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H 

HYDROCHLOROTHIAZIDE 

CAS NO. 58-93-5 

Synonym: 6-chloro-3,4-dihydro-2H-1,2,4-benzothiadiazine-7-sulfonamide1,l-dioxide 

Trade Names: Aquarius; Bremil; Chlorzide; Cidrex; Dichlorosal; Dichlotride; Diclotride; Direma; 
Disalunil; Esidrex; Esidrix; Fluvin; Hidroronol; Hydril; Hydro-Aquil; Hydro-Diuril; Hydrosaluric; 
Hydrothide; Hypothiazide; Ivaugan; Jen-Diril; Maschitt; Nefrix; Neo-Codema; Neoflumen; Oretic; 
Panurin; Ro-Hydrazide; Thiaretic; Thiuretic; Urodiazin; Vetidrex 

ABSTRACT 

Hydrochlorothiazide is a diuretic active a t  the distal convoluted tubule and collecting duct. Toxi-
cology and carcinogenesis studies were conducted by feeding diets containing hydrochlorothiazide 
(USP grade, greater than 98% pure) to groups of F344/N rats and B6C3F1 mice of each sex for 15days, 
13 weeks, 1year, or 2 years. Additional studies were performed to evaluate teratologic effects in CD@ 
rats and CD@-1 mice. Genetic toxicology studies were performed with Salmonella, Chinese hamster 
ovary (CHO) cells, mouse lymphoma cells, and Drosophila. 

Fifteen-Day and Thirteen-Week Studies: All rats and mice lived to the end of the 15-day studies (di- 
etary concentrations of 0 and 3,125-50,000 ppm). The final mean body weights of all dosed rat groups 
were 5%-11% lower than those of controls. The final mean body weights of the groups of male mice 
that received 6,250-50,000 ppm were 10%-14% lower than that of controls. The final mean body 
weights of dosed and control female mice were similar. Calculi were seen in the urinary bladder of 215 
male and W5 female mice a t  50,000 ppm and in 1/5 male and 1/5 female mice at 25,000 ppm. 

All rats lived to the end of the first 13-week studies (dietary concentrations of 0 and 3,125-50,000 
ppm). Final body weights of dosed rats were 7%-16% lower than those of controls. Mineralization in 
the kidney was observed in all dosed rats and because of this, additional 13-week studies in rats were 
conducted at lower dietary concentrations. All rats lived to the end of the second 13-week studies (di- 
etary concentrations of 0 and 250-4,000 ppm). The final mean body weights of all dosed rat groups 
were 5%-10% lower than those of controls. Renal mineralization was dose related and judged to be 
minimal to mild a t  the lowest dose. 

In the 13-week studies in mice, 7/10 males and 1/10 females that received 50,000 ppm hydro- 
chlorothiazide died. The final mean body weights of mice that received 50,000 ppm were 11% lower 
than those of controls for males and females. Calculi were seen in the urinary bladder of mice that re- 
ceived hydrochlorothiazide a t  12,500 ppm and above. Nephrosis occurred with dose-related inci- 
dences in mice receiving 12,500 ppm and above. 
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Based on these results, 2-year studies were conducted by feeding diets containing 0,250,500, or 2,000 
ppm hydrochlorothiazide to groups of 50 male and 50 female rats for 105-106 weeks. Diets containing 
0, 2,500, or 5,000 ppm hydrochlorothiazide were fed to groups of 50 male and 50 female mice for 103- 
104 weeks. Ten additional rats per sex and dose group were placed on study and killed a t  1year for 
blood-clotting studies and histopathologic examination. 

Effects in the One-Year Studies: One of 10 female rats in the 1-year study group that received 2,000 
ppm died with internal hemorrhage. In addition, evidence of hemorrhage was found in 11of the 16 
dosed female rats that died during the first year of the 2-year study. Hematologic analyses revealed 
no compound-related effects; however, activated partial thromboplastin times (APTTs) were highly 
variable and were lengthened in some dosed male rats. No effects on APTTs were seen for females, 
and no effects on prothrombin times or on the fibrinogen content of plasma were observed for dosed 
male or female rats. Nephropathy occurred in dosed and control rats, and the severity was judged to 
be greater in dosed male and high dose female rats. Increased incidences of mild focal renal min- 
eralization were also seen in mid and high dose male rats and dosed female rats. 

Body Weight and Survival in the Two-year Studies: Mean body weights of dosed rats were 8%-25% 
lower than those of controls. Mean body weights of dosed and control mice were similar throughout 
the studies. No significant differences in survival were observed between rats or mice of either sex 
(rats--male: control, 18/50; low dose, 16/50; mid dose, 9/50; high dose, 11/50; female: 31/50; 26/50; 
30150; 27/50; mice--male: control, 43/50; low dose, 42/50; high dose, 43/50; female: 38/50; 40150; 
35/50). Survival of all groups of male rats was low because a large number of animals were killed in a 
moribund condition late in the study. The average daily feed consumption by dosed rats was 89%- 
94% that by controls. The average amount of hydrochlorothiazide consumed per day was approxi- 
mately 11, 23, or 89 mg/kg for low, mid, or high dose rats. The average daily feed consumption by 
dosed mice was 100%-105% that by controls. The average amount of hydrochlorothiazide consumed 
per day was approximately 280 or 575 mg/kg for low dose or high dose mice. 

Nonneoplastic and Neoplastic Effects in the Two-year Studies: Nephropathy occurred in nearly all 
male and female rats, but the severity of this disease was greater in dosed rats, as  evidenced by in- 
creases in renal cysts and epithelial hyperplasia of the renal pelvis in dosed rats shown in the follow- 
ing table. Mineralization was observed a t  increased incidences in dosed male and dosed female rats. 

Changes associated with or secondary to renal injury were increased in dosed rats. These lesions in- 
cluded parathyroid hyperplasia, fibrous osteodystrophy of bone, and mineralization of multiple 
organs. 

NUMBERS OF RATS WITH SELECTED RENAL LESIONS IN THE TWO-YEAR FEED STUDIES OF 
HYDROCHLOROTHIAZIDE 

Lesion 0 
Male (ppm) 

250 500 2,000 0 
Female (ppm) 

250 500 2,000 

-
No. examined 50 49 50 50 50 50 49 50 

Nephropathy 
cysts 
Epithelial hyperplasia of 

the renal pelvis 
Mineralization, kidney or 

multiple organs 
Tubular cell adenoma 

50 
2 

6 

1 
3 

49 
19 

21 

19 
1 

50 
21 

26 

27 
0 

50 
18 

23 

21 
1 

47 
0 

0 

10 
0 

42 
3 

4 

40 
0 

44 
4 

2 

39 
1 

47 
3 

3 

40 
1 

-
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Adenomas or carcinomas (combined) of the Zymbal gland in male rats occurred in 1/50 control, 1/49 
low dose, 2/50 mid dose, and 4/50 high dose animals. The historical incidence of Zymbal gland neo- 
plasms in untreated F344/N male rats is 19/1,936 (1.0%), and the highest observed control group inci- 
dence is 4/50. This marginal increase was not considered to be chemically related. 

The incidences of fibroadenomas of the mammary gland were decreased in dosed female rats (30150; 
12/50; 11/49; 5/50). 

The incidence of hepatocellular neoplasms was increased in high dose male mice (adenomas or carci- 
nomas, combined: control, 7/48; low dose, 10/49; high dose, 21/50). The historical incidence of hepato- 
cellular adenomas or carcinomas (combined) is 60912,032(30%)in untreated controls. 

Teratology: Hydrochlorothiazide produced no teratologic effects in the offspring of CD@ rats or CD@-1 
mice after gavage administration to pregnant females on day 6 through day 15 of gestation. 

Genetic Toxicology: In the absence of exogenous metabolic activation, hydrochlorothiazide produced 
an equivocal increase in revertant colonies in Salmonella typhimurium strain TA98; no increase was 
observed in strains TA100, TA1535, or TA1537 with or without activation. Hydrochlorothiazide in- 
duced an increase in trifluorothymidine (Tftbresistant cells in a mouse lymphoma L5178Y/TK +'-
assay without exogenous metabolic activation; this assay was not performed with activation. In cul- 
tured CHO cells, hydrochlorothiazide induced sister chromatid exchanges (SCEs)in the presence and 
absence of exogenous metabolic activation but did not induce chromosomal aberrations. Hydrochloro- 
thiazide did not increase the frequency of sex-linked recessive lethal mutations when administered by 
feeding or injection to adult male Drosophila melanogaster. 

Audit: The data, documents, and pathology materials from the 2-year studies of hydrochlorothiazide 
have been audited. The audit findings show that the conduct of the studies is documented adequately 
and support the data and results given in this Technical Report. 

Conclusions: Under the conditions of these 2-year feed studies, there was no evidence of carcinogenic 
activity* of hydrochlorothiazide for male or female F344/N rats given feed containing 250, 500, or 
2,000 ppm hydrochlorothiazide. There was equivocal evidence of carcinogenic activity of hydrochloro- 
thiazide for male B6C3F1 mice, based on increased incidences of hepatocellular neoplasms. There 
was no evidence of carcinogenic activity for female B6C3F1 mice given diets containing 2,500 or 5,000 
ppm hydrochlorothiazide. 

Chronic renal disease was more severe in rats administered hydrochlorothiazide, and increased inci-
dences of secondary lesions (parathyroid hyperplasia, fibrous osteodystrophy, and mineralization in 
multiple organs) occurred in dosed rats. 

'Explanation of Levels of Evidence of Carcinogenic Activity is on page 7.  

A summary of the Peer Review comments and the public discussion on this Technical Report appears on pages 10-11, 
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SlJMMARY OF THE TWO-YEAR FEED AND GENETIC TOXICOLOGY Sl"l'D1ES OF 
HYDROCHLOROTHIAZIDE 

-
Male F344/N Rats Female F344/N Rats 
-
Dietary concentration 
0,250,500,or 2,000 ppm 0,250,500,or 2,000 ppm
hydrochlorothiazide hydrochlorothiazide 

Body weights in the 2-year study 
Dosed lower than controls Dosed lower than controls 

Survival rates in  the  2-year study 
18/50; 16/50; 9/50; 11/50 31/50; 26/50; 3060; 27/50 


Nonneoplastic effects 
Chronic renal disease and Chronic renal disease and 
secondary effects secondary effects 

Neoplastic effects 
None None 

Level of evidence of carcinogenic activity 
No evidence No evidence 

Genetic toxicology 

Male B6C3F1 Mice 

0,2,500, or 5,000 ppm
hydrochlorothiazide 

Dosed and controls similar 

43/50; 42/50; 43/50 


None 

Hepatocellular neoplasms 
(7148; 10149; 21/50) 


Equivocal evidence 

Salmonella- Mouse L5178YmK"- CHO Cells in Vitro 
(gene mutation) (Tft resistance) SCE Aberration 

Equivocal without S9; Positive without S9; Positive with and Negative with 
negative with S9 no test with S9 without S9 and without S9 

Female B6C3F1 Mice 

0,2,500, or 5,000 ppm
hydrochlorothiazide 

Dosed and controls similar 

38/50; 40/50; 35/50 


None 

None 

No evidence 

Drosophila 
Sex-Linked Reciprocal
Rec. Lethals Translocation 
Negative No test 
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EXPLANATION OF LEVELS OF EVIDENCE OF CARCINOGENIC ACTIVITY 

The National Toxicology Program describes the results of individual experiments on a chemical agent and notes the strength of 
the evidence for conclusions regarding each study. Negative results, in which the study animals do not have a greater incidence 
of neoplasia than control animals, do not necessarily mean tha t  a chemical is not a carcinogen, inasmuch as the experiments are 
conducted under a limited set of conditions. Positive results demonstrate that  a chemicalis carcinogenic for laboratory animals 
under the conditions of the study and indicate that exposure to the chemical has the potential for hazard to humans. Other 
organizations, such as the International Agency for Research on Cancer, assign a strength of evidence for conclusions based on 
an examination of all available evidence including: animal studies such as those conducted by the NTP, epidemiologic studies, 
and estimates of exposure. Thus, the actual determination of risk to humans from chemicals found to be carcinogenic in labora- 
tory animals requires a wider analysis that  extends beyond the purview ofthese studies. 

Five categories of evidence of carcinogenic activity are used in the Technical Report series to summarize the strength of the evi- 
dence observed in each experiment: two categories for positive results ("Clear Evidence" and "Some Evidence"); one category 
for uncertain findings ("Equivocal Evidence"); one category for no observable effects ("No Evidence"); and one category for ex- 
periments that because of major flaws cannot be evaluated ("Inadequate Study"). These categories of interpretative conclusions 
were first adopted in June 1983 and then revised in March 1986 for use in the Technical Reports series to incorporate more 
specifically the concept of actual weight of evidence of carcinogenic activity. For each separate experiment (male rats, female 
rats, male mice, female mice), one of the following quintet is selected to describe the findings. These categories refer to the 
strength of the experimental evidence and not to either potency or mechanism. 

Clear Evidence of Carcinogenic Activity is demonstrated by studies that are interpreted as showing a dose-related 
(i)increase of malignant neoplasms, (ii) increase of a combination of malignant and benign neoplasms, or (iii) marked 
increase of benign neoplasms if there is an  indication from this or other studies of the ability of such tumors to progress 
to malignancy. 

Some Evidence of Carcinogenic Activity is demonstrated by studies that are interpreted as showing a chemically 
related increased incidence of neoplasms (malignant, benign, or combined) in which the strength of the response is less 
than that required for clear evidence. 

Equivocal Evidence of Carcinogenic Activity is demonstrated by studies that are interpreted as  showing a mar-
ginal increase of neoplasms that may be chemically related. 

0 	 N o Evidence of Carcinogenic Activity is demonstrated by studies that are interpreted as showing no chemically re- 
lated increases in malignant or benign neoplasms. 

Inadequate  Study of Carcinogenic Activity is demonstrated by studies that because of major qualitative or quanti-
tative limitations cannot be interpreted asvalid for showing either the presence or absence of carcinogenic activity. 

When a conclusion statement for a particular experiment is selected, consideration must be given to key factors that would ex- 
tend the actual boundary of an  individual category of evidence. This should allow for incorporation of scientific experience and 
current understanding of long-term carcinogenesis studies in laboratory animals, especially for those evaluations that may be 
on the borderline between two adjacent levels, These considerations should include: 

0 The adequacy ofthe experimental design and conduct; 
Occurrence of common versus uncommon neoplasia; 


0 Progression (or lack thereof) from benign to malignant neoplasia aswell as  from preneoplastic to neoplastic lesions; 

Some benign neoplasms have the capacity to regress but others (of the same morphologic type) progress. At present, i t  
is impossible to identify the difference. Therefore, where progression is known to be a possibility, the most prudent 
course is to assume that benign neoplasms of those types have the potential to become malignant; 

0 	 Combining benign and malignant tumor incidences known or thought to represent stagesofprogression in the same or- 
gan or tissue; 
Latency in tumor induction; 
Multiplicity in site-specific neoplasia; 
Metastases; 


0 Supporting information from proliferative lesions (hyperplasia) in the same site of neoplasia or in other experiments 

(same lesion in another sex or species); 

0 The presence or absence ofdose relationships; 
0 The statistical significance of the observed tumor increase; 
0 The concurrent control tumor incidence as well as  the historical control rate and variability for a specific neoplasm; 
0 Survival-adjusted analyses and false positive or false negative concerns; 

Structure-activity correlations; and 
In some cases, genetic toxicology. 
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SUMMARY OF PEER REVIEW COMMENTS 

ON THE TOXICOLOGY AND CARCINOGENESIS STUDIES OF 


HYDROCHLOROTHIAZIDE 


On April 18, 1988, the draft Technical Report on the toxicology and carcinogenesis studies of hydro- 
chlorothiazide received public review by the National Toxicology Program Board of Scientific Coun- 
selors' Technical Reports Review Subcommittee and associated Panel of Experts. The review meeting 
was held at the National Institute of Environmental Health Sciences (NIEHS), Research Triangle 
Park, North Carolina. 

Dr. J.R. Bucher, NIEHS, began the discussion by reviewing the experimental design, results, and pro- 
posed conclusions (equivocal evidence of carcinogenic activity for male rats, no evidence of carcino- 
genic activity for female rats, some evidence of carcinogenic activity for male mice, no evidence of car-
cinogenic activity for female mice). Chronic renal disease was more severe in rats administered hy- 
drochlorothiazide, and increased incidences of secondary lesions (parathyroid hyperplasia, fibrous os-
teodystrophy, and mineralization in multiple organs) occurred in dosed rats. 

Dr. Hughes, a principal reviewer, agreed with the conclusions for female rats and mice. He stated 
that the conclusion for male rats should be changed to no evidence of carcinogenic activity because 
the incidence of Zymbal gland neoplasms in the high dose group was no greater than the highest inci- 
dence in any historical control group. In addition, 2-year studies by Lijinsky and Reuber (1987) 
showed no increases in neoplastic lesions in male or female rats given hydrochlorothiazide a t  1,000 
ppm. Dr. J. Huff, NIEHS, mentioned that the dietary concentrations used in those studies were one- 
half those used in the NTP studies. Dr. Hughes thought that, in view of the high historical control in- 
cidence (30%)of hepatocellular neoplasms in male mice, the conclusion should be changed to no evi- 
dence of carcinogenic activity. Dr. Bucher commented that there was a strong dose-related trend for 
the liver neoplasms and that the incidence in the high dose group was highly significant when com- 
pared with that in the controls, supporting the staff interpretation. 

Dr. Sivak, the second principal reviewer, agreed with the conclusions. 

Dr. Chinchilli, the third principal reviewer, agreed with the conclusions for female rats and male and 
female mice but felt that the conclusion for male rats should be changed to no evidence of carcinogenic 
activity. If a test had been employed which directly compared the current data with the historical 
control data and which yielded a more significant P value, he could have supported the conclusion. In 
response to Dr. Hughes and Dr. Chinchilli, Dr. Bucher agreed that the evidence in male mice was 
weakened when comparisons were drawn with the historical incidences. All the Zymbal gland neo- 
plasms were observed on gross examination. 

In other discussion, Dr. Ashby stated that the data from genotoxicology assays support the considera- 
tion that hydrochlorothiazide is nongenotoxic. Pertaining to the liver neoplasms in male mice, there 
was further discussion about the relative weight given to concurrent vs. historical control incidences. 
Dr. J'. Haseman, NIEHS, stated that the NTP position is that the most important comparison is with 
the concurrent controls, whereas comparisons with historical controls are most useful for rare tumors 
and where there is a marginal increase, in helping to judge the appropriate level. With regard to the 
current study, he noted that the concurrent control incidence of liver neoplasms in male mice (7/48) 
was low relative to the historical control values but that the incidence in the high dose group (21/50) 
exceeds all but one of the incidences in the historical control data base. Dr. Hughes commented that 
he would have more confidence in the association of tumors with chemical administration if there 
were an adequate historical data base for the laboratory performing the hydrochlorothiazide studies. 
Dr. fluff indicated that the mean incidences in the two contemporary studies were not different from 
the incidence in the hydrochlorothiazide controls. 
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SUMMARY OF PEER REVIEW COMMENTS (Continued) 

Dr. Hughes moved that the conclusion for male rats be changed to no evidence of carcinogenic acti- 
vity, based on the incidence of Zymbal gland tumors in dosed rats being no greater than the top inci- 
dence in historicalcontrols. Dr. Sivak seconded the motion, which was approved by five members (Dr. 
Capen, Dr. Gallo, Dr. Hughes, Dr. Popp, and Dr. Sivak), with three dissents (Dr. Chinchilli, Dr. 
Hooper, and Dr. Lijinsky) and one abstention (Dr. Ashby). Dr. Hughes moved that the conclusion for 
female rats, no evidence of carcinogenic activity, be accepted as written. Dr. Popp seconded the mo-
tion, which was approved by eight panelists, with one abstention (Dr. Ashby). Dr. Hughes moved that 
the conclusion for male mice be changed to equivocal evidence of carcinogenic activity, based on the 
variability of liver neoplasms in male mice and the lack of adequate historical control data from the 
study laboratory. Dr. Lijinsky seconded the motion, which was approved by five members (Dr. Capen, 
Dr. Hughes, Dr. Lijinsky, Dr. Popp, and Dr. Sivak), with three dissents (Dr. Chinchilli, Dr. Gallo, and 
Dr. Hooper) and one abstention (Dr. Ashby). Dr. Hughes moved that the conclusion for female mice, 
no evidence of carcinogenic activity, be accepted as  written. Dr. Sivak seconded the motion, which 
was approved by eight panelists, with one abstention (Dr. Ashby). 
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H 

HYDROCHLOROTHIAZIDE 

CAS NO. 58-93-5 

C7H8ClN304S2 Molecular weight 297.7 

Synonym: 6-chloro-3,4-dihydro-2H-1,2,4-benzothiadiazine-7-sulfonamide1,l-dioxide 

Trade Names: Aquarius; Bremil; Chlorzide; Cidrex; Dichlorosal; Dichlotride; Diclotride; Direma; 
Disalunil; Esidrex; Esidrix; Fluvin; Hidroronol; Hydril; Hydro-Aquil; Hydro-Diuril; Hydrosaluric; 
Hydrothide; Hypothiazide; Ivaugan; Jen-Diril; Maschitt; Nefrix; Neo-Codema; Neoflumen; Oretic; 
Panurin; Ro-Hydrazide; Thiaretic; Thiuretic; Urodiazin; Vetidrex 

Physical Properties, Production, a n d  Use 

Hydrochlorothiazide is a crystalline material 
with a melting point of 273"-275" C. It is soluble 
in dilute ammonia or sodium hydroxide and in 
methanol, ethanol, or acetone and is essentially 
insoluble in water (Merck, 1983). 

Specific production data for hydrochlorothiazide 
were not found, but hydrochlorothiazide is avail- 
able as a prescription drug by itself and in com- 
bination with other drugs. The combination of 
hydrochlorothiazide and triamterene is mar- 
keted under the trade name Dyazide. More pre- 
scriptions were written for Dyazide than for any 
other single prescription drug in the United 
Stat,es in 1984 and 1985 (Pharmacy Times, 
1986). Hydrochlorothiazide is one of a number of 
benzothiadiazides that are used primarily as di-
uretic agents. They were f i rs t  synthesized 
during attempts to develop inhibitors of carbonic 
anhydrase, but their diuretic action appears to 
be largely independent of this property (Gilman 
et al., 1985). Hydrochlorothiazide and other thi- 
azide diuretics are used to lessen edema due to 
mild-to-moderate congestive heart failure or for 
chronic hepatic or renal disease. They are also 
widely used in the treatment of hypertension 
(Whelton, 1986). Effective oral doses in humans 
are "25-100 mglday. A 75-mg dose results in a 
peak plasma concentration of about 375 ng/ml 

(Beermann and Groschinsky-Grind, 1977; Gil-
man et al., 1985). 

Absorption, Distribution, Metabolism, and 
Excretion 

In humans, about 70% of an orally administered 
therapeutic-level dose of hydrochlorothiazide is 
absorbed, primarily from the duodenum and up- 
per jejunum (Beermann et al., 1976). Absorption 
is linear over the dose range 12.5-75 mg (Beer- 
mann, 1984). Absorption after a meal has been 
reported to be faci l i ta ted (Beermann and  
Groschinsky-Grind, 1978) or decreased (Barb- 
haiya et al., 1982). Approximately 40% of the 
absorbed hydrochlorothiazide binds to plasma 
proteins across the therapeutic dose range, and 
the drug accumulates in erythrocytes. The ratio 
of this uptake between blood corpuscles and 
plasma is about 3.5:l (Beermann, 1984). Peak 
plasma levels are attained approximately 2-3 
hours a+% dosing (Beermann and Groschinsky- 
Grind, 1978). The decline of plasma drug levels 
fits a two-compartment model with a terminal 
elimination phase of 9.5 hours. This relatively 
long half-life provides a fairly constant, long du- 
ration of action (12-24 hours) (Rahn, 1983). Re- 
nal clearance is over 300 ml/minute, indicating 
active secretion of the drug by the kidney (Beer- 
mann, 1984). Secretion is via the organic anion 
transport system in the proximal tubules and is 
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sensitive to inhibition by probenecid (Gilman et 
al., 1985). Urinary recovery of unchanged hy- 
drochlorothiazide averages about 70% after oral 
administration and over 90% after intravenous 
administration. Biliary excretion is not thought 
to be significant (Beermann et al., 1976). Hydro- 
chlorothiazide apparently does not undergo sig- 
nificant metabolism; however, an unidentified 
nonrenal excretion mechanism apparently is ac-
tive in  pat ients  with severe r ena l  fa i lure  
(Welling, 1986). No information was found con- 
cerning absorption, distribution, metabolism, or 
excretion of hydrochlorothiazide in rodents. 

Pharmacology 

Hydrochlorothiazide increases the loss of sodi- 
um, chloride, potassium, and magnesium ions 
and of water in the urine (Gilman et al., 1985). 
The excretion of uric acid and calcium ions is 
decreased relative to that of sodium ions. Thia- 
zide diuretics can increase urinary excretion of 
sodium ions up to 5%-10% of the filtered load 
(Rahn, 1983). The primary site of action of hy- 
drochlorothiazide is on the distal convoluted tu- 
bule. Additional effects have been reported on 
resorption in the cortical and/or medullary col- 
lecting duct, and minor contributions to the di- 
uretic effect may result from weak carbonic an- 
hydrase inhibitory action in the proximal tubule 
(Wilson et al., 1983). Urine collected for 5 hours 
after male Sprague Dawley rats were given oral 
doses of 30 mg/kg contained a twelvefold in- 
crease in sodium ions and a threefold increase in 
potassium ions over controls (DeFelice et al., 
1987). Plasma renin activity also was signifi- 
cantly increased in these animals. In studies of 
male Long Evans rats administered diets con- 
taining 0,35, or 350 ppm hydrochlorothiazide for 
up to 10days, both doses resulted in an initial di- 
uresis and natriuresis (Walter and Shirley,  
1986). The natriuresis abated after 1 day, but 
the diuresis continued throughout the studies. 
Micropuncture studies suggested that the return 
of sodium ion excretion to control levels was due 
to a reduction in the amount of sodium ions re- 
maining in the filtrate a t  the end of the proximal 
tubule. This most likely reflected increased 
proximal tubule absorption of sodium ions and 
water due to volume depletion. It was suggested 
that the sustained water loss was due to a 

reduction in  reabsorption of water  i n  the  
collecting ducts. 

The exact mechanism of the diuretic effect of hy- 
drochIorothiazide is not fully understood. Bio-
electric studies suggested a direct inhibition of 
sodium ion reabsorption in the toad bladder (Gil- 
man et al,, 19851, and studies of the effects of 
hydrochlorothiazide on ion movement in the iso- 
lated rabbit distal colon suggested specific in- 
hibition of chloride absorption (Ferriola et al., 
1986). In micropuncture studies, chloride trans- 
port in the medullary collecting duct of the rat  
kidney was almost completely inhibited by hy- 
drochlorothiazide (Wilson et al., 1983). Garg 
and Narang (1987) examined the effect of hydro- 
chlorothiazide on Na' -K+ ATPase activity in 
seven separate segments along the nephron of 
spontaneously hypertensive rats (SHR) and the 
normotensive control rats (WKY). Hydrochloro- 
thiazide was administered at 15 mg/kg for 7 days 
by an  osmotic minipump. Individual nephron 
segments then were dissected from the kidney, 
and ouabain-sensitive Na+-K 'ATPase activity 
was determined. Activity in the WKY strain 
was decreased by hydrochlorothiazide adminis- 
tration in the distal convoluted tubule and was 
increased in the cortical collecting duct. Hydro- 
chlorothiazide decreased Na+-K ATPase ac- + 

tivity in all but the proximal straight tubule and 
medullary collecting duct in the SHR strain. 

Other recognized renal effects of hydrochlorothi- 
azide include increased renin release (Griffing et 
al., 1983) and increased release of kallikrein 
(Overlack et al., 1982). Renin is an enzyme re- 
leased from the juxtaglomerular apparatus ,  
which is active in the formation of angiotensin I 
in the blood stream. Angiotensin I is converted 
to angiotensin II by angiotensin I-converting en- 
zyme in the vasculature in the lung. One of the 
actions of angiotensin II is to stimulate secretion 
of aldosterone from the adrenal cortex. Al-
dosterone acts on the distal convoluted tubule 
and collecting duct to promote sodium ion reab- 
sorption and potassium ion secretion (Melby, 
1986). This action acts to temper the diuresis in- 
duced by hydrochlorothiazide. Prostaglandin 
biosynthesis is thought to be involved in the in- 
crease in renal renin release in response to loop 
diuretics such as  furosemide (Gerber, 19831, but 
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the renal effects of hydrochlorothiazide do not 
appear to be mediated by prostaglandins (Wil- 
l i a m  et al., 1982; Wilson, 1986). 

Kallikrein is a protease purportedly released 
from the kidney and is involved in the formation 
of vasoactive kinins, including the vasodilator 
bradykinin. Urinary kallikrein activity was in- 
creased in hypertensive volunteers after 2 weeks 
of daily dosing with 50 mg hydrochlorothiazide 
followed by 2 weeks of daily dosing with 100 mg 
hydrochlorothiazide (Overlack e t  al., 1982). 
This action may be important in the efficacy of 
hydrochlorothiazide therapy for hypertension. 

Clinical experience in hypertensive patients has 
shown that hydrochlorothiazide has two major 
effects. One is an  initial decrease in cardiac out- 
put due to volume depletion from the diuresis. 
The second is a fall in  peripheral resistance 
which occurs after a few weeks of therapy. The 
reasons for this gradual reduction in peripheral 
resistance remain under investigation (Struy- 
ker-Boudier et al., 1983; Wilson, 1986). 

Toxicity 

Recognized side effects that have been associ- 
ated with the use of hydrochlorothiazide include 
hypokalemia with resultant muscle cramps, car- 
diac arrhythmia, hyperglycemia, and hyper- 
lipidemia (Chrysant et al., 1983). A variety of 
hypersensitivity reactions have also been re- 
ported. Electrolyte imbalances, in particular hy- 
pokalemia and hypomagnesemia, may be in- 
volved in increased incidences of sudden death 
in  patients with preexisting electrocardio- 
graphic abnormalities (Kolata, 1982). Results of 
the large Multiple Risk Factor Intervention 
Trial, a 10-year, multicenter study of factors in- 
volved in heart disease, indicated that high dose 
hydrochlorothiazide therapy (100 mg/day) was 
associated with greater incidences of sudden 
death in patients with both high blood pressure 
and electrocardiographic abnormalities. The in- 
volvement of hypokalemia and hypomagnese- 
mia in this observation remains a point of con- 
troversy (Freis, 1986; Hollifield, 1986; Kuller et 
al., 1986). 

One electrolyte change that occurs with long- 
term hydrochlorothiazide therapy in humans is 

increased calcium ion retention; hypercalcemia 
occasionally results (Christensson et al., 1977). 
A related finding is an association of hydrochlo-
rothiazide treatment with hyperparathyroidism 
(Paloyan et al., 1969). It has been suggested 
that thiazides cause a primary hyperparathy- 
roidism, and the reduced calcium ion excretion 
and increased potassium ion loss seen with these 
diuretics may, a t  least in part, be secondary to 
increased para thyro id  hormone secret ion 
(Pickleman et al,, 1969; Klimiuk et al., 1981). 
Pickleman et al. (1969) gave 20 dogs daily doses 
of 50-200 mg hydrochlorothiazide for up to 9 
months; all dogs administered hydrochlorothia- 
zide had enlarged and hyperactive parathyroid 
glands. 

Thiazide diuretics also induce a transient in- 
crease in serum cholesterol and triglyceride 
levels, raising the possibility that  long-term 
treatment may contribute to atherosclerosis 
(Flamenbaum, 1983; Ballantyne and Ballan- 
tyne, 19831, although the importance of these 
transient increases has been disputed (Freis, 
1986). Hypertensive individuals receiving 50 
mg hydrochlorothiazide per day for 4weeks had 
increased concentrations of total plasma choles- 
terol, of high density, low density, and very low 
density lipoproteins, and of triglycerides. In-
creased plasma levels of fasting glucose and in- 
sulin were also observed (Johnson et al., 1986). 
Sarva et al. (1985) dosed Syrian golden hamsters 
daily with 1,2, or 4 mg/kg hydrochlorothiazide 
by gavage for 6 months. At 6 months, they ob- 
served increased total cholesterol, triglyceride, 
and high density lipoprotein cholesterol levels. 
As noted in the Johnson e t  al. (1986)study, glu- 
cose intolerance is a frequently encountered side 
effect of long-term thiazide therapy (Amery e t  
al.,  1978) and may be associated with hypo- 
kalemia (Flamenbaum, 1983), but the mech- 
anism for this effect is not understood. Other di- 
uretics have similar effects on glucose tolerance. 

Immunologic reactions to hydrochlorothiazide 
therapy were reported, including cases of severe 
allergic pneumonitis (Beaudry and Laplante, 
19731, a photoallergic dermatitis resembling 
subacute cutaneous lupus erythematosus (Reed 
et al., 19851, and several types of hematologic 
dyscrasias (Swanson and Cook, 1977). Neutro- 
penia was reported in several patients with a 
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pattern of onset which suggested a toxic de- 
pression of the bone marrow. On the other hand, 
thrombocytopenia also was reported with hydro- 
chlorothiazide therapy and with other thiazides 
(Nordqvist et al., 1959; Swanson and Cook, 
1977) and appears to be immunologically me- 
diated. In one person, a specific IgM antibody 
was identified a s  an antiplatelet factor asso- 
ciated with hydrochlorothiazide-induced throm- 
bocytopenia (Eisner and Crowell, 1971). 

The LO50 of orally administered hydrochloro- 
thiazide to an  unspecified strain of mice was 
3,080 mg/kg (Barnes and Eltherington, 1965). 
Lijinsky and Reuber (1987) fed diets containing 
0 or 1,000 ppm hydrochlorothiazide to groups of 
24 male and 24 female rats for 2 years. The inci- 
dence and severity of chronic progressive ne- 
phropathy was increased in the dosed rats,  a s  
were lesions secondary to chronic renal disease 
and polyarteritis and mural thrombosis. No in- 
creases in neoplastic lesions were seen in dosed 
rats. 

Reproductive Toxicity 

Hydrochlorothiazide has been evaluated for use 
in lessening sodium and water retention in con- 
ditions of preeclampsia during pregnancy. Al-
though prophylactic use of hydrochlorothiazide 
apparently does not prevent preeclampsia, some 
benefit may be derived when hydrochlorothia- 
zide is administered during the second trimester 
to pregnant women with underlying hyperten- 
sion (Welt et al., 1981). Limited epidemiologic 
evaluations have not demonstrated fetotoxic ef- 
fects attributed to the use of hydrochlorothiazide 
during pregnancy (Gjonnaess, 1968; Heinonen et 
al., 1977). Hydrochlorothiazide is known to 
cross the placenta and to accumulate in amniotic 
fluid to levels fivefold higher than those in ma- 
ternal blood (Beermann et al., 1980). In con- 
trast, breast feeding by a mother on long-term 
hydrochlorothiazide therapy did not result in de- 
tectable levels in her infant’s blood (Miller et al., 
1982). 

When given by subcutaneous injection to two 
pregnant female Wistar ra ts  a t  a dose of 250 
mg/kg on gestation days 10 and 11,hydrochloro-
thiazide did not appear to cause fetal malforma- 
tions. Nine normal pups were born; three were 
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resorbed (Maren and Ellison, 1971). This is the 
only published report on reproductive effects of 
hydrochlorothiazide found in the l i terature .  
Because of this lack of information, the NTP per- 
formed teratologic evaluations of hydrochloro- 
thiazide by administering the drug to pregnant 
CD@ rats and CD@-1 mice on gestational days 6-
15. A summary of these studies, which also re- 
vealed no teratologic effects, is presented in hp- 
pendix H, 

Genetic Toxicology 

In the Salmonella typhimurium gene mutation 
assay, hydrochlorothiazide demonstrated equiv- 
ocal mutagenicity in strain TA98 in the absence 
of S9; no increase in revertant colonies was ob- 
served in strains TA100, TA1535, or TA1537 
treated with up to 10 mg/plate hydrochlorothia- 
zide with or without S9 from Aroclor 1254-in- 
duced male Sprague Dawley rat  or Syrian ham- 
ster liver (Mortelmans et al., 1986; Table 26). 
The results of the Salmonella tests reported by 
other laboratories, using lower or unspecified 
doses of hydrochlorothiazide, were negative 
(Minnich et al., 1976; Waskell, 1978; Ishidate et 
al., 1981). Bignami et al. (1974) reported a sig- 
nificant increase in p-fluorophenylalanine 
(PFPI-resistant colonies of Aspergillus nidulans 
after exposure in a spot test to paper saturated 
with hydrochlorothiazide (a pharmaceutical  
preparation); this resistance was attributed to 
nondisjunctional events induced by chemical ex- 
posure. Hydrochlorothiazide did not induce sex- 
linked recessive lethal mutations in adult male 
Drosophila melanogaster when administered by 
feeding or injection (Valencia et al., 1985; Ta-
ble 30). In cytogenetic tests with cultured Chi- 
nese hamster ovary cells, hydrochlorothiazide 
(43-1,300 pg/ml) induced sister chromatid ex- 
changes in the presence and absence of Aroclor 
1254-induced male Sprague Dawley rat  liver S9 
but did not induce chromosomal aberrations a t  
doses up to 1,000 pg/ml without S9 and 2,600 
pg/ml with S9 (Galloway et al., 1987; Tables 28 
and 29). Ishidate et al. (1981) also detected no 
significant increase in chromosomal aberrations 
in Chinese hamster lung cells exposed at doses 
up to 500 pg/ml hydrochlorothiazide with and 
without S9 but did report induction of polyploidy 
in 12%of the cells. 
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Study Rationale 

Hydrochlorothiazide was nominated for study by 
the Bureau of Drugs, Food and Drug Adminis- 
tration, after a review of available long-term 
toxicity and carcinogenicity data for drugs used 
in hypertensive therapy. The absence of ade- 
quate animal studies and the potential for hy-
drochlorothiazide to form N-nitroso derivatives 

(Gold and Mirvish, 1977) formed the basis for 
the nomination. Two-year dietary studies of hy-
drochlorothiazide with and without sodium ni- 
trite in F344 rats have recently been reported 
(Lijinsky and Reuber, 1987). The feed route of 
administration also was chosen for the present 
studies because oral exposure is the primary 
route of administration in humans. 
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PROCUREMENT AND 
CHARACTERIZATION OF 
HYDROCHLOROTHIAZIDE 

Hydrochlorothiazide (USP grade, unformulated) 
was obtained in two lots from Ciba Pharmaceu- 
tical Company (Summit, New Jersey) (Table 1). 
The study material was certified by the supplier 
as USP grade. Purity and identity analyses 
were conducted a t  Midwest Research Institute 
(MRI) (Kansas City, Missouri). MRI reports on 
the analyses performed in support of the hydro- 
chlorothiazide studies are on file a t  NIEHS. 

E3oth lots of the study chemical were identified 
as hydrochlorothiazide by infrared, ultraviolet/ 
visible, and nuclear magnetic resonance spec- 
troscopy. Infrared and nuclear magnetic reso- 
nance spectra were consistent with the structure 
and with the spectrum of USP-standard hydro- 
chlorothiazide (representative spectra a re  pre- 
sented in Figures 1 and 2); no literature refer- 
ences were found. The ultraviolet/visible spec- 
trum was consistent with the l i terature spec- 
trum (Siek et al., 1976) and with the spectrum of 
a USP standard. The material in these lots was 
a white, fluffy, microcrystalline powder. 

Purity of both lots was determined by elemental 
analysis, Karl Fischer water analysis, titration 
under nitrogen in n-butylamine of the two sul- 
fonamide groups with 0.1 N sodium methoxide 
dissolved in toluene, thin-layer chromatogra- 
phy, and high-performance liquid chromatogra- 
phy. Thin-layer chromatographic analysis was 
performed on silica gel plates with visualization 
at 254 nm, under visible light, and with four 

consecutive spray reagents: concentrated hydro- 
chloric acid followed by heat a t  100" C for 10 
minutes (lot no. M3153 only), 1%sodium nitrite 
in 1% sulfuric acid, 5% aqueous ammonium sul- 
famate, and 1% N-(1-naphthyl)-ethylenedia-
mine dihydrochloride in 80% acetone. The two 
solvent systems used included ethyl acetate: 
toluene (80:20) (system 1)or isopropyl alcohol: 
concentrated ammonium hydroxide (80:20) (sys-
tem 2). High-performance liquid chromatog- 
raphy was performed with a pBondapak Cl8 
column, detection a t  280 nm, and a solvent sys- 
tem of aqueous 1%acetic acid:l% acetic acid in 
methanol. A solvent ratio of 80:20 was used for 
lot no. M3153, and ratios of 1OO:O (system 1)and 
80:20 (system 2) were used for lot no. U-2975. 

Cumulative data indicated that lot no. U-2975 
was greater than 98% pure and consistent with 
USP specifications. Results of elemental analy- 
sis of carbon, hydrogen, nitrogen, chlorine, and 
sulfur agreed with the theoretical values. Water 
content was 0.33%. Titration of the two sul- 
fonamide groups indicated a dry weight purity of 
99.1%. Thin-layer chromatography by system 1 
indicated one trace and one slight trace im- 
purity; system 2 did not detect any impurities. 
High-performance liquid chromatography, sys- 
tem 1,detected two impurities with a combined 
area 0.07% of the major peak area; system 2 de-
tected four impurities with a combined area 
1.59% of the major peak area. 

Cumulative data indicated that lot no. M3153 
was greater than 98% pure and consistent with 
USP specifications. Results of elemental analy- 
sis of carbon, hydrogen, nitrogen, and chlorine 

TABLE 1. IDENTITY AND SOURCE OF HYDROCHLOROTHIAZIDE USED IN THE FEED STUDIES 

Fifteen-Day First Thirteen- Second Thirteen- One-Year Two-year 

Studies Week Studies Week Studies Studies Studies 


Lot Numbers 
(1-2975 U-2975 U-2975 U-2975 	 U-2975;M3153 


Date of Initial Use 
m g m  4/15/80 1/6/81 10/13/81 	 U-2975--10/9/81;


M3153--12/19/82 


Supplier 
Ciba Pharmaceutical Ciba Pharmaceutical Ciba Pharmaceutical Ciba Pharmaceutical Ciba Pharmaceutical 
Co. (Summit,NJ )  Co. (Summit, N J )  Co. (Summit, NJ)  Co. (Summit, NJ)  Co. (Summit, NJ) 
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II. MATERIALS AND METHODS 


agreed with the theoretical values; sulfur was 
high. Water content was 0.29%. Titration of the 
two sulfonamide groups indicated a dry weight 
purity of 98.4%. Thin-layer chromatography by 
both systems indicated only the major spot.
High-performance liquid chromatography de-
tected one impurity with a n  area 1.3% of the 
major peak area. 

Major peak comparison of the two lots by high- 
performance liquid chromatography with a 
68:32 solvent ratio indicated that the hydrochlo- 
rothiazide content of both lots of the study ma- 
terial was identical. 

Stability studies monitored by high-performance 
liquid chromatography, with the same column 
as described before but with a 70:30 solvent ra- 
tio, indicated that hydrochlorothiazide is stable 
as the bulk chemical when stored protected from 
light for a t  least 2 weeks at temperatures up to 
60°C.  Periodic reanalysis of the bulk chemical 
by infrared spectroscopy, high-performance liq- 
uid chromatography, titration in n-butylamine 
with sodium methoxide, and other methods such 
as nuclear magnetic resonance or ultraviolet 

spectroscopy indicated no notable degradation of 
the bulk chemical during the studies. 

PREPARATION AND 
CHARACTERIZATION OF 
FORMULATED DIETS 

FormuIated diets were made by preparing a hy-
drochlorothiazidelfeed premix by hand and 
blending with feed in a twin-shell blender for 15 
minutes (Table 2). Formulated diets a t  a concen- 
tration of 1,010 ppm were shown to be stable for 
2 weeks in the dark 2t 5" C , but losses of 6% a t  
25" C and 23.5% a t  45°C occurred. Losses 
equivalent to 10% of the target concentrations of 
hydrochlorothiazide in formulated diets after 7 
days under animal room conditions were ob- 
served a t  the study laboratory. As a result, feed 
was replaced twice per week during the 13-week, 
1-year, and 2-year studies. 

Periodic analysis of formulated diet mixtures of 
hydrochlorothiazide was conducted at the study 
laboratory and the analytical chemistry labora- 
tory. Feed samples were extracted with aceto- 
nitrile: hydrochloric acid (99:l ) )and extracts 
were analyzed by high-performance liquid 

TABLE 2. PREPARATION AND STORAGE OF FORMULATED DIETS IN THE FEED STUDIES OF 
HYDROCHLOROTHIAZIDE 

Fifteen-Day 
Studies 

Firs t  Thirteen- 
Week Studies 

Second Thirteen- 
Week Studies 

One-Year 
Studies 

Two-year  
Studies 

Preparation
E'remix prepared by
weighing chemical into 
a beaker and mixing 

Same as  15-d studies 
except either an 8-qt 
or 16-qt blender used 

Same as  first 13-wk 
studies 

Same as  15-d studies 
except a 1-ft3 blender 
used 

Same as  1-ystudies 

with an equal amount 
of feed; additional feed 
was added until one- 
third of the feed was 
used. Premix was mixed 
with remaining feed in 
an 8-qttwin-shellV 
blender for 5 min with 
the intensifier bar fol- 
lowed by 10 min without 
the intensifier bar 

Maximum Storage Time 
14 d 14 d 14d 24 d 24 d 

Storage Conditions 
4" C or 5"C in the dark 5"C in the dark 5"C in the dark 5°C in the dark 5" C in the dark 
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chromatography with a Waters RCM-100 Cl8 
column, a solvent system of 1% aqueous acetic 
acid: 1% acetic acid in acetonitrile (75:25), and 
ultraviolet detection a t  280 nm. The method 
was  modified during the studies by using centri-
Sugation to clarify the extract, and the detection 
wavelength was changed to 265 nm. 

Formulated diets were analyzed once during the 
first 13-week studies and three times during the 
second 13-week studies. The homogeneity of for- 
mulated diet preparations was determined with 
samples taken from different locations within 

the blender. The results ranged from 92% to 
107% of the target concentrations (Table 3). 
During the 2-year studies, the formulated diets 
were analyzed a t  approximately 8-week inter- 
vals. Because 65/67 formulated diets analyzed 
were within f10% of the target concentrations, 
the diets were estimated to have been formu- 
lated within specifications 97% of the time 
throughout the 2-year studies (Table 4). Referee 
analyses were performed periodically by the 
analytical chemistry laboratory. Good agree- 
ment was generally found between the study 
and analytical chemistry laboratories (Table 5). 

TABLE 3. RESULTS OF ANALYSIS OF FORMULATED DIETS IN THE THIRTEEN-WEEK FEED 
STUDIES OF HYDROCHLOROTHIAZIDE 

Concentration of Hydrochlorothiazide 
in Feed (ppm) 

Date Mixed Target Determined (a) 

04/10/80 3,125 
3,125 
3,125 

50,000 
50,000 
50,000 

(b)3,345 
(c)3,227 
(d)3.194 

(b)52,703 
(c)46,596 
(d)46,353 

3,125 3,305 
6,250 6,465 

12,500 12,793 
25,000 24,350 

1211 8/80 
50,000 

1,000 
53,572 

974 
2,000 1,916 

01/05/81 

4,000 
4,000 
4,000 

250 

(d)3,806 
(b)3,823 
(c)3,960 

241 

0211818 1 

250 
250 
500 
250 

(d)258 
(b)243 
(c)524 

256 
500 518 

1,000 973 
2,000 1,837 
4,000 3874 

(a)Results of duplicate analysis 
(b)Sample taken from upper left section ofblender 
(c)Sample taken from upper right section ofblender 
(d)Sample taken from bottom of blender 

Determined as a 
Percent of Target 

107 
103 
102 
105 
93 
93 

106 
103 
102 
97 

107 
97 
96 
95 
96 
99 
96 

103 
97 

105 
102 
104 
97 
92 
97 
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TABLE 4. RESULTS OF ANALYSIS O F  FORMULATED DIETS IN THE TWO-YEAR FEED STUDIES O F  
HYDROCHLOROTHIAZIDE 

Concentration of Hydrochlorothiazide in Feed for Target 
Concentration (ppm) (a) 

Date Mixed 250 500 2,000 2,500 5,000 

1.0/01/8 239 1,847 2,297 (b)4,2411 458 

12/02/81 251 501 1,982 2,430 4,866 

02/10/82 231 472 2,132 2,711 5,034 

08/07/82 236 448 1,934 2,402 4,644 
06/16/82 249 483 (c)1,792 2,297 4,627 _ _  (d)1,922 -- -. 
08/11/82 (e)181 473 2,080 2,570 4,860

_- _ _  _ _  _.08/15/82 (0258 
10/06/82 (c)156 (c)475 (c)2,080 ( c )2,610 (c)4,970 

(d)232 (d)519 (d)1,990 (d)2,530 (d)5,070 
12101182 249 505 1,990 2,360 4,920
0Ill2/83 233 480 1,880 _ _  --
02/23/83 241 502 1,960 2,520 5,000
04/06/83 241 478 1,910 _ _  _ _  
05/04/83 242 508 2,010 _ _  -_  
06/15/83 250 504 1,946 2,446 4,721
07/28/83 228 479 2,011 _ _  _ _  
09/07/83 260 550 2,130 2,696 5,264 

Meau (ppm) 238 491 1,982 2,478 4,841 
Standard deviation 18.0 25.7 83.3 142.6 275.7 
Coefficientofvariation (percent) 7.6 5.2 4.2 5.8 5.7 
Range (ppm) 18 1-260 448-550 1,847-2,132 2,297-2,711 4,241-5,264 
Number ofsamples 15 15 15 1 1  11 

(a)Resultsof duplicate analysis 
(b)Out of specifications; used in the studies. 
(cl Sample reanalyzed; not included in the mean. 
(d)Resultsof reanalysis; included in the mean. 
(e)Out of specifications; not used in the studies. 
(0Remix; not included in the mean. 

TABLE 5. RESULTS O F  REFEREE ANALYSIS O F  FORMULATED DIETS IN THE TWO-YEAR FEED 
STUDIES O F  HYDROCHLOROTHIAZIDE 

Determined Concentration (ppm) 
Target Concentration Study Referee 

Date Mixed (Ppm) Laboratory (a) Laboratory (b) 

1010 118 1 250 239 180 
06/16/82 250 249 253 
12/01/82 500 505 491 
05/04/83 2,000 2,010 2,060 

(a) Results of duplicate analysis 
(b)Results of triplicate analysis 
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II. MATERIALS AND METHODS 


FIFTEEN-DAY STUDIES 

Male and female F344/N rats and B6C3F1 mice 
were obtained from Charles River Breeding Lab- 
oratories. Rats were 6-7 weeks old when placed 
on study, and mice were 6-8 weeks old. Groups 
of five males and five females were fed diets con- 
taining 0, 3,125, 6,250, 12,500, 25,000, or 50,000 
ppm hydrochlorothiazide for 15 consecutive 
days. Rats and mice were observed twice per day 
and were weighed on days 0 , 7 , and 14. Clinical 
signs were recorded once per day. Feed con- 
sumption was measured after 7 and 14 days. A 
necropsy was performed on all animals. A par- 
tial histopathologic examination was performed 
on animals in the 50,000-ppm groups. Details of 
animal maintenance and tissues examined are 
presented in Table 6. 

FIRST THIRTEEN-WEEK STUDIES 

‘rhirteen-week studies were conducted to evalu- 
ate the cumulative toxic effects of repeated expo- 
sure to hydrochlorothiazide and to determine the 
concentrations to be used in the 2-year studies. 

Four-week-old male and female F344/N rats and 
!5- to 6-week-old male and female B6C3F1 mice 
were obtained from Charles River Breeding Lab- 
oratories and observed for 20 days (rats) or 19 
days (mice). Animals were distributed to weight 
classes and assigned to cages and then to groups 
according to tables of random numbers. Groups 
of 10 males and 10 females were fed diets con- 
taining 0,3,125,6,250, 12,500,25,000, or 50,000 
ppm hydrochlorothiazide. 

Animals were housed five per cage. Formulated 
or control diets and water were available ad libi- 
tum. Further experimental details are summa- 
rized in Table 6. 

Animals were observed twice per day; moribund 
animals were killed. Feed consumption was 
measured twice per week. Individual animal 
weights were recorded once per week. At the 
end of the 13-week studies,  survivors were 
killed. A necropsy was performed on all animals 
except those excessively autolyzed or canni- 
balized. Tissues and groups examined histo- 
Xogically are listed in Table 6. 

SECOND THIRTEEN-WEEK STUDIES 

A second set of thirteen-week studies was con- 
ducted to assess the cumulative toxic effects of 
repeated exposure to hydrochlorothiazide a t  
lower doses than were used in the first 13-week 
studies and to determine the concentrations to 
be used in the 2-year studies. 

Six- to eight-week-old male and female F344/N 
rats were obtained from Charles River Breeding 
Laboratories, observed for 25 days, and distribu- 
ted to weight classes. Animals were assigned to 
cages and then to groups. according to tables of 
random numbers. Groups of 10 animals of each 
sex received diets containing 0, 250, 500, 1,000, 
2,000, or 4,000 ppm hydrochlorothiazide. 

Animals were housed five per cage. Formulated 
or control diets and water were available ad libi- 
tum. Further experimental details are summa- 
rized in Table 6. 

At the end of the 13-week studies, survivors 
were killed. A necropsy was performed on all 
animals except those excessively autolyzed or 
cannibalized. Histopathologic examinations 
were performed on control and high dose groups. 
Liver weights were determined a t  necropsy. Tis- 
sues examined are listed in Table 6. 

ONE-YEAR STUDIES 

One-year studies were conducted to evaluate 
toxic effects and to determine if hydrochlorothi-
azide interfered with blood clotting. Four- to 
five-week-old male and female F344/N rats were 
obtained from Charles River Breeding Labora- 
tories, observed for 20 days, and distributed to 
weight classes. Animals were assigned to cages 
and then to groups according to tables of random 
numbers. Groups of 10 animals of each sex re- 
ceived diets containing 0,250, 500, or 2,000 ppm 
hydrochlorothiazide for 52 weeks. Animals were 
housed five per cage. Formulated or control di- 
ets and water were available ad libitum. Fur-
ther experimental details are summarized in Ta- 
ble 6. 

All animals were observed once per day and 
weighed once per week for 13weeks and once per 
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TABLE 6. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS I N  THE FEED STUDIES OF 
HYDROCHLOROTHIAZIDE 

-.-

Fifteen-Day
Studies 

First Thirteen-
Week Studies 

Second Thirteen- 
Week Studies 

One-Year 
Studies 

Two-year 
Studies 

~ 

EXPERIMENTAL DESIGN 

Size of Study Groups 
5 males and 5 females 10 males and 10 females 10 male and 10 female 10male and 10female 50 males and 50 fe-
of each species of each species rats rata males of each species 

Doses 
0,3,125,6,250,12,500, 
25,000,or 50,000 ppm 
hydrochlorothiazide 
in feed 

Same as  15-d studies 0,250,500,1,000, 
2,000, or 4,000 ppm 
hydrochlorothiazide 
in feed 

0,250,500,or 2,000 ppm Rats--O,250,500, or 
hydrochlorothiazide 2,000 ppm hydro- 
in feed chlorothiazide in feed; 

mice--0,2,500, or 
5,000 ppm 

Date of First Dose 
8/29/79 Rats--4/16/80; 

mice--4/15/80 
116181 10113181 Rats--10/13/81; 

mice- 1019181 

Date of Last Dose 
9/12/79 Rats--7/16/80;

mice--7/15/80 
417181 10/12/82- 10/15/82 Rats-2,000 ppm, 

10/18/83;500 ppm,
10/21/83; 250 ppm, 
10124183; mice--5,000 
ppm, 10/4/83; 2,500 
ppm, 10/7/83 

Duration of Dosing
15consecutive d 13 wk 13 wk 52 wk Rats--105-106 wk; 

mice-103-104 wk 

Type a n d  Frequency of Observation 
Observed 2 X d; weighed 
initially and 1 X wk weighed initially and 
thereafter; feed con- 

Observed 2 X d; 

1 X wk thereafter; feed 
studies 
Same as  first 13-wk Observed 1 X d; 

weighed initially, 1 X 
wk for 13 wk, and then 

Same as  I-y studies 

sumption measured 
1. X wk 

consumption measured 
2 X wk 

1 X mo; feed consump- 
tion measured 1wWmo 

Necropsy, Histologic Examinations, a n d  Supplemental Studies 
Necropsy performed on Necropsy performed on Necropsy performed 
all animals; kidneys and 
thymus examined histo- ing tissues were ex- tissues examined 
logically for high dose amined histologically histologically for 
rats and kidneys, liver, for animals dying before control and high dose 
pancreas, and spleen the scheduled kill, all groups were the same 
emmined for high dose controls, all high dose a s  in 13-wk studies. 

all animals; the follow- on all animals; the 
Necropsy and histologic 
exams performed on 
all animals; the follow-
ing tissues were ex- 
amined: adrenal glands, 
brain, cecum, colon, 
duodenum, epididymis/ 

Necropsy performed 
on all animals; the fol- 
lowing tissues exam- 
ined histologically for 
animals that died be- 
fore week 90, control 
and high dose groups, 

inice 	 rats, all high dose fe- Kidneys examined in seminal vesicledpros- and male rat  250- and 
male mice, and 25,000- the 250-, 500-, 1,000-, tateltestes or ovaries/ 500-ppm groups: same 
ppm male mice: adrenal and 2,000-ppm groups. uterus, esophagus, eyes as  1-y studies except 
glands, brain, colon, Liver weights re- (if grossly abnormal), that the gallbladder 
esophagus, eyes (if corded a t  necropsy gross lesions and tis- was examined in mice 
grossly abnormal), fe- sue masses with re- and vertebrae and pre- 
mur or sternebrae or gional lymph nodes, putial and clitoral 
vertebrae including mar- heart, ileum, jejunum, glands were examined 
row, gallbladder (mice), kidneys, liver, lungs in rats only. Epididy- 
gross lesions and tissue and mainstem bronchi, mis and preputial or 
masses, heart, kidneys, mammary gland, man- clitoral glands were 
liver, lungs and main- dibular and mesenteric saved after 4/9/82. 
stem bronchi, mammary lymph nodes, nasal cav- Adrenal glands, bone, 
gland, mandibular or ity and turbinates, pan- kidneys, liver, mam- 
mesenteric lymph nodes, creas, parathyroids, pi- mary gland, nasal 
pancreas, parathyroids, tuitary gland,preputial cavity, pancreas, 
pituitary gland, pros- or clitoral gland, rec- parathyroids, pitui- 
tatekestes or ovaries/ tum, salivary glands, tary gland, thyroid 
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TABLE 6. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS IN THE FEED STUDIES O F  
HYDROCHLOROTHIAZIDE (Continued) 


Fifteen-Day First  Thirteen- Second Thirteen- One-Year Two-year 

Studies Week Studies Week Studies Studies Studies 


Necropsy, HiaklogiG Examinations, and Supplemental Studies (Continued) 
uterus, salivary glands, skin, spleen, sternebrae gland, trachea, and 
skin, small intestine, and vertebrae includ- uterus examined from 
spinal cord (if neu- ing marrow, stomach, 250- and 500-ppm fe- 
rologic signs present), thymus, thyroid gland, male rat  groups; adre- 
spleen, stomach, thymus, trachea, and urinary nal glands, bone mar- 
thyroid gland, trachea, bladder. Blood for he- row, gross lesions, kid- 
and urinary bladder. matologic analysis and neys, liver, salivary 
Kidneys examined in the plasma clotting time and glands, spleen, and 
3,125-, 6,250-, 12,500-, bone marrow smears testes examined for 
and 25,000-ppm groups taken a t  necropsy the 2,500-ppm group 
of male rats; urinary of male mice; gross 
bladder examined in the lesions, heart, kid- 
25,000-ppm groups of neys, pituitary gland, 
rats; bone marrow, kid- and uterus examined 
neys, and urinary blad- for the 2,500-ppm 
der examined in the group of female mice 
3,125-,6,250-, and 
12,500-ppm groups of 
mice and in the 
25,000-ppm group of 
female mice 

ANIMALS AND ANIMAL MAINTENANCE 

Strain and  Species 
F344/N rats; 	 F344/N rats; F344/N rats F344/N rats F3444/N rats; 
B6C3F1 mice 	 B6C3F1 mice B6C3F1 mice 

Animal Source 
Charles River 	 Charles River Charles River Charles River Charles River 
Breeding Laboratories 	 Breeding Laboratories Breeding Laboratories Breeding Laboratories Breeding Laboratories 
(Portage, MI) 	 (Portage, MI) (Portage, MI) (Portage, MI) (Portage, MI) 

Study Laboratory 
SRI International SRI International SRI International SRI International SRI International 

Method of Animal Identification 
Ear punch Ear clip Ear clip Ear punch Ear punch 

Time Held Before Study 
13d Rats-20 d; mice--19d 25 d 20 d Rats-20 d; mice--16d 

Age When Placed on  Study 
Rats--6-7 wk; 	 Rats-7 wk; 6-8 wk 7-8 wk 7-8 wk 
mice-6-8 wk 	 mice--8-9 wk 

Age When Killed 
R a t s 4 9  wk; Rats--20 wk; 19-21 wk 59-60 wk 113-114 wk 
mice--8-10 wk 	 mice-21-22 wk 

Necropsy Dates 
9/13/79 Rats--7/17/80; 41818 1 1011 2/82-1011 5/82 Rats- 10/25/83- 

mice--7/16/80 11/4/83; mice-- 
1011 1183- 10/2 1/83 

Method of Animal Distribution 
Assigned from weight 	 Animals distributed to Same as  first 13-wk Same as first 13-wk Same as  first 13-wk 
classes to groups 	 weight classes and then studies studies studies 
according to a table 	 assigned to cages by one 
of random numbers 	 table of random numbers 

and to groups by another 
table of random numbers 
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TABLE 6. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS IN THE FEED STUDIES O F  
HYDROCHLOROTHIAZIDE (Continued) 

Fifteen-Day First  Thirteen- Second Thirteen- 
Studies Week Studies Week Studies 

ANIMALS AND ANIMAL MAINTENANCE (Continued) 

Feed 
Rodent Laboratory 
Chow 5001" (Ralston" 
Purina Co., St. Louis, 
MO); available ad 
libitum 

Bedding 
Hardwood chips 

(Pressed Wood, Inc.) 


Water 

Automatic watering sys-

tem (Systems Engineer- 

ing, Napa, CA, and SRI 

International, Menlo 

Park, CA); deionized, 

filtered, UV-sterilized 

cit.y water available ad 

libitum 


Cages 

Drawer-type polycar- 

bonate (Lab Products, 

Inc., Rochelle Park, NJ) 


Cage Filters 

Nonwoven polyester 

(Lab Products, 

Rochelle Park, NJ, or 

Research Equipment 

Co., Rryan, TX) 


Animals per  Cage 

5 

NIH 07 Rat and Mouse Same as  15-d studies 

Ration (Zeigler Bros., 

Inc., Gardners, PA); 

available ad libitum 


Ab-Sorb-Dri (Lab Same as  first 13-wk 

Products, Inc., studies 

Rochelle Park, NJ) 


Same as  15-d studies Same as 15-d studies 

Same a 15-d studies Same as  15-d studies 

Nonwoven polyester Same as  first 13-wk 
(Lab Products, studies 
Rochelle Park, NJ) 

5 5 

Other Chemicals on Study in  the Same Room 
None None None 

Animal Room Environment 
Ternp--68'-78.8' F 
hum--50%-65%; 
fluorescent light 12 
Wd; 12-15 room air 
changes/h 

Temp--70"-76" F; Temp--72'-76' F; 
h ~ - - 4 1 % - 7 2 % ;  hum-369645%; 
fluorescent light fluorescent light 
12 Wd; 13 room air 12 Wd; 13room air 
changes/h changes/h 

One-Year 
Studies 

Same as first 13-wk 
studies 

Same as first 13-wk 
studies 

Same as  15-d studies 

Sam a 15-d studies 

Nonwoven fiber filters 
(Snow Filtration, 
Cincinnati, OH) 

5 

None 

Temp-mean 73.6" F, 
range 64"-78'F; 
hum-mean, 50.8% 
(range, 20%-82%); 
fluorescent light 12 Wd; 
11-17 room air 
changes/h 

Two-year
Studies 

Same as first 13-wk 
studies 

Same as  first 13-wk 
studies 

Same as 15-d studies 

Same as 15-d studies 

Same as  l-y studies 

5 

None 

Rats--temp: mean, 
73.7' F (range, 64'- 
80' F); hum: mean, 
52.0% (range, 20%- 
89%); fluorescent 
light 12 Wd; 11-17 
room air  changes/h; 
mice--temp: mean, 
74.2' F (range, 66'- 
8O'F); hum: mean, 
53.9% (range, 20%-
93%); fluorescent light 
12Wd; 13.5-18room 
air changes/h 
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II. MATERIALS AND METHODS 


month thereafter. Clinical observations were re- 
corded once per week for the first 13 weeks of the 
studies and once per month thereafter. Feed 
consumption was measured once per month, 
Animals surviving to the end of the studies were 
humanely killed. A necropsy and histologic ex- 
amination were performed on all animals. Tis-
sues examined are listed in Table 6. 

Blood was collected from the heart of rats before 
death and examined for differential blood count 
and erythrocyte morphology. Plasma for clot- 
ting studies was obtained from cardiac blood. 
Bone marrow was removed from the femur with- 
in 10 minutes of killing the animal. Smears 
were prepared, fixed, and then stained with 
Wright’s and Giemsa stains. 

Plasma for clotting studies was frozen in a dry 
ice-methanol bath and mailed frozen to the NTP. 
The samples were thawed and analyzed for pro- 
thrombin time, activated partial thromboplastin 
time, and fibrinogen content according to meth- 
ods described in Appendix I .  

TWO-YEAR STUDIES 

Study Design 

Diets containing 0, 250, 500, or 2,000 ppm hy- 
drochlorothiazide were fed to groups of 50 male 
and 50 female rats for 105-106 weeks. Diets con- 
taining 0, 2,500, or 5,000 ppm hydrochloro- 
thiazide were fed to groups of 50 male and 50 fe- 
male mice for 103-104 weeks. 

Source ‘and Specifications of Animals 

The male and female F344/N rats and B6C3F1 
(C57BL/6N, female X C3H/HeN MTV-, male) 
mice used in these studies were produced under 
strict barrier conditions a t  Charles River Breed- 
ing Laboratories under a contract to the Carci- 
nogenesis Program. Breeding stock for the foun- 
dation colonies at  the  production faci l i ty  
originated a t  the National Institutes of Health 
Repository. Animals shipped for study were 
progeny of defined microflora-associated parents 
that were transferred from isolators to barrier- 
maintained rooms. Rats were shipped to the 
study laboratory a t  4-5 weeks of age and mice a t  
5-6 weeks of age. Rats were quarantined at the 

study laboratory for 20 days and mice for 16 
days. Thereafter, a complete necropsy was per- 
formed on five animals of each sex and species to 
assess their health status. The rodents were 
placed on study a t  7-8 weeks of age. The health 
of the animals was monitored during the course 
of the studies according to the protocols of the 
NTP Sentinel Animal Program (Appendix E). 

Animal Maintenance 

Animals were housed five per cage. Feed and 
water were available ad libitum. Cages were not 
rotated during the studies. Further details of 
animal maintenance are given in Table 6. 

Clinical Examinations and Pathology 

All animals were observed once per day, and 
clinical signs were recorded a t  least once per 
month. Body weights were recorded once per 
week for the first 13 weeks of the studies and 
once per month thereafter. Mean body weights 
were calculated for each group. Animals found 
moribund and those surviving to the end of the 
studies were humanely killed. A necropsy was 
performed on all animals including those found 
dead, unless they were excessively autolyzed or 
cannibalized, missexed, or missing. Thus, the 
number of animals from which particular organs 
or tissues were examined microscopically varies 
and is not necessarily equal to the number of an- 
imals that were placed on study. 

During necropsy, all organs and tissues were ex- 
amined for grossly visible lesions. Tissues were 
preserved in 10% neutral buffered formalin, em- 
bedded in paraffin, sectioned, and stained with 
hematoxylin and eosin. Histopathologic exami- 
nation of tissues of female rats and of mice of 
each sex was performed according to the “in- 
verse pyramid” design (McConnell, 1983a,b). 
That is, complete histopathologic examinations 
(Table 6) were performed on all high dose and 
control animals and on lower dose animals dying 
through month 21 of the study. In addition, his- 
topathologic examinations were performed on 
all grossly visible lesions in all dose groups. Po-
tential target organs for chemically related neo- 
plastic and nonneoplastic effects were identified 
from the short-term studies or the literature and 
were de te rmined  by e x a m i n a t i o n  of t h e  
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II. MATERIALS AND METHODS 


pathology data; these target organs/tissues in  
the lower dose groups were examined histopath- 
ologically, If mortality in the highest dose group 
exceeded that in the control group by 15%, com- 
plete histopathologic examinations were per- 
formed on all animals in the second highest dose 
group in addition to those in the high dose group. 

When the pathology evaluation was completed, 
the slides, paraffin blocks, and residual wet tis- 
sues were sent to the NTP Archives for inven- 
tory, slide/block match, and wet tissue audit. 
The slides, individual animal data records, and 
pathology tables were sent to a n  independent 
quality assessment laboratory. The individual 
animal records and tables were compared for ac-
curacy, slides and tissue counts were verified, 
and histotechnique was evaluated. All tumor di- 
agnoses, all target tissues, and all tissues from a 
randomly selected 10% of the animals were eval- 
uated by a quality assessment pathologist. The 
quality assessment report and slides were sub- 
mitted to the Pathology Working Group (PWG) 
Chairperson, who reviewed all target tissues 
and those about which there was a disagreement 
between the laboratory and quality assessment 
pathologists. 

Representative slides selected by the Chairper- 
son were reviewed by the PWG without knowl- 
edge of previously rendered diagnoses. When 
the consensus diagnosis of the PWG differed 
from that of the laboratory pathologist, the labo- 
ratory pathologist was asked to reconsider the 
original diagnosis. This procedure has been de- 
scribed, in part, by Maronpot and  Boorman 
(1982) and Boorman et al. (1985). The final di- 
agnoses represent a consensus of contractor pa- 
thologists and the NTP Pathology Working 
Group. For subsequent analysis of pathology 
data, the diagnosed lesions for each tissue type 
are  combined according to the guidelines of 
McConnell et al. (1986). 

Slides/tissues are generally not evaluated in a 
blind fashion (i.e., without knowledge of dose 
group) unless the lesions in question are subtle 
or unless there is an inconsistent diagnosis of le-
sions by the laboratory pathologist. Nonneo-
plastic lesions are not examined routinely by the 
quality assessment pathologist or PWG unless 

they are considered part of the toxic effect of the 
chemical. 

Statistical Methods 

Data Recording: Data on this experiment were 
recorded in the Carcinogenesis Bioassay Data 
System (Linhart et al., 1974). The data elements 
include descriptive information on the chem- 
icals, animals, experimental design, survival, 
body weight, and individual pathology results, 
a s  recommended by the International Union 
Against Cancer (Berenblum, 1969). 

Survival Analyses: The probability of survival 
was estimated by the product-limit procedure of 
Kaplan and Meier (1958) and is presented in the 
form of graphs. Animals were censored from the 
survival analyses a t  the time they were found to 
be missing or dead from other than natural  
causes; animals dying from natural causes were 
not censored. Statistical analyses for a possible 
dose-related effect on survival used the method 
of Cox (1972) for testing two groups for equality 
and Tarone’s (1975) life table test for a dose-re-
lated trend. When significant survival differ- 
ences were detected, additional analyses using 
these procedures were carried out to determine 
the time point at which significant differences in 
the survival curves were first detected. All re- 
ported P values for the survival analysis a re  
two-sided. 

Calculation of Incidence: The incidence of neo- 
plastic or nonneoplastic lesions is given as  the 
ratio of the number of animals bearing such le- 
sions a t  a specific anatomic site to the number of 
animals in which that site was examined. In 
most instances, the denominators include only 
those animals for which the site was examined 
histologically. However, when macroscopic ex- 
amination was required to detect lesions (e.g., 
skin or mammary tumors) prior to histologic 
sampling, or when lesions could have appeared 
a t  multiple sites (e.g., lymphomas), the denomi- 
nators consist of the number of animals on which 
a necropsy was performed. 

Analysis of Tumor Incidence: Three statistical 
methods are used to analyze tumor incidence 
data: life table tests, incidental tumor analysis, 
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and Fisher exact/Cochran-Armitage trend anal- 
yses. Tests of significance include pairwise com- 
parisons of high dose, mid dose, and low dose 
groups with controls and tests for overall dose- 
response trends. For studies in which adminis- 
tration of the study compound has little effect on 
survival, the results of the three alternative 
anaIyses will generally be similar. When dif-
fering results are obtained by the three methods, 
the final interpretation of the data will depend 
on the extent to which the tumor under consid- 
eration is regarded as being the cause of death. 
Continuity-corrected tests are used in the analy- 
sisof tumor incidence, and reported P values are 
one-sided. The procedures described below also 
were used to evaluate selected nonneoplastic 
lesions. 

Life Table Analyses--The first method of analy- 
sis assumed that all tumors of a given type ob- 
served in animals dying before the end of the 
study were “fatal”; i.e., they either directly or in- 
directly caused the death of the animal. Accord- 
ing to this approach, the proportions of tumor- 
bearing animals in the dosed and control groups 
were compared a t  each point in time a t  which an 
animal died with a tumor of interest. The de- 
nominators of these proportions were the total 
number of animals a t  risk in each group. These 
results, including the data from animals killed 
a t  the end of the study, were then combined by 
the Mantel-Haenszel method (1959) to obtain an 
overall P value. This method of adjusting for in- 
tercurrent mortality is the life table method of 
Cox (1972) and of Tarone (1975). The under- 
lying variable considered by this analysis is time 
to death due to tumor. If the tumor is rapidly 
lethal, then time to death due to tumor closely 
approximates time to tumor onset. In this case, 
the life table test also provides a comparison of 
the time-specific tumor incidences. 

Incidental Tumor Analyses--The second method 
of analysis assumed that all tumors of a given 
type observed in animals that died before the 
end of the study were “incidental”; i.e., they 
were merely observed a t  necropsy in animals dy- 
ing of an unrelated cause. According to this ap- 
proach, the proportions of tumor-bearing ani- 
mals in dosed and control groups were compared 
in each of five time intervals: weeks 0-52, weeks 

53-78, weeks 79-92, week 93 to the week before 
the terminal-kill period, and the terminal-kill 
period. The denominators of these proportions 
were the number of animals actually examined 
for tumors during the time interval. The indi- 
vidual time interval comparisons were then 
combined by the previously described method to 
obtain a single overall result. (See Haseman, 
1984, for the computational details  of both 
methods.) 

Fisher ExactJCochran-Armitage Trend Analy- 
ses--In addition to survival-adjusted methods, 
the results of the Fisher exact test for pairwise 
comparisons and the Cochran-Armitage linear 
trend test (Armitage, 1971; Gart et al., 1979) are 
given in the appendixes containing the analyses 
of tumor incidence. These two tests are based on 
the overall proportion of tumor-bearing animals 
and do not adjust for survival differences. 

Historical Control Data: Although the concur- 
rent control group is always the first and most 
appropriate control group used for evaluation, 
there are certain instances in which historical 
control data can be helpful in the overall assess- 
ment of tumor incidence. Consequently, control 
tumor incidences from the NTP historical con- 
trol data base (Haseman et al., 1984, 1985) are 
included for those tumors appearing to show 
compound-related effects. 

GENETIC TOXICOLOGY 

Salmonella Protocol: Testing was performed as 
reported by Ames et al. (1975) with modifica- 
tions listed below and described in greater detail 
by Mortelmans et al. (1986). Chemicals were 
sent to the laboratories as coded aliquots from 
Radian Corporation (Austin, Texas). The study 
chemical was incubated with the Salmonella 
typhimurium tester  s t ra ins  (TA98, TA100, 
TA1535, and TA1537) either in b&er or S9 mix 
(metabolic activation enzymes and cofactors 
from Aroclor 1254-induced male Sprague Daw- 
ley rat  or Syrian hamster liver) for 20 minutes a t  
37” C before the addition of soft agar  supple- 
mented with L-histidine and D-biotin and subse- 
quent plating on minimal glucose agar plates. 
Incubation was continued for an additional 48 
hours. 
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Chemicals were tested in a series (four strains 
used) or in a hierarchy (initial testing in TA98 
and TA100; if results were negative, then the 
chemical was  tested fur ther  i n  addi t ional  
strains). If all results were negative, the chem- 
ical was retested in all strains with a different 
concentration of S9. 

Each test consisted of triplicate plates of concur- 
rent positive and negative controls and of a t  
least five doses of the study chemical. The high 
dose was limited by toxicity or solubility but did 
not exceed 10 mg/plate. All negative assays 
were repeated, and all positive assays were re- 
peated under the conditions that  elicited the 
positive response. 

A positive response was defined as  a reproduci- 
ble, dose-related increase in histidine-indepen- 
dent (revertant) colonies in any one straidacti- 
vation combination. An equivocal response was 
defined a s  an increase in revertants which was 
not dose related, not reproducible, or of insuffi- 
cient magnitude to support a determination of 
mutagenicity. A response was considered nega- 
tive when no increase in revertant colonies was 
observed after chemical treatment. 

Mouse Lymphoma Protocol: The experimental 
protocol is presented in detail by Myhr et al. 
(1985) and follows the basic format of Clive et al. 
(1979). All study chemicals were supplied a s  
coded aliquots from Radian Corporation (Austin, 
‘Texas). The highest dose of the study compound 
was determined by solubility or toxicity and did 
not exceed 5 mg/ml. Mouse lymphoma L5178Y 
cells were maintained a t  37” C as  suspension cul- 
tures in Fischer’s medium supplemented with 2 
mM L-glutamine, 110 pg/ml sodium pyruvate, 
0.05% p h o n i c  F68, antibiotics, and heat-inac- 
tivated horse serum; normal cycling time was 
about 10 hours. To reduce the number of sponta- 
neously occurring trifluorothymidine (Tftl-resis- 
tant cells, subcultures were exposed once to me- 
dium containing thymidine,  hypoxanthine,  
methotrexate, and glycine for 1 day, to thymi- 
dine, hypoxanthine, and glycine for 1day, and to 
normal medium for 3-5 days. For cloning, horse 
serum content was increased and Noble agar 
was added. Freshly prepared S9 metabolic ac- 
tivation factors were obtained from the liver of 

either Aroclor 1254-induced or noninduced male 
F344 rats. 

All doses within an experiment, including con- 
current positive and solvent controls, were repli- 
cated. Treated cultures contained 6 X 10“ cells 
in 10 ml of medium. This volume included the 
S9 fraction in those experiments performed with 
metabolic activation. Incubation with the study 
chemical continued for 4 hours, after which time 
the medium plus chemical was removed and the 
cells were resuspended in 20 ml of fresh medium 
and incubated for an additional 2 days to express 
the mutant phenotype. Cell density was moni- 
tored so that log phase growth was maintained. 
After the 48-hour expression period, 3 X lo6 
cells were plated in medium and soft agar sup- 
plemented with Tft for selection of Tft-resistant 
cells (TK”’), and 600 cells were plated in non- 
selective medium and soft agar to determine 
cloning efficiency. Plates were incubated a t  
37°C: under 5% carbon dioxide for 10-12 days, 
All data were evaluated statistically for both 
trend and peak response. Both responses had to 
be significant (P<0.05) for a chemical to be con- 
sidered capable of inducing Tft resistance; a sin- 
gle significant response led to a “equivocal” con- 
clusion, and the absence of both a trend and a 
peak response resulted in a “negative” call. 

Minimum criteria for accepting an  experiment 
as  valid and a detailed description of the statis- 
tical analysis and data evaluation are presented 
in Myhr et al. (1985). This assay was initially 
performed without S9; if a clearly positive re- 
sponse was not obtained, the experiment was re- 
peated with induced S9. 

Chinese Hamster Ovary Cytogenetics Assays: 
Testing was performed as  reported by Galloway 
et al. (1985,1987) and is described briefly below. 
Chemicals were sent to the laboratories as coded 
aliquots from Radian Corporation (Austin,  
Texas). Chemicals were tested in cultured Chi- 
nese hamster ovary (CHO) cells for induction of 
sister chromatid exchanges (SCEs) and chromo- 
somal aberrations both in the presence and ab- 
sence of Aroclor 1254-induced male Sprague 
Dawley rat  liver S9 and cofactor mix. Cultures 
were handled under gold lights to prevent pho- 
tolysis of bromodeoxyuridine (BrdU)-substituted 
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DNA. Each test consisted of concurrent solvent 
and positive controls and of at least three doses 
of the study chemical; the high dose was limited 
by toxicity or solubility but did not exceed 5 
mg/ml. 

In the SCE test without S9,CHO cells were 
incubated for 26 hours with the study chemical 
in McCoy’s 5A medium supplemented with 10% 
fetal bovine serum, L-glutamine (2 mM), and an- 
tibiotics. BrdU was added 2 hours after culture 
initiation. After 26 hours, the medium contain- 
ing the study chemical was removed and re- 
placed with fresh medium plus BrdU and col- 
cemid, and incubation was continued for 2 more 
hours. Cells were then harvested by mitotic 
shake-off, fixed, and stained with Hoechst 33258 
and Giemsa. In the SCE test with S9,cells were 
incubated with the chemical, serum-free me- 
dium, and S9 for 2 hours. The medium was then 
removed and replaced with medium containing 
BrdU and no study chemical; incubation pro- 
ceeded for an additional 26 hours, with colcemid 
present for the final 2 hours. Harvesting and 
staining were the same as for cells t reated 
without S9. 

In the chromosomal aberration test without S9, 
cells were incubated in McCoy’s 5A medium 
with the study chemical for 8 hours; colcemid 
was added, and incubation was continued for 2 
hours. The cells were then harvested by mitotic 
shake-off, fixed, and stained with Giemsa. For 
the chromosomal aberration test with S9,cells 
were treated with the study chemical and S9 for 
2 hours, after which the treatment medium was 
removed and the cells were incubated for 10 
hours in fresh medium, with colcemid present 
for the final 2 hours. Cells were harvested in the 
same manner as for the treatment without S9. 

For the SCE test, if significant chemical-induced 
cell cycle delay was seen, incubation time was 
lengthened to ensure a sufficient number of 
scorable cells. The harvest time for the chromo- 
somal aberration test was based on the cell cycle 
information obtained in  the SCE test; if cell 
cycle delay was anticipated, the incubation peri- 
od was extended approximately 5 hours. 

Cells were selected for scoring on the basis of 
good morphology and completeness of karyotype 

(21 k 2 chromosomes). All slides were scored 
blind, and those from a single test were read by 
the same person. For the SCE test, 50 second-
division metaphase cells were usually scored for 
frequency of SCEs per cell from each dose; 100 
first-division metaphase cells were scored a t  
each dose for the chromosomal aberration test. 
Classes of aberrations included simple (breaks 
and terminal deletions), complex (rearrange- 
ments and translocations), and other (pulverized 
cells, despiralized chromosomes, and cells con- 
taining 10 or more aberrations). 

Statistical analyses were conducted on both the 
slopes of the dose-response curves and the indi- 
vidual dose points. An SCE frequency 20% 
above the concurrent solvent control value was 
chosen as  a statistically conservative positive re- 
sponse. The probability of this level of difference 
occurring by chance a t  one dose point is less than 
0.01; the probability for such a chance occur- 
rence a t  two dose points is less than 0.001. Chro-
mosomal aberration data are presented as per-
centage of cells with aberrations. As with SCEs, 
both the dose-response curve and individual dose 
points were statistically analyzed. A statistical- 
ly significant (P<0.003) trend test or a signifi- 
cantly increased dose point (P<0.05) was suffi-
cient to indicate a chemical effect. 

Drosophila Protocol: The assays for gene muta- 
tion and chromosomal translocation induction 
were performed as  described by Valencia et al. 
(1985). Study chemicals were supplied as  coded 
aliquots from Radian Corporation (Austin,  
Texas). Initially, study chemicals were assayed 
in the sex-linked recessive lethal (SLRL) test by 
feeding to adult Canton-S wild-type males that 
were no more than 24 hours old. If no response 
was obtained, the chemical was retested by in- 
jection into adult males. If either route of ad- 
ministration produced a positive resul t ,  the  
chemical was assayed for induction of reciprocal 
translocations (RTs) by using the same method 
of exposure. If, because of the physical nature of 
the chemical, feeding experiments were not pos- 
sible, injection was selected a s  the method of 
study chemical administration, and a positive 
result was followed by an  RT test. 

Toxicity tests attempted to set concentrations of 
study chemical a t  a level that  would produce 
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30% mortality after 72 hours of feeding or 24 
hours after injection, while keeping induced ste- 
rility a t  an acceptable level. For the SLRL test, 
exposure by feeding was done by allowing Can- 
ton-S males (10-20 flies per vial) to feed for 72 
hours on a solution of the study chemical in 5% 
sucrose. In the injection experiments, 24- to 72-
hour-old Canton-S males were given a solution 
of the chemical dissolved in 0.7% saline or pea- 
nut oil and allowed 24 hours to recover. Exposed 
males were mated to three Basc females for 3 
days and given fresh females a t  2-day intervals 
to produce three matings of 3, 2, and 2 days; 
sample sperm from successive matings were 
treated a s  successively ear l ier  postmeiotic 
stages. F1 heterozygous females were allowed to 
mate with their siblings and then were placed in 
individual vials. F1 daughters from the same 
parental male were kept together to identify 
clusters. (A cluster occurs when a number of 
mutants from a given male result from a single 
spontaneous premeiotic mutation event and is 
identified when the number of mutants from 
that male exceeds the number predicted by a 
Poisson distribution.) If a cluster was identified, 
all data from the male in question were dis- 
carded. After 17 days, presumptive lethal muta- 
tions were identified as  vials containing no wild- 
type males; these were retested. At least two ex- 
periments were performed for each study chemi- 
cal, resulting in the testing of some 5,000 treated 
and 5,000 control chromosomes. The only excep- 
tions occurred when the results of the first ex- 
periment were clearly positive (induced fre- 
quency of recessive lethal mutations equal to or 
greater than 1%); then, the second trial was run. 

Recessive lethal data were analyzed by the 

normal test (Margolin et al., 1983).A test result 
was considered to be positive if the P value was 
less than 0.01 and the mutation frequency in the 
tested group was greater than 0.10% or if the P 
value was less than 0.05 and the frequency in 
the treatment group was greater than 0.15%. A 
test was considered to be inconclusive if (a)the P 
value was between 0.05 and 0.01 but the fre- 
quency in  the treatment group was between 
0.10% and 0.15% or (b) the frequency in  the 
treatment group was greater than 0.10%but the 
P value was between 0.10 and 0.05. A result was 
considered to be negative if the P value was 
greater than 0.10or if the frequency in the treat-
ment group was less than 0.10%. 

For the RT test, the exposure regimen was the 
same as  that for the SLRL test except that small 
mass matings were used (10 males and 20 fe-
males). Exposed males were mated to bw;st or 
bw;e females for 3 days and discarded. The fe- 
males were transferred to fresh medium every 3-
4days for a period of about 3weeks to produce a 
total of six broods. The results of the SLRL test 
were used to narrow the germ-cell stage most 
likely to be affected by the chemical; for exam- 
ple, if earlier germ-cell stages seemed to exhibit 
increased sensitivity, mating of the males was 
continued and translocation tests were carried 
out from the offspring derived from these earlier 
germ cell stages. F1 males were mated indi- 
vidually to bw;st females and the progeny were 
examined for missing classes, which indicate the 
occurrence of a translocation in the parental 
male. Suspected RTs were retested. The trans- 
location data were analyzed according to the 
conditional binomial (Kastenbaum and Bow- 
man, 1970). 
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III. RESULTS: RATS 

FIFTEEN-DAY STUDIES 

All rats lived to the end of the studies (Table 7). 
Body weight gains of male rats receiving diets 
containing 25,000 or 50,000ppm hydrochlorothi- 
azide were lower than that of controls; body 
weight gains of females did not appear to be re-
lated to compound exposure. Feed consumption 

by rats administered 25,000or 50,000 ppm dur- 
ing week 1 was lower than that by controls. 
Thymic hemorrhage of slight-to-moderate sever- 
ity was observed grossly in dosed rats (3/5males 
and 2/5females a t  50,000 ppm; 2/5males and 115 
females a t  25,000ppm; 1/5males and 1/5fe-
males at 12,500ppm). 

TABLE 7. SURVIVAL, MEAN BODY WEIGHTS, AND FEED CONSUMPTION OF RATS IN THE 
FIFTEEN-DAY FEED STUDIES OF HYDROCHLOROTHIAZIDE 

Mean Body Weight (grams) Final Weight Relative Feed Con- 
Concentration Survival Initial (b) Final Change (c) to Controls sumption (d)

(ppm) (a) (percent) Week 1 Week 2 

MALE 

0 5/5 151 f 5 198 f 9 +47 f 9 13.4 14.9 
3,125 5/5 143 f 2 188 f 4 +45 f 4 95 13.8 14.1 
6,250 5/5 141 f 7 186 k 6 +45 f 2 94 13.2 14.4 

12,500 5/5 136 f 9 182 & 5 +46 f 7 92 13.8 12.7 
25,000 5/5 145 f 2 182 f 5 +37 f 3 92 11.9 15.3 
50,000 5/5 (e)139 180 f 5 +41 91 8.5 15.5 

FEMALE 

0 5/5 117 f 3 140 f 4 +23 f 2 8.7 11.0 
3,125 515 107 f 2 130 f 2 +23 f 1 93 9.4 10.4 
6,250 5/5 114 f 5 124 f 4 +10 f 3 89 8.2 7.7 

12,500 5/5 111f 3 132 f 2 + 2 1 + 3  94 8.6 10.6 
25,000 5/5 110 f 1 129 f 2 +19 f 2 92 8.7 11.1 
50,000 5/5 106 f 3 128 f 1 +22 f 2 91 8.7 10.9 

(a)Number surviving/number initially in group 
(b)Initial group mean body weight f standard error of the mean 
(c) Mean body weight change of the group f standard error of the mean 
(d)Grams per animal per day; not corrected for scatter. 
(E!)Individual animal weights not reported for this group 
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FIRST THIRTEEN-WEEK STUDIES 

A11 rats lived to the end of the studies (Table 8) .  
The final mean body weights of dosed rats were 
7%-16%lower than those of the controls. Feed 
consumption was similar for dosed and control 
rats. No compound-related clinical signs were 
observed, and there was no evidence of wet bed- 
ding. Mineralization in the kidney was observed 
in all dosed rats; this was most prominent a t  the 
corticomedullary junction. The severity was 
dose related. Tubular cell degeneration and 
necrosis were observed in one male and five 

III. RESULTS: RATS 

females in the 50,000-ppm groups. 

White crystals were found in  the stomach of 
three males in the 6,250-ppm group and in one 
male in the 25,000-ppm group. The urinary 
bladder of one male in the 25,000-ppm group 
contained calculi. Similar calculi found in mice 
were  d e t e r m i n e d  to  be  r e l a t i v e l y  p u r e  
hydrochlorothiazide. 

Because a no-effect level for mineralization was 
not achieved, additional 13-week studies were 
conducted a t  lower dietary concentrations. 

TABLE 8. SURVIVAL, MEAN BODY WEIGHTS, AND FEED CONSUMPTION OF RATS IN THE FIRST 
THIRTEEN-WEEK FEED STUDIES OF HYDROCHLOROTHIAZIDE 

Mean Bods Weight (grams) Final Weight Relative Feed Con- 
Concentration Survival Initial (b) Final Change (c) to Controls sumDtion (d) 

(ppm) (a) (percent) Week 7 Week 13 

MALE 

0 10110 150 f 2 347 f 5 +197 f 5 17 16 

3,125 loll0 158 f 3 306 f 6 +148 f 4 88 16 15 

6,250 10/10 154f 3 303 f 4 +149 f 3 87 15 14 

12,500 10/10 155 f 4 303 f.4 +148 f 3 87 15 15 

25,000 10110 147 f 3 295 f 9 +148 f 7 85 15 14 

50,000 10110 153 f 3 293 f 3 +140 f 3 84 15 14 


FEMALE 

0 10110 115 f 2 193 f 2 +78 f 2 9 (e)6 
3,125 10/10 113 f 2  178 f 2 +65 f 2 92 8 9 
6,250 10110 117 f 2 180 k 4 +63 f 2 93 10 8 
12,500 10110 116 f 2 175 f 2 +59 f 1 91 9 9 

25,000 10/10 114 f 2 169 f 2 +55 f 3 88 10 9 

50,000 10/10 115 f 3 172 f 4 +57 f 2 89 9 8 


(a)Number surviving/number initially in group 
(b)Initial group mean body weight f standard error of the mean 
(c)Mean body weight change of the group f standard error ofthe mean 
(d)Gramsper animal per day; not corrected for scatter. 
(e)Bedding material mixed with feed; actual feed consumption probably greater. 
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SECOND THIRTEEN-WEEK STUDIES 

All rats lived to the end of the studies (Table 9). 
The final mean body weights of all dosed groups 
were 5%-10% lower than those of the controls. 
Feed consumption by dosed and control rats was 
similar. No clinical signs were considered chem- 
ically related. Liver weight to body weight ra- 
tios for dosed and control rats were comparable 
(Table 10). Mineralization in the kidney was 
seen in 4/10 males and 5/10 females a t  250 ppm, 
8/10 males and 8/10 females at 500 ppm, and 
lol l0  males and 10/10 females at 1,000, 2,000, 
and 4,000 ppm. The severity increased as  the 

dose increased. At the lowest dose, the severity 
was minimal to mild in rats of each sex. 

Dose Selection Rationale: Because of the inci- 
dence and severity of mineralization in the kid- 
ney, dietary concentrations selected for rats for 
the 1-year and 2-year studies were 250,500, and 
2,000 ppm hydrochlorothiazide. Three doses 
were selected because it could not be predicted if 
the mineralization seen at 250 and 500 ppm 
would exacerbate the nephropathy that occurs in 
aging F344 rats. If the mineralization in the 
kidney was not life threatening, the higher dose 
(2,000ppm) was considered appropriate. 

TABLE 9. SURVIVAL, MEAN BODY WEIGHTS, AND FEED CONSUMPTION OF RATS IN THE 
SECOND THIRTEEN-WEEK FEED STUDIES OF HYDROCHLOROTHIAZIDE 

Mean Body Weight (grams) Final Weight Relative Feed Con- 
Concentration Survival Initial (b) Final Change (c) to Controls sumption (d)

(ppm) (a) (percent) Week 7 Week 13 

MALE 

0 10/10 164f4 359 f 5 +195 f 4 17 18 

250 10/10 165f3 335 f 5 +170 f 4 93 17 17 

500 10110 162 f 2  322 f 6 +160 f 6 90 16 16 


1.000 10/10 163 f 3 330 f 7 +167 f 6 92 17 16 

2,000 10/10 161 f 3 327 f 4 +166 f 4 91 17 16 

4,000 10/10 166 f 3 340 f 6 +174 f 5 95 17 16 


FEMALE 

0 10110 127 f 1 210 k 2 +83 f 2 12 12 
250 10110 128 f 2  197 f 2 +69 f 1 94 12 11 
500 10/10 127 f 2  194 f 2 +67 f 2 92 12 11 

1,000 10/10 126f2 191 * 2 +65 k 2 91 12 10 
2,000 10/10 125f2 191 f 2 +66 f 2 91 11 11 
4,000 10/10 126f2 190 f 2 +64 k 2 90 1 1  11 

(a)Number surviving/number initially in group 
(b) Initial group mean body weight f standard error of the mean 
(c) Mean body weight change of the group f standard error of the mean 
(d)Grams per animal per day; not corrected for scatter. 
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TABLE 10. ANALYSIS OF LIVER WEIGHTS OF RATS IN THE SECOND THIRTEEN-WEEK FEED 

STUDIES OF HYDROCHLOROTHIAZIDE (a) 


Number Necropsy Liver WeighU 
Concentration Weighed Body Weight Liver Weight Necropsy Body Weight 

(ppm) (grams) (mg) (mg/@ 

MALE 

0 10 349 f 5.2 10,313f 264 29.6 f 0.54 

250 10 (b)323f 5.2 9,810f 208 30.3f 0.40 

500 10 (b)310 f 5.3 9,219f 349 29.7 f 0.79 


1,000 10 (b)316f 7.1 9,436f 384 29.9f 0.89 
2,000 10 (b)309 f 3.1 (c)9,090 f 161 29.4 f 0.44 
4,000 10 (b)323f 5.9 10,058f 339 31.1 f 0.74 

FEMALE 

0 10 200 f 2.1 6,878f 228 34.3 f 1.14 

250 10 (b) 186 k 1.7 (b)5,751f 213 31.0 f 1.12 

500 10 (b)185 f 2.3 (b)5,624f 215 30.5 f 1.16 


1,000 10 (b)181f 1.8 (c)5,894f 278 32.6 f 1.41 
2,000 10 (b) 177 f 2.0 (b)5,323f 234 30.0 f 1.20 
4,000 10 (b)177 f 2.0 (b)5,636f 256 31.9 f 1.34 

~~ 

(a)Mean f standard error; P values vs. the controls by Dunnett's test (Dunnett, 1955).
(b)P<O.O1 
(c)P<0.05 

ONE-YEAR STUDIES In addition to the 1female rat that  died in the 1-
year study group, 16 dosed female rats in the 2-

One of 10 females that received 2,000 ppm died year study groups died by week 52. No control 
before the end of the studies. This  animal  female rats died during this period. Of these 16 
showed evidence of hemorrhage in the stomach, rats, 11 showed evidence of internal hemor- 
duodenum, and pleural cavity and around the rhage. Because of this, blood-clotting tests were 
nose and mouth. Nephropathy occurred in dosed performed on the 1-year study animals (Ta- 
and control rats, but the average severity of this ble 12). Measures of prothrombin times and f i -
spontaneous disease was judged to be greater in brinogen content appeared similar to control 
dosed male and high dose female rats. Increased values in dosed male and female rats. Activated 
incidences of mild focal renal mineralization partial thromboplastin times were variable and 
were seen in mid and high dose male rats and appeared prolonged for certain dosed male rats 
dosed female rats. No compound-related hema- and were unchanged for dosed female rats. No 
tologic effects were observed (Table 11). statistically significant changes in  activated 

partial thromboplastin times were noted. 
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TABLE 11. ANALYSISOF HEMATOLOGIC DATA FOR RATS IN THE ONE-YEAR FEED STUDIES OF 
HYDROCHLOROTHIAZIDE (a) 

Concentration (mm)
0 a50 500 

MALE 

Number examined 9 9 9 

Erythrocytes (lO~/mm3) 7.94 f 0.062 8.07 f 0.096 8.02 f 0.083 
Hemoglobin (g/dl) 14.4 f 0.20 14.6 f 0.22 14.7 f 0.22 
Hematocrit (percent) 40.6 f 0.24 41.2 f 0.52 41.4 f 0.44 
Mean corpuscular volume (p3) 51.4 f 0.47 51.2 f 0.15 51.9 f 0.26 
Meancorpuscular hemoglobin (pg) 18.3 f 0.24 18.2 f 0.15 18.2 f 0.15 
Mean corpuscular hemoglobin 
concentration (percent) 35.3 f 0.37 35.6 f 0.18 35.6 f 0.24 

Platelets (1,OOO/mm3) 472 f 64.7 534 f 26.2 521 f 31.5 
Leukocytes (1 ,OOO/mm3) 2.9 f 0.43 2.8 f 0.29 3.8 f 0.60 
Segmented neutrophils (percent) 28.1 f 3.01 20.7 f 1.79 29.9 f 2.75 
Bands (percent) 0.2 f 0.15 0.0 f 0.00 0.0 f 0.00 
Lymphocytes (percent) 69.7 f 2.98 76.9 f 1.80 66.8 f 3.20 
Monocytes (percent) 1.6 f 0.34 1.7 f 0.41 2.4 f 0.65 
Eosinophils (percent) 0.4 f 0.34 0.8 f 0.32 0.9 f 0.39 

FEMALE 

Number examined (b) 10 9 7 

Erythrocytes (1Oo/mm3) 7.07 f 0.260 7.65 f 0.098 7.32 f 0.091 
Hemoglobin (g/dl) 13.9 f 0.44 14.7 f 0.17 14.5 f 0.12 
Hematocrit (percent) 38.8 f 1.50 41.4 f 0.40 40.3 f 0.46 
Mean corpuscular volume ( 3 )  54.9 f 0.18 54.3 f 0.58 55.3 f 0.29 
Meancorpuscular hemoglobin (pg) 19.9 f 0.18 (d19.1 f 0.26 19.9 f 0.14 
Mean corpuscular hemoglobin 
concentration (percent) 36.1 f 0.35 35.4 f 0.18 36.1 f 0.26 

Platelets (1 ,OOO/mm3) (d)436 f 56.3 533 f 34.8 332 f 86.3 
Leukocytes (1,OOO/mm3) 1.9 f 0.13 2.1 f 0.29 (e)2.2 f 0.27 
Segmented neutrophils (percent) 17.4 f 2.01 23.0 f 1.44 21.3 f 3.98 
Bands (percent) 0.0 f 0.00 0.1 f 0.11 0.1 f 0.14 
Lymphocytes (percent) 79.7 f 2.26 74.4 f 1.92 76.6 f 4.19 
Monocytes (percent) 1.3 f 0.45 1.9 f 0.61 1.9 f 0.40 
Eosinophils (percent) 1.5 f 0.43 0.7 f 0.24 (d0.1 f 0.14 

(a)Mean f standard error; Pvalues vs. the controls by Dunnett’s test (Dunnett, 1955). 
(b)Except as noted 
(c)P<0.05 
(d)Nine animals were examined. 
(e)One value recorded as <1but used as 1.0for statistical calculations 

2,000 

8 

7.93 f 0.168 
14.5 f 0.29 
41.4 f 0.707 
52.4 f 0.33 
18.1 f 0.12 

35.0 f 0.19 
458 f 28.9 
3.5 f 0.46 

21.9 f 2.99 
0.1 f 0.12 

75.0 f 3.18 
2.1 f 0.45 
1.0 f 0.25 

6 

7.46 f 0.168 
14.6 f 0.29 
41.3 f 0.96 
55.3 f 0.21 
19.7 f 0.21 

35.3 f 0.21 
385 f 53.7 
2.2 f 0.15 

21.2 f 2.37 
0.2 f 0.17 

76.3 f 2.75 
1.5 f 0.72 
0.8 f 0.31 
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TABLE 12. ANALYSIS OF BLOOD CLOTTING TESTS FOR RATS IN THE ONE-YEAR FEED STUDIES 
OF HYDROCHLOROTHIAZIDE (a) 

Number Prothrombin Activated Partial Fibrinogen

Concentration Examined Time Thromboplastin Time Concentration 


(ppm) (seconds) (seconds) (mg/dl) 


MALE 

0 10 15.1 f0.13 30.5 f 1.18 215 f 5.3 
250 8 15.4 f 0.19 51.7 f 9.91 222 F 8.1 
500 7 15.5 f0.26 51.1 f. 7.91 222 f 4.6 

2,000 6 15.5 f 0.30 44.2 f 10.60 218 f. 12.9 

FEMALE 

0 8 14.1 f0.19 36.5 f 3.05 159 f 3.0 
250 6 13.2 f 0.31 40.4 f 5.44 147 f 6.1 
500 6 14.2 -+ 0.25 41.9 f 5.04 164 f 6.7 

2,000 5 14.3 f0.54 33.2 k 5.30 171 f 8.0 

(a)Mean f standard error; no significant differencesvs. the controls by Dunnett’s test (Dunnett, 1955). 

TWO-YEAR STUDIES 	 consumption per rat by low, mid, and high dose 
rats was 89%, 92%, or 90% that by the controls Body Weights, Feed Consumption, and for males and 92%, 94%, or 93% for females (Ta- Clinical Signs bles F1 and F2). The average amount of hydro- -

Mean body weights of dosed male rats were 9%- chlorothiazide consumed per day was approxi- 
21% lower than those of controls after week 1 mately 10, 21, or 82 mg/kg for low, mid, or high 
(Table 13 and Figure 3). Mean body weights of dose male rats and 12,24, or 96 mg/kg for low, 
dosed female rats were 8%-25% lower than those mid, or high dose female rats. NO compound-
of controls after week 3. The average daily feed related clinical signs were observed. 
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TABLE 13. MEAN BODY WEIGHTS AND SURVIVAL OF RATS IN THE TWO-YEAR FEED STUDIES OF 
HYDROCHLOROTHIAZIDE 

Weekr 
on 

Study 

control 
Av.Wt. No.of 
( g r u s )  Survivorr 

Av.wt 
(grams) 

250 DDm
Wt(percent
of controls) 

No. of 
Survivors 

AV. Wt. 
(grams) 

500 DDm
Wt.(percent
of control) 

No. of 
Survivors 

AV. Wt. 
(grams) 

2.000 DDm 
Wt. (percent
of control) 

No. of 
Survivors 

MALE 

0 178 50 179 101 50 178 100 50 177 99 50 
L 215 50 196 91 50 194 90 50 190 88 50 
2 245 50 219 69 50 217 89 50 212 87 50 
3 270 50 241 89 50 240 89 50 238 88 50 
4 289 50 260 90 50 259 90 50 257 89 50 
5 305 50 273 90 50 271 89 50 269 88 50 
6 319 50 284 89 50 282 88 50 281 88 50 
7 333 50 296 89 50 293 88 50 293 88 50 
8 345 50 307 89 50 303 88 50 304 88 50 
9 354 50 315 89 50 313 88 50 315 89 50 

10 363 50 323 89 50 320 86 50 322 89 50 
11 373 50 331 89 50 326 87 50 330 88 50 
12 377 50 333 88 50 326 86 50 331 88 50 
13 384 50 339 88 50 334 87 50 337 88 50 
15 398 50 350 88 50 342 86 50 347 87 50 
19 419 50 367 88 50 362 86 50 363 87 50 
23 437 49 377 86 50 371 85 50 374 86 50 
27 452 49 394 87 50 388 86 49 390 86 50 
31 467 49 405 87 50 401 86 49 404 87 50 
36 476 49 414 87 50 408 86 49 413 87 50 
39 489 49 419 87 50 414 86 49 417 86 50 
44 490 49 428 87 50 421 86 49 424 87 50 
49 500 49 434 87 50 43 1 86 49 433 87 50 
53 507 49 447 88 50 443 87 49 444 88 50 
57 513 49 450 88 50 445 87 49 442 86 50 
81 516 49 453 88 50 448 87 49 453 88 50 
87 518 48 451 87 50 446 86 49 454 88 49 
71 518 47 435 84 50 442 85 49 452 87 47 
75 514 46 4 4  87 47 440 86 47 451 88 45 
79 508 46 440 87 44 432 85 47 440 87 44 
a3 503 43 429 85 43 423 84 46 437 87 42 
87 496 38 421 85 40 416 84 40 423 85 41 
91 482 35 414 86 37 418 87 31 398 83 39 
96 467 31 893 84 31 390 84 24 388 83 30 
99 461 26 379 82 27 383 83 19 378 82 28 

109 458 21 380 79 23 381 a3 13 370 81 17 

FEMALE 

0 135 50 133 99 50 133 99 50 134 99 50 
1 150 50 140 93 50 138 92 50 138 92 50 
2 181 50 149 93 50 148 92 50 146 91 50 
3 173 50 160 92 50 160 92 50 156 90 50 
4 182 50 167 92 50 168 92 50 166 91 50 
5 189 50 173 92 50 174 92 50 112 91 50 
6 195 50 177 91 50 179 92 50 176 90 50 
7 201 50 182 91 50 183 91 50 161 90 50 
8 205 50 187 91 50 187 91 50 186 91 50 
9 209 50 190 91 50 192 92 50 191 91 50 

10 212 50 193 91 50 195 92 50 192 91 50 
11 218 50 195 90 50 197 91 50 197 91 50 
12 216 50 193 89 50 195 90 50 195 90 50 
13 219 50 196 89 50 198 90 50 196 89 50 
15 228 50 199 88 50 200 88 50 199 88 50 
19 232 50 207 89 50 207 89 50 205 88 50 
23 238 50 208 87 50 208 87 48 206 87 50 
27 247 50 218 87 49 219 89 48 215 87 49 
31 256 50 221 86 49 224 88 48 223 87 48 
36 264 50 225 85 41 227 86 48 224 85 48 
39 270 50 228 84 47 229 85 47 227 64 48 
44 277 50 231 83 45 235 85 47 233 84 47 
49 290 50 240 83 43 242 83 47 240 83 47 
53 299 50 249 83 42 251 84 47 250 84 45 
57 314 50 252 80 41 258 82 47 253 81 45 
61 326 50 265 81 41 261 80 47 262 80 45 
67 338 50 277 82 41 282 83 46 275 81 44 
71 347 50 288 83 41 290 84 46 286 82 44 
75 356 49 300 84 41 300 84 44 296 83 44 
79 364 49 303 83 41 310 85 43 300 82 44 
a3 368 49 307 a4 41 307 84 43 306 84 42 
87 365 48 304 83 39 305 84 43 303 83 42 

' 91 365 46 295 81 38 303 83 40 299 82 40 
96 368 39 297 81 32 282 77 38 289 79 35 
W 385 37 290 79 30 283 78 35 287 79 34 

103 366 33 277 76 29 275 75 32 275 75 31 
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FIGURE 3. GROWTH CURVES FOR RATS FED DIETS CONTAINING 
HYDROCHLOROTHIAZIDE FOR TWO YEARS 
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III. RESULTS: RATS 

Survival 

Estimates of the probabilities of survival for 
male and female rats fed diets containing hydro- 
chlorothiazide a t  the concentrations used in 
these studies and for controls are shown in Ta-
ble 14 and in the Kaplan and Meier curves in 
Figure 4. No significant differences in survival 
were observed between any groups of either sex. 
The number of male rats that were killed in a 
moribund condition was very high in all groups 
compared with the number of male rats that died 
naturally. 

Pathology and Statistical Analyses of 
Results 

This section describes the statistically signifi- 
cant or biologically noteworthy changes in the 
incidences of rats with neoplastic or nonneo-
plastic lesions of the kidney, parathyroids, bone, 
multiple organs, Zymbal gland, hematopoietic 
system, lung, nasal cavity, brain, mammary 
gland, and uterus. 

Summaries of the incidences of neoplasms and 
nonneoplastic lesions, individual animal tumor 
diagnoses, statistical analyses of primary tu- 
mors that occurred with an incidence of a t  least 
5% in a t  least one animal group, and historical 
control incidences for the neoplasms mentioned 
in this section are presented in Appendixes A 
and B for male and female rats, respectively. 

TABLE 14. SURVIVAL OF RATS IN THE TWO-YEAR FEED STUDIES OF HYDROCHLOROTHIAZIDE 

MALE (a) 

Animals initially in study 
Natural deaths 
Moribund kills 
Animals surviving until study termination 
Survival P values (c) 

FEMALE (a) 

Animals initially in study 
Natural deaths 
Moribund kills 
Animals surviving until study termination 
S w i v a l  Pvalues (c) 
-
(a) Termination period: weeks 106-107 

Control 250 ppm 500 ppm 2,000 ppm 

50 50 50 50 
7 11 15 11 
25 28 28 28 
18 
0.471 

(b)16 
0.905 

(b)9 
0.114 

11 
0.386 

50 50 50 50 
9 16 7 10 

11 10 16 13 
(b)31 

0.714 
(b)25 

0.255 
(b)30 

0.785 
27 
0.467 

(b)Animals dying or killed in a moribund condition during the termination period were combined, for statistical purposes, 
with those killed a t  termination. 
(c)The result of the life table trend test is in the control column, and the results of the life table pairwise comparisons with the 
controls are in the dosed columns. 
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III. RESULTS: RATS 

Kidney: Chronic renal disease (nephropathy) 
was present in all groups of male and female 
rats, but the severity of nephropathy was in- 
creased in dosed groups relative to controls (Ta- 
ble 15). The nephropathy was characterized by 
degeneration and regeneration of tubular epi- 
thelium, tubular dilatation and atrophy, thick- 
ening of basement membranes,  glomerulo- 
sclerosis, and variable interstitial fibrosis and 
chronic inflammation. The incidences of cysts in 
the renal cortex and hyperplasia of the transi- 
tional epithelium overlying the renal pelvis 
were also increased in dosed rats. These changes 
occur in kidneys with more advanced nephropa- 
thy, and the increased incidences reflect the 
more severe renal disease observed in the dosed 
animals. Tubular cell adenomas were observed 
in 1/49mid dose and 1/50high dose female rats. 
The historical incidence of renal tubular cell 

neoplasms in untreated female F344/N ra t s  is 
411,928 (0.2%), and the highest observed inci- 
dence is 1/49. 

Parathyroids, Bone, and Multiple Organs: A 
spectrum of changes characteristic of renal sec- 
ondary hyperparathyroidism occurred in dosed 
rats. Parathyroid hyperplasia was observed a t  
increased incidences in dosed rats (male: con-
trol, 7/50; low dose, 20149;mid dose, 30150;high 
dose, 28/49;female: 0150; 12/47; 11/49; 10149). 
Fibrous osteodystrophy of the  bone was in-  
creased in dosed male and female rats  (male: 
2/50;18/49; 23/50; 22/50; female: 0150; 9/50; 
9/49; 5/50). Mineralization in multiple organs 
was observed a t  increased incidences in dosed 
rats (male: 1/50; 19/49; 26/50; 20/50; female: 
0150; 6/50; 6/49; 5/50). 

TABLE IS. NUMBERS OF RATS WITH SELECTED RENAL LESIONS IN THE TWO-YEAR FEED 

Lesion 

No. examined 

Nephropathy
Cysts
Mineralization, 

kidneyor multiple organs 
Epithelial hyperplasia of 

the renal pelvis 
Tubular cell hyperplasia 
Tubular cell adenoma 

STUDIES OF HYDROCHLOROTHIAZIDE 

0 
Male (ppm) 

250 500 2,000 0 
Female (ppm) 

250 900 2,000 

50 49 50 50 50 50 49 50 

50 49 50 50 47 42 44 47 
2 19 21 18 0 3 4 3 

1 19 27 27 10 40 39 40 

6 21 26 23 0 4 2 3 
0 0 1 0 0 0 0 0 
3 1 0 1 0 0 1 1 
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Zymbal Gland: Adenomas or carcinomas (com- 
bined) occurred in 1/50 control, 1/49low dose, 
2/50mid dose, and 4/50 high dose male rats (Ta- 
ble 16). The historical incidence of Zymbal 
gland neoplasms in untreated male F344/Nrats 
is 1911,936(1.0%),and the highest observed inci- 
dence is 4/50. 

Hematopoietic System: The incidence of mono-
nuclear cell leukemia in mid dose female rats  

III. RESULTS: RATS 

was significantly greater than that in the con- 
trols; the incidences of mononuclear cell leuke- 
mia in low and mid dose male rats were lower 
than that in controls (Table 17). 

Lung, Nasal Cavity, and Brain: The incidences 
of hemorrhage were increased in female rats in 
the lung (control, 1/50;low dose, 9/30;mid dose, 
4/26;high dose, 7/50),nasal cavity (0149;4/50; 
2/48; 2/49), and brain (0150; 1/14; 1/11;5/50). 

TABLE 16. ZYMBAL GLAND TUMORS IN MALE RATS IN THE TWO-YEAR FEED STUDY OF 

Adenoma 
Overall Rates 

Carcinoma 
Overall Rates 

Adenoma or Carcinoma (b)
Overall Rates 
Adjusted Rates 
Terminal Rates 
Week of First Observation 
Life Table Tests 
Incidental Tumor Tests 

HYDROCHLOROTHIAZIDE (a) 

Control 250 ppm 500 ppm 2,000 ppm 

0150 (0%) 0149 (0%) 1/50 (2%) 2/50 (4%) 

1/50(2%) 1/49(2%) 1/50 (2%) 2/50 (4%) 

1/50 (2%) 
2.9% 

1/49(2%) 
4.3% 

2/50 (4%) 
5.9% 

4/50 (8%) 
17.1% 

0118 (0%) 
93 

0116 (0%) 
103 

0/9 (0%) 
84 

111 1 (9%) 
71 

P=0.077 P =0.752N P=0.470 P=0.162 
P=0.122 P =0.725N P=0.607 P=0.259 

(a)The statistical analyses used are discussed in Section II (Statistical Methods) and Table A3 (footnotes). The estimated 
doses in milligrams per kilogram per day are given in Section III (Body Weights, Feed Consumption, and Clinical Signs) and 
in Appendix F. 
(b)Historical incidence in NTP studies (mean k SD): 1911,936(1%k 2%) 

TABLE 17. MONONUCLEAR CELL LEUKEMIA IN RATS IN THE TWO-YEAR FEED STUDIES OF 

MALE (a) 

Overall Rates 
Adjusted Rates 
Terminal Rates 
Week of First Observation 
Life Table Tests 
Incidental Tumor Tests 

FEMALE (b) 

Overall Rates 
Adjusted Rates 
Terminal Rates 
Week of First Observation 
Life Table Tests 
Incidental Tumor Tests 

HYDROCHLOROTHIAZIDE 

Control 250 ppm 300 Ppm 2,OOO ppm 

33/50 (66%) 
80.6% 

21/49 (43%) 
55.5% 

16/50 (32%) 
76.8% 

25/50 (50%) 
74.9% 

11/18 (61%) 
71 

4/16 (25%) 
71 

619 (67%)
79 

6/11 (55%) 
71 

P=0.464 P=0.062N P=0.086N P=0.350N 
P=0.430N P =O.Ol8N P=O.OOlN P=O.lOlN 

6/50 (12%) 
16.0% 

5/50 (10%) 
15.3% 

14/49 (29% 1 
36.7% 

10150 (20%) 
28.3% 

3/31(10%) 
86 

2/26 (8%) 
84 

7/29 (24%) 
72 

5/27 (19%) 
88 

P=0.185 P=0.619N P =0.036 P=0.161 
P =  0.170 P=0.625N P =0.041 P=0.144 

(a)Historical incidence of leukemia in NTP studies (mean fSD): 63611,936 (33% k 15%)
(b)Historical incidence of leukemia in NTP studies (mean -+ SD): 383/1,983 (19% f 7%) 
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III. RESULTS: RATS 

Mammary Gland: Fibroadenomas in female 
rats occurred with a significant negative trend; 
the incidences in the dosed groups were signifi- 
cantly lower than that in the controls (Table 18). 

Uterus: The incidence of endometrial stromal 
polyps in low dose female rats was significantly 
lower than that in controls (Table 19). 

TABLE 18. MAMMARY GLAND FIBROADENOMAS IN FEMALE RATS IN THE TWO-YEAR FEED 

Overall Rates 
AdjustedRates 
Terminal Rates 
Week of First Observation 
Life Table Testa 
Incidental Tumor Tests 

STUDY OF HYDROCHLOROTHIAZIDE (a) 

Control 250 ppm 500 Ppm 2,000 Ppm 

30/50 (60%) 
72.5% 

12/50 (24%) 
37.7% 

11/49 (22%) 
34.8% 

5/50 (10%) 
17.6% 

20/31(65%) 
87 

7/26 (27%) 
56 

9/29 (31%) 
92 

4/27 (15%) 
104 

P <0.001 N P=0.007N P<O.OOlN' P<O.OOl N 
P<O.OOlN P=0.003N P<0.001N P <0.001 N 

~~ ~~~ ~~~ 

(a) Historical incidence in NTP studies (mean f SD): 589/1,983 (30%k 10%) 


TABLE 19. UTERINE ENDOMETRIAL STROMAL POLYPS IN FEMALE RATS IN THE TWO-YEAR 


Overall Rates 
Adjusted Rates 
TerminalRates 
Week of First Observation 
Life Table Testa 
IncidentalTumorTests 

~ ~~~ 

FEED STUDY OF HYDROCHLOROTHIAZIDE (a) 

Control 250 ppm 500 ppm 2,000 ppm 

18/50 (36%) 
46.9% 

6/50 (12%) 
19.9% 

10/49 (20%) 
27.8% 

11/50 (22%) 
29.0% 

12/31 (39%) 
88 

4/26 (15%) 
50 

5/29 (17%) 
87 

4/27 (15%) 
66 

P=0.419N P=0.023N P=O. l l lN P=0.191N 
P= 0.384N P =0.009N P=0.141N P =0.165N 

~~~~~~~~~ ~~ 

(a)Historical incidence in NTP studies (mean fSD): 42011,966 (21% k 8%) 
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III. RESULTS: MICE 

FIFTEEN-DAYSTUDIES weights of dosed and control female mice were 
similar. Feed consumption by dosed mice was 

All mice lived to the end of the studies (Ta- similar to that by control mice. No compound-
ble20). The final mean body weights of male related clinicaI signs were observed. Calculi 
mice that received 6,250,12,500, 25,000, or were seen in the urinary bladder of 2/5 male and 
50,000 ppm were 13%, lo%, 11%, or 14% lower 215 female mice receiving 50,000 ppm and in 115 
than that of controls, The final mean body male and 1/5 female mice receiving 25,000 ppm. 

TABLE 20. SURVIVAL, MEAN BODY WEIGHTS, AND FEED CONSUMPTION OF MICE IN THE 
FIFTEEN-DAY FEED STUDIES OF HYDROCHLOROTHIAZIDE 

Concentration 
(ppm) 

Survival 
(a) 

Mean Body Weights @rams) 
Initial (b) Final Change (c) 

Final Weight Relative Feed Con- 
to Controls sumption (d) 

(percent) Week 1 Week2  

MALE 

0 515 25.6 f 1.6 30.0 f 0.7 +4.4f 1.0 4.5 3.9 
3,125 
6,250 

25,000 
50,000 

12,600 

515 
515 
515 
515 
515 

28.4 f 1.3 
25.8 f 1.0 
27.0 f 1.1 

23.2 f 1.5 
27.8 f 1.4 

28.6 f 0.9 
26.0 f 0.8 
27.0 f 1.3 

25.8 f 1.2 
26.6f 2.3 

+0.2 f0.7 
+0.2f0.2 
0.0f 0.3 

+2.6 f 1.9 
-1.2 f 1.0 

95.3 
86.7 
90.0 
88.7 
86.0 

4.5 
4.0 
4.7 
4.2 
4.2 

3.7 
4.1 
4.0 
3.6 
3.9 

FEMALE 

0 
3,125 
6,250 
12,500 
25,000
50,000 

515 
515 
515 
515 
515 
515 

20.0 f 0.7 
19.4f 0.4 
20.6 f 0.7 
19.4 f 0.2 
21.0 f 0.6 
21.0 f 0.5 

21.4 f 0.8 
20.6f 0.7 
21.2 f 0.7 
19.8 f0.6 
21.4f 0.5 
21.2 f 0.7 

+1.4 f 05 
+1.2 f 0.4 
+0.6 f 0.5 
+0.4 f 0.4 
+0.4 f 0.2 
+0.2f 0.5 

96.3 
99.1 
92.5 
100.0 
99.1 

4.2 
3.9 
4.2 
4.5 
4.2 
3.5 

3.2 
3.7 
3.2 
3.3 
3.2 
4.5 

(a)Number surviving/number initially in group
fb) Initial group mean body weight f standard error of the mean 
(c)Mean body weight change of the group +- standard error of the mean 
(d)Grams per animal per day; not corrected for scatter. 
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III. RESULTS: MICE 

THIRTEEN-WEEK STUDIES 

Seven of 10 males and 1/10 females that received 
50,000ppm hydrochlorothiazide, 2/10 males that 
received 25,000 ppm, 3/10 females that received 
12,500 ppm, and 1/10 males and 3/10 females 
that received 3,125 ppm died before the end of 
the studies (Table 21). Histopathologic evalua- 
tion of several of these animals was prevented by 
cannibalism and/or autolysis. Histopathologic 
evidence of pneumonia was found in several 
groups a t  the termination of the studies. The 
final mean body weights of mice that received 
50,000 ppm was 11% lower than those of controls 
for males and females. Feed consumption by 
dosed and control mice was comparable. Com-
pound-related effects included increased inci- 
dences of nephrosis (tubular cell degeneration 

and necrosis), gross observations of calculi in the 
urinary bladder, and inflammation and/or epi- 
thelial hyperplasia of the urinary bladder (Ta- 
ble 22). The calculi found in one urinary bladder 
were collected and analyzed and found to consist 
of relatively pure hydrochlorothiazide. Nephro- 
sis was characterized by tubular cell degenera- 
tion and necrosis. 

Dose Selection Rationale: Based on the inci- 
dence and severity of kidney and urinary blad- 
der lesions, dietary concentrations of hydrochlo- 
rothiazide selected for mice for the  2-year 
studies were 2,500 ppm and 5,000 ppm. Mor-
tality data were not used for dose selection be- 
cause of uncertainty concerning the possible con- 
tribution of pneumonia to the deaths observed at 
the lower doses. 

TABLE 21. SURVIVAL, MEAN BODY WEIGHTS, AND FEED CONSUMPTION OF MICE IN THE 
THIRTEEN-WEEK FEED STUDIES OF HYDROCHLOROTHIAZIDE 

Concentration Survival 
(ppm) (a) 

MALE 

0 
3,125
6,250 

10/10
(09/10
10110 

12,500
26,000 
50,000 

10110 
(g) 8/10
(h)3110 

FEMALE 

0 10110 
3,125 
6,250
12,500 
25,000 
50,000 

(i)7110 
10/10 

( j )7/10
loll0 

(k)9/10 

Mean Body Weights @rams) Final Weight Relative Feed Con- 
Initial (b) Final 

23.3 f 0.4 (e)31.6 f 1.0 

23.2 f 0.7 35.4 f 0.9 

23.4 f 0.5 35.5f 0.8 

22.6 f 0.5 34.1 f 0.9 

22.3 f 0.5 32.9 f 0.8 

23.7 f 0.5 28.0 f 1.3 


18.7f 0.4 27.1 f 0.6 

18.9 k 0.3 26.5 f 0.6 
19.0 f 0.4 26.8 f 0.6 

17.8 f 0.3 20.6 f 0.7 

19.0 f 0.3 24.7 f 0.7 

19.0 f 0.4 24.1 f 0.7 


Change (c) to Controls sumption (d) 
(percent) Week 7 Week 13 

+8.3 f 1.1 4.0 (e)2.3+12.0f 0.6 112.0 4.3 3.9 
+12.1 f 0.5 112.3 4.1 3.8
+11.5 f 0.5 107.9 4.1 3.9 
+10.3 f 0.9 104.1 4.2 4.2 
+4.0 f 0.8 88.6 3.2 3.8 

+8.4 f 0.4 3.7 3.7 
+7.5 k 0.4 97.8 3.6 3.9 
+7.8 f 0.5 98.9 3.7 3.5 
+3.0f 0.5 76.0 3.8 2.7 
+5.7f 0.5 91.1 3.4 3.6 
+5.2k 0.6 88.9 4.2 4.2 

(a)Number surviving/number initially in group 
(b)Initial group mean body weight f standard error of the mean. Subsequent calculations based on animals surviving to the 
end of the study. 
(c)Mean body weight change of the survivors k standard error of the mean 
(d)Grams per animal per day; not corrected for scatter. 
(e)An obstructed feeder during the last week of the study resulted in a loss of approximately 4.5g body weight for one cage of 
mice, accounting for the higher weight gain in the dosed groups. 
(f)Week of death: 7 
(g)Week ofdeath: all 12 
(h)Weekofdeath: 1,2,2,4,12,12,12 
(i 1 Week of death: all 8 
( j) Week of death: all 13 
(k)Week of death: 4 
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TABLE 22. INCIDENCES OF MICE WITH SELECTED LESIONS OF THE URINARY BLADDER AND 
KIDNEY IN THE THIRTEEN-WEEK FEED STUDIES OF HYDROCHLOROTHIAZIDE 

Male (ppm) 
Sitenesion 0 6,250 12,500 25,000 

Urinary bladder 
Calculi (a) 0/10 0110 3/10 2/10 
Inflammation and/or 
epithelial hyperplasia 0110 0110 3/10 218 

Kidney
Nephrosis 0110 0110 2/10 218 

(a)Gross observation 

TWO-YEAR STUDIES 

Body Weights, Feed Consumption, and 
Clinical Signs 

Mean body weights of dosed male mice were gen- 
erally within 5% of those of the controls (Ta- 
ble 23and Figure 5). Mean body weights of high 
,dose and control female mice were similar until 
week 92, after which the weights of the high 

Female ( m m )  

50,000 0 6,250 12,500 25,000 50,000 


7/10 0110 Of10 4/10 9/10 6/10 

213 0110 2/9 710 10110 6/9 

313 0/10 0110 5/8 9/10 9/9 

dose group were 5%-8% lower. The average 
daily feed consumption per mouse by low dose or 
high dose mice was 103% or 105% that by the 
controls for males and 103% or 100% for females 
(Tables F3 and F4). The average amount of hy- 
drochlorothiazide consumed per day was ap- 
proximately 265 or 550 mg/kg for low dose or 
high dose male mice and 300 or 600 mg/kg for 
low dose or high dose female mice. No com-
pound-related clinical signs were seen. 
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TABLE 23. MEAN BODY WEIGHTS AND SURVIVAL OF MICE IN THE TWO-YEAR FEED STUDIES OF 
HYDROCHLOROTHIAZIDE 

Weeks 
on 

Study 

MALE 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
16 
20 
24 
28 
32 
37 
40 
45 
49 
54 
58 
62 
68 
72 
76 
80 
84 
86 
92 
96 

100 
104 

FElMALE 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
16 
20 
24 
28 
32 
37 
40 
45 
49 
54 
58 
62 
68 
72 
76 
80 
84 
88 
92 
96 

100 
104 

Control 
Av. Wt. No. of Av. Wt. 

2,500 RRm 
Wt. (percent No. of Av. Wt. 

5,000 ppm 
Wt. (percent No. of 

(grams) Survivors (grams) of controls) Survivors (grams) of controls) Survivors 

21.5 50 21.5 100 50 21.0 98 50 
23.3 50 22.9 98 50 22.8 98 50 
24.5 50 24.0 98 50 24.0 98 50 
25.4 50 24.8 98 50 24.4 96 50 
26.4 50 26.0 98 50 25.4 96 50 
27.0 50 26.7 99 50 26.5 98 50 
28.2 50 27.5 98 50 27.4 97 50 
28.9 50 28.4 98 50 28.3 98 50 
29.8 50 29.1 98 50 28.8 97 50 
30.4 50 29.6 97 50 29.2 96 50 
30.9 50 30.0 97 50 29.8 96 50 
30.3 50 29.5 97 50 29.5 97 50 
30.7 50 29.8 97 50 29.2 95 50 
32.0 50 30.8 96 50 30.9 97 50 
32.8 50 31.5 96 50 31.6 96 50 
34.2 50 33.3 97 50 33.1 97 50 
35.5 50 34.8 98 50 35.0 99 50 
36.6 50 35.8 96 50 36.3 99 50 
37.3 50 36.8 99 50 37.8 101 50 
37.8 50 36.7 97 50 37.4 99 50 
37.7 50 37.5 99 50 37.7 100 50 
38.0 49 38.1 100 50 38.5 101 50 
38.1 47 38.6 101 50 39.2 103 50 
38.7 47 39.1 101 50 40.3 104 50 
39.0 47 38.8 99 50 40.2 103 49 
38.7 47 38.6 100 50 40.3 104 49 
39.6 47 39.4 99 48 40.1 101 49 
39.7 47 39.6 100 47 40.0 101 49 
39.9 47 39.8 100 46 39.8 100 49 
39.6 47 40.3 102 45 40.0 101 48 
39.1 46 40.1 103 45 38.5 96 46 
38.7 46 39.4 102 43 37.1 96 46 
39.0 46 39.7 102 43 37.2 95 45 
38.5 46 39.0 101 43 36.4 95 43 
37.2 45 38.6 104 43 36.6 98 43 
37.9 44 38.5 102 42 35.1 93 43 

17.9 50 18.2 102 50 17.6 98 50 
19.2 50 19.1 99 50 18.7 97 50 
19.8 50 19.8 100 50 19.3 97 50 
20.8 50 20.6 99 50 20.2 97 50 
21.4 50 21.5 100 50 21.0 98 50 
21.9 50 21.8 100 50 21.7 99 50 
22.4 50 22.5 100 50 22.3 100 50 
23.0 50 23.1 100 50 23.0 100 50 
23.5 50 23.6 100 50 23.2 99 50 
24.0 50 24.2 101 50 23.8 99 50 
24.7 50 24.7 100 50 24.0 97 50 
24.3 50 24.2 100 50 24.2 100 50 
24.6 50 24.2 98 50 24.2 98 50 
25.2 50 25.1 100 50 25.1 100 50 
25.8 50 25.1 97 50 25.2 98 50 
27.4 50 26.9 98 50 26.7 97 50 
26.5 50 28.4 100 50 28.0 98 49 
29.9 50 29.0 97 50 28.9 97 49 
30.4 50 30.4 100 50 30.5 100 49 
31.0 50 30.3 98 50 30.4 98 49 
31.3 50 31.2 100 50 31.3 100 49 
32.4 50 31.9 98 50 31.6 98 49 
33.8 50 33.3 99 50 32.9 97 49 
34.2 50 33.9 99 50 33.5 98 49 
35.1 49 34.9 99 50 34.1 97 49 
36.5 48 36.3 99 50 36.2 99 49 
38.9 48 38.5 99 50 38.7 99 49 
39.6 48 39.7 100 50 40.0 101 49 
41.4 48 40.6 98 50 40.2 97 49 
41.5 48 41.6 100 49 41.1 99 48 
41.5 48 41.0 99 48 41.3 100 45 
41.8 45 40.6 97 47 40.8 98 45 
41.3 44 39.1 95 45 39.4 95 43 
40.1 44 40.3 100 44 37.2 93 42 
39.5 42 38.7 98 43 36.4 92 39 
40.3 38 39.0 97 4 1  37.1 92 35 
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III. RESULTS: MICE

Survival

Estimates of the probabilities of survival for
male and female mice fed diets containing hy
drochlorothiazide at the concentrations used in
these studies and for controls are shown in Ta
ble 24 and in the Kaplan and Meier curves in
Figure 6. No significant differences in survival
were observed between any groups of either sex.

Pathology and Statistical Analyses of
Results

This section describes the statistically signifi
cant or biologically noteworthy changes in the
incidences of mice with neoplastic or nonneo
plastic lesions of the liver.

Summaries of the incidences of neoplasms and
nonneoplastic lesions, individual animal tumor
diagnoses, statistical analyses of primary tu
mors that occurred with an incidence of at least
5% in at least one animal group, and historical
control incidences for the neoplasms mentioned
in this section are presented in Appendixes C
and D for male and female mice, respectively.

TABLE 24. SURVIVAL OF MICE IN THE TWO-YEAR FEED STUDIES OF HYDROCHLOROTHIAZIDE

Control 2,500 ppm 5,000 ppm

MALE (a)

Animals initially in study
Natural deaths
Moribund kills
Animals missing
Animals surviving until study termination
Survival P values (b)

FEMALE (a)

Animals initially in study
Natural deaths
Moribund kills
Animals surviving until study termination
Survival P values (b)

50
5
2
0

43
1.000

50
10
3

(c)38
0.529

50
4
3
1

42
0.982

50
6
5

(c)40
0.786

50
2
5
0

43
1.000

50
11
4

35
0.602

(a) Termination period: weeks 105-106
(b) The result of the life table trend test is in the control column, and the results of the life table pairwise comparisons with the
controls are in the dosed columns.
(c) Animals dying or killed in a moribund condition during the termination period were combined, for statistical purposes,
with those killed at termination.
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III. RESULTS: MICE 

Liver: Hepatocellular adenomas and hepatocel- eosinophilic, or vacuolated than the adjoining 
lular adenomas or carcinomas (combined) in tissue. Hepatocellular carcinomas usually ex- 
male mice occurred with significant positive hibited a more heterogenous growth pattern 
trends; the incidences in the high dose group than did the adenomas and often contained 
were significantly greater than those in the con- areas  in which the neoplastic cells were a r -
trols (Table 25). Hepatocellular adenomas gen- ranged in trabeculae, four to six cell layers 
erally consisted of well-differentiated hepato- thick. The hepatocytes were often pleomorphic 
cytes arranged in branching cords, one or two and had enlarged vesicular nuclei with multiple 
cell layers thick. The normal lobular architec- nucleoli. Metastasis to the lung was seen in two 
ture was partially or completely effaced, and the control and two high dose males. 
neoplastic hepatocytes were more basophilic, 

TABLE 25. HEPATOCELLULAR TUMORS IN MALE MICE IN THE TWO-YEAR FEED STUDY OF 

HYDROCHLOROTHIAZIDE (a) 


Control 2,500 ppm 5,000 ppm 

Adenoma 
Overall Rates 3/48 (6%) 8/49 (16%) 14/50 (28%) 

Adjusted Rates 7.0% 18.5% 30.9% 

Terminal Rates 3/43 (7%) 7/42 (17%) 12/43 (28%) 

Week of First Observation 105 79 79 

Life Table Testa Pt0.003 P=0.095 P=0.004 

Incidental Tumor Testa P=0.008 P =0.148 P=0.012 


Carcinoma 
Overall Rates 4/48(8%) 4/49(8%) 9/50(18%)

Adjusted Rates 9.1% 9.5% 19.6% 

Terminal Rates 3/43 (7% 1 4/42 (10%) 6/43 (14%) 

Week of First Observation 104 105 91 

Life Table Testa P-0.082 P =0.630 P= 0.123 

Incidental Tumor Testa PzO.092 P=0.562 P=0.161 


Adenoma or Carcinoma (b)
Overall Rates 7/48(15%) 10149(20%) 21/50 (42%) 

Adjusted Rates 15.9% 23.1% 43.7% 

Terminal Rates 6/43 (14%) 9/42(21%) 16/43 (37%) 

Week of First Observation 104 79 79 

LifeTable Testa P=O.OOl P=0.282 P=0.003 

Incidental TumorTesta P=0.004 P=0.323 P =0.009 


(a)The statistical analyses used are discussed in Section II (Statistical Methods) and Table C3.The estimated doses in 
milligrams per kilograms per day are given in Section III (Body Weights, Feed Consumption, and Clinical Signs) and in 
Appendix F. 
(b)Historical incidence in NTP studies (mean f SD): 609l2.032 (30% f 8%) 
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rrr. RESULTS: GENETIC TOXICOLOGY 


H,ydrochlorothiadde was tested a t  doses up to 10 
mg/plate in  Salmonella typhimurium strains 
TA98,TA100, TA1535, and TA1537 in a prein- 
cubation protocol with and without Aroclor 
1254-induced male Sprague Dawley rat  or Syri-
an hamster liver S9 (Table 26). No increase in 
revertant colonies was observed in  s t ra ins  
TA100, TA1535, or TA1537; however, in three 
trials performed with strain TA98 in the absence 
of S9, a small but repeatable dose-related in- 
crease in revertant colonies was recorded. Hy-
drochlorothiazide was therefore judged to exhib- 
it equivocal activity in the Salmonella assay. In 
the mouse lymphoma L5178Y/TK+’- assay for 

induction of trifluorothymidine resistance, hy- 
drochlorothiazide produced a positive response 
in the absence of exogenous metabolic activation 
a t  doses of 500-1,200 pg/ml; it was not tested 
with S9 (Table 27). Hydrochlorothiazide in- 
duced sister chromatid exchanges but not chro- 
mosomal aberrations in CUItured Chinese ham- 
ster ovary cells in the presence and absence of 
Aroclor 1254-induced male Sprague Dawley rat 
liver S9 (Tables 28 and 29). No induction of sex- 
linked recessive lethal mutations was detected 
in adult male Drosophila melanogaster following 
administration of 10,000 ppm hydrochloro- 
thiazide by feeding or injection (Table 30). 
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TABLE 26. MUTAGENICITY OF HYDROCHLOROTHIAZIDE IN SALMONELLA TYPHIMURIUM (a) 

Strain Dose (pg/plate) Revertants/Plate (b) 

TAlOO -59 t59 (hamster) t S 9  (rat)

Trial I Trial 2 Trial 1 Trial 2 Trial 1 Trial 2 


0 156 f 4.8 135 f 2.2 154 f 4.1 126 f 1.0 153 f 6.7 153 f 6.3 
100 142 f 3.8 126 f 2.7 159 f 7.0 130 f 12.8 156 f 6.1 149 f 3.6 
333 132 f 1.5 137 f 4.2 158 f 4.4 118 f 7.2 140 f 7.7 136 f 3.9 

1,000 139 f 2.3 142 f 7.5 161 f 1.7 117 f 11.0 135 f 7.6 139 f 0.9 
3,333 132 f 7.5 143 f 6.4 169 f 9.0 126 f 3.8 143 f 13.9 144 f 11.1 

10,000 111 f 14.9 152 f 1.7 200 f 7.3 141 f 5.5 150 f 9.0 141 f 8.4 

Trial summary Negative Negative Equivocal Negative Negative Negative

Positive control (c) 1,213 f 44.1 1,030 f 13.1 1,111 f 30.6 838 f 21.2 992 f 8.5 675 f 13.2 


TA1535 -59 t59 (hamster) +S9 (rat)  

Trial 1 Trial 2 Trial 1 Trial 2 Trial 1 Trial 2 


0 30 f 5.9 32 f 3.2 15 f 1.0 13 f 1.8 14 f 1.9 7 _+ 1.5 
100 35 f 3.2 28 f 1.8 16 f 1.8 13 f 3.2 13 f 1.5 11 f 2.0 
333 26 f 3.6 21 f 2.7 15 f 3.5 10 f 2.2 15 f 0.7 10 f 1.0 

1,000 20 f 2.0 22 f 2.6 13 f 0.9 10 f 2.1 12 f 0.3 8 f 1.7 
3,333 23 f 1.7 21 f 4.7 11 f 1.7 12 f 1.0 10 f 1.5 11 f 0.6 

10,000 14 f 5.2 20 f 1.2 15 k 3.5 11 f 0.7 13 f 3.3 11 f 1.3 

Trial summary Negative Negative Negative Negative Negative Negative
Positive control (c) 871 f 28.3 726 f 22.2 87 f 3.6 66 k 2.5 88 f 4.6 58 f 3.3 

TA1537 -59 tS9 (hamster) +S9 (rat)

Trial 1 Trial 2 Trial 3 Trial 1 Trial 2 Trial 1 Trial 2 


0 4 f 1.5 8 f 1.8 7 f 2.1 7 f 0.3 8 f 2.3 12 f 1.8 11 f 4.0 
100 8 f 1.2 6 f 1.7 9 f 2.0 11 f 3.2 9 f 2.0 10 f 1.9 12 f 1.7 
333 6 f 1.5 9 f 1.5 8 f 1.0 13 f 1.7 11 f 1.5 8 f 2.3 14 f 3.4 

1,000 7 f 1.2 7 f 0.6 6 f 1.2 9 f 0.9 8 f 0.9 11 f 1.7 10 f 3.1 
3,333 8 f 1.0 10 f 0.9 11 f 0.7 14 f 1.7 13 f 2.3 14 f 0.6 14 f 4.1 
6,667 7 f 1.3 

10,000 10 f 1.5 19 f 1.2 9 f 3.8 12 f 1.2 14 f 3.2 15 f 2.6 14 f 0.9 

Trial summary Negative Equivocal Negative Negative Negative Negative Negative
Positive control (c) 600 f 14.5 99 f 19.5 195 f 12.8 82 f 5.5 72 f 6.2 86 f 6.7 60 f 7.7 

TA98 -99 tS9 (hamster) +S9 ( ra t )
Trial 1 Trial 2 Trial 3 Trial 1 Trial 2 Trial 1 Trial 2 

0 15 f 1.3 19 f 1.3 19 f 1.0 29 f 2.2 32 f 4.1 30 f 1.2 31 f 3.1 
100 21 f 0.9 17 f 1.7 16 f 0.6 28 f 2.0 35 f 1.2 34 f 4.1 36 f 0.7 
333 18 f 1.8 23 f 2.8 25 f 3.0 32 k 0.9 33 f 0.7 32 k 1.2 37 f 2.0 

1,000 25 f 4.5 22 f 2.3 21 f 3.2 39 f 2.5 37 f 2.7 31 f 5.2 40 f 5.7 
3,333 24 f 2.7 30 f 4.4 24 f 0.3 36 f 3.5 41 f 2.1 32 f 2.7 35 f 1.5 
6,667 31 f 1.9 

10,000 26 f 1.7 39 f 1.9 32 f 3.1 41 f 0.9 38 f 1.8 34 f 1.5 39 f 4.6 

Trial summary Equivocal Weakly positive Equivocal Negative Negative Negative Negative
Positive control (c) 1,406 f 9 870 f 38.4 1,270 f 42.2 1,119 f 39.4 800 f 24.3 891 f 43.4 554 f 18.9 

(a)Study performed a t  EG&G Mason Research Institute. The detailed protocol is presented by Mortelmans et  al. (1986). Cells 
and study compoundor solvent (dimethyl sulfoxide) were incubated in the absence of exogenous metabolic activation ( -S9) or 
with Aroclor 1254-induced S9 from male Syrian hamster liver or male Sprague Dawley rat  liver. High dose was limited by tox- 
icity or solubility but did not exceed 10 mg/plate; 0 pglplate dose is the solvent control. 
(b)Revertants are presented as mean f standard error from three plates. 
(c) Positive control; 2-aminoanthracene was used on all strains in the presence of S9. In the absence of metabolic activation, 
4-nitro-o-phenylenediamine was used with TA98, sodium azide was used with TAlOO and TA1535, and 9-aminoacridine was 
used with TA1537. 
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TABLE 27. MUTAGENICITY OF HYDROCHLOROTHIAZIDE I N  MOUSE L5178Y LYMPHOMA CELLS 
(a,b) 

Compound Concentration 
(Wml) 

Cloning 
Efficiency 
(percent) 

Relative 
Total Growth 

(percent) 

Tft-
Resistant 

Cells 

Mutant 
Fraction (c )  

-s9 

Trial 1 

Acetone (d) 78.8 f 5.7 100.0 f 3.7 99.5 f 1.9 42.8 k 3.1 

Hydrochlorothiazide 62.5 
(e) 125 

250 
500 

(e) 750 
(g) 1,000 

56.7 f 2.3 
49.0 f 1.0 
64.7 f 3.7 
61.3 f 3.0 
54.5 f 7.5 
45.0 f 2.0 

69.0 f 9.5 
55.5 f 6.5 
65.3 f 5.0 
51.0 k 4.0 
17.0 f 5.0 
7.0 f 1.0 

75.7 f 8.7 
78.0 f 0.0 
74.7 f 5.8 

169.0 f 16.0 
423.5 f 8.5 
470.5 f 20.5 

45.0 f 7.1 
53.0 f 1.0 
38.7 f 0.9 

(092.0 k 9.0 
(0265.5 f 41.5 
(0347.0 k 1.0 

Methyl methanesulfonate 5 38.3 f 2.2 24.3 & 5.2 574.7 & 14.5 (0505.7 f 14.8 

Trial 2 

Acetone (e) 79.5 f 5.5 100.0 f 7.0 95.5 f 9.5 40.0 f 1.0 

Hydrochlorothiazide (e) 200 
(e) 400 

500 
800 

1,000 
(g) 1,200 

67.0 f 1.0 
46.0 f 2.0 
64.3 f 4.8 
48.0 f 4.4 
54.3 f 5.6 
27.5 f 8.5 

72.0 f 3.0 
48.0 f 4.0 
43.3 f 4.1 
21.0 f 1.5 
13.0 f 2.5 
2.5 f 0.5 

68.5 f 3.5 
69.5 f 11.5 
92.0 f 19.4 

212.7 f 23.5 
484.0 f 53.3 
488.5 f 14.5 

34.5 f 1.5 
50.5 k 10.5 
48.3 f 11.3 

(0149.3 f 20.8 
(0304.0 f 47.6 
(0672.5 f233.5 

Methyl methanesulfonate (e)5 62.0 f 13.0 60.5 f 11.5 383.0 f 24.0 (0214.0 f 33.0 

(a)  Study performed a t  Litton Bionetics, Inc. The experimental protocol is presented in detail by Myhr et  al. (1985) and follows 
the basic format of Clive et  al. (1979). The highest dose of study compound is determined by solubility or toxicity and may not 
exceed 5 mg/ml. All doses are tested in triplicate; the average for the three tests is presented in the table. All tests were per- 
formed in the absence ofexogenous metabolic activation ( -S9). Cells (6 X lO5lml) were treated for 4 hours a t  37’C in medium, 
washed, resuspended in medium, and incubated for 48 hours a t  37” C. After expression, 3 X 10ecells were plated in medium 
and soft agar supplemented with trifluorothymidine (Tft) for selection of Tft-resistant cells, and 600 cells were plated in non- 
selective medium and soR agar to determine the cloning efficiency. 
(b)Mean k standard error from replicate trials of approximately 1 X 106 cells each. All data are evaluated statistically for 
both trend and peak response (P<0.05for at least one of the three highest dose sets). Both responses must be significantly 
(P<0.05)positive for a chemical to be considered capable of inducing Tft resistance. If only one ofthese responses is significant,
the call is “equivocal”; the absence ofboth trend and peak response results in a “negative“ call. 
(c) Mutant fraction (frequency) is a ratio of the Tft-resistant cells to the cloning eficiency, divided by 3 (to arrive a t  MF per 
1 X 106cells treated); MF = mutant fraction. 
(d)Data presented are the average of four tests. 
(e)Data presented are the average of two tests. 
(f)Significant positive response; occurs when the relative mutant fraction (average MF of treated culturelaverage MF of solvent 
control)isgreater than or equal to 1.6. 
(g)Data presented are the average of two tests. The dose in one test was lethal. 
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TABLE 28. INDUCTION OF SISTER CHROMATID EXCHANGES IN CHINESE HAMSTER OVARY CELLS 
BY HYDROCHLOROTHIAZIDE (a) 

~ ~ 	 ~~ 

No. of SCEs/ Relative 
Total Chromo- No.of Chromo- SCEs/ Hours SCEs/Cell

Compound Dose Cells somes SCEs some Cell in  BrdU (percent)
(wdml) 	 (b) 

-ss (Cl 
Trial 1--Summary: Positive 

Dimethyl sulfoxide 	 50 1,022 427 0.42 8.5 25.7 

Hydrochlorothiazide 43 50 1,047 525 0.50 10.5 25.7 123.5 
130 50 1,019 496 0.49 9.9 25.7 116.5 
430 50 1,026 987 0.96 19.7 25.7 23 1 .8 

Mitomycin C 	 0.005 25 511 786 1.54 31.4 25.7 369.4 

Trial 2--Summary: Positive 

Dimethyl sulfoxide 	 50 1,034 427 0.41 8.5 25.7 

Hydrochlorothiazide 	 500 50 1,036 1,033 1.oo 20.7 25.7 243.5 
600 50 1,027 1,387 1.35 27.7 25.7 325.9 
800 50 1,025 1,267 1.24 25.3 25.7 297.6 

1,000 0 

Mitomycin C 	 0.001 50 1,044 589 0.56 11.8 25.7 138.8 
0.01 5 101 203 2.01 40.6 25.7 477.6 

+ 59 (dk-Summary: Positive 

Dimethyl sulfoxide 	 50 1,028 414 0.4 8.3 25.7 

Hydrochlorothiazide 130 50 1,045 554 0.53 11.1 25.7 133.7 
430 50 1,037 434 0.42 8.7 25.7 104.8 

1,300 50 1,038 510 0.49 10.2 25.7 122.9 

Cyclophosphamide 	 0.3 50 1,035 600 0.58 12.0 25.7 144.6 
2 5 105 107 1.02 21.4 25.7 257.8 

(a)Study performed at Litton Bionetics, Inc. SCE = sister chromatid exchange; BrdU = bromodeoxyuridine. A detailed de- 
scription of the SCE protocol is presented by Galloway et  al. (1987). Briefly, Chinese hamster ovary cells were incubated with 
study compound or solvent (dimethyl sulfoxide) as  described in (c) or (d) below and cultured for sufficient time to reach second 
metaphase division. Cells were then collected by mitotic shake-off, fixed, air-dried, and stained. 
(b)SCEs/cell in treated culture expressed as  a percent of the SCEs/cell in the control culture 
(c)Inthe absence of S9,Chinese hamster ovary cells were incubated with study compound or solvent for '2 hours a t  37" C. Then 
BrdU was added, and incubation was continued for 24 hours. Cells were washed, fresh medium containing BrdU and colcemid 
was added, and incubation was continued for 2-3 hours. 
(d)Inthe presence of S9,cells were incubated with study compound or solvent for 2 hours at 37'C. Then cells were washed, and 
mediumcontaining BrdU was added. Cells were incubated for a further 26 hours, with colcemid present for the final 2-3 hours. 
S9 wasfrom the liver ofAroclor 1254-induced male Sprague Dawley rats. 
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TABLE 89. INDUCTION OF CHROMOSOMAL ABERRATIONS IN CHINESE HAMSTER OVARY CELLS 
BY HYDROCHLOROTHIAZIDE (a) 

-S9 (b) +s9 (Cl
Dose Total No. OF Absl Percent Dose Total No. of Abs/ Percent 

(p@rnl) Cells Abs Cell Cells Cpg/ml) Cells Abs Cell Cells 
with Abs with Ab6 

Trial 1--Harvest time: 21 h (d) Harvest time: 10.6 h 

Dimethyl sulfoxide Dimethyl sulfoxide 
100 0 0 0.0 100 0 0.00 0.0 
100 0 0 0.0 

Hydrochlorothiazide Hydrochlorothiazide 
260 100 1 0.01 1.o 2,080 100 0 0.00 0.0 
520 100 0 0.00 0.0 2,3 40 100 0 0.00 0.0 
780 100 3 0.03 3.0 2,600 100 1 0.01 1.o 

1,040 0 

Summary: Negative Summary: Negative 

Mitomycin C Cyclophosphamide 
0.062 50 20 0.40 28.0 50 50 12 0.24 20.0 

Trial 2-Harvest time: 10.5 h 

Dimethyl sulfoxide 
100 0 0.00 0.0 
100 0 0.00 0.0 

Hydrochlorothiazide

800 100 2 0.02 2.0 

900 100 2 0.02 2.0 


1,OOo 100 4 0.04 4.0 

1,250 0 


Summary: Negative 

Mitomycin C 
0.5 50 21 0.42 20.0 

(H) Study performed a t  Litton Bionetics, Inc. Abs = aberrations. A detailed presentation of the technique for detecting chro- 
mosomal aberrations is presented by Galloway et  al. (1987). Briefly, Chinese hamster ovary cells were incubated with study 
compoundor solvent (dimethyl sulfoxide) as indicated in (b)or (c). Cells were arrested in first metaphase by addition of col-
cemid and harvested by mitotic shake-off, fixed, and stained in 6% Giemsa. 
(b)In the absence of S9, Chinese hamster ovary cells were incubated with study compound or solvent (dimethyl sulfoxide) for 8-
10 hours a t  37' C. Cells were then washed, and fresh medium containing colcemid was added for an  additional 2-3 hours fol- 
lowed by harvest. 
( c ) In the presence of S9, cells were incubated with study compound or solvent (dimethyl sulfoxide) for 2 hours a t  37'C. Cells 
were then washed, medium was added, and incubation was continued for 8-10 hours. Colcemid was added for the last 2-3 hours 
of incubation before harvest. S9was from the liver of Aroclor 1254-induced male Sprague Dawley rata. 
((1) Becauseof significant chemical-induced cell cycle delay, incubation time prior to addition of colcemid was lengthened to pro-
vide sufficient metaphases a t  harvest. 
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TABLE 30. INDUCTION OF SEX-LINKED RECESSIVE LETHAL MUTATIONS IN DROSOPHILA BY 
HYDROCHLOROTHIAZIDE (a) 

Route of 
Exposure Dose 

Incidence of 
Deaths 

Incidence of 
Sterility 

No. of Lethals/No. of X Chromosomes Tested 
Mating 1 Mating 2 Mating 3 

Overall 
Total 

(ppm) (percent) (percent) (b) 

Feeding 

Injection 
0 

0 

10,000 

10,000 

0 

0 

0 

8 
112,3 53 

312,305 

012,158 

212,158 
211,959 

012,139 

212,151 

012,033 

012,lO1 
111,846
0/1,426 
211,913 

216,410 (0.03%) 
4/6,158 (0.06%)
2/5,617 (0.04%) 
516,357 (0.08%) 

(a)Study performed a t  Bowling Green State University. A detailed protocol ofthe sex-linked recessive lethal assay is presented 
in Valencia e t  al. (1985). Exposure by feeding was done by allowing 24-hour-old Canton-S males to feed for 3 days on a solution 
of the study chemical dissolved in 5% sucrose. In the injection experiments, 24-hour-old Canton-S males were treated with a so-
lution of the chemical dissolved in 0.7%saline and allowed 24 hours to recover. Exposed males were mated to three Basc fe- 
males for 3days and given fresh females a t  2-day intervals to produce three broods of 3,2,  and 2 days; sample sperm from suc- 
cessive mating8 were treated as spermatozoa (mating l),spermatids (mating 2),and spermatocytes (mating 3). F1heterozygous
females were crossed to their siblings and placed in individual vials. F, daughters from the same parental male were kept to-
gether to identlfy clusters; no clusters were found. After 17 days, presumptive lethal mutations were identified as  vials contain- 
ing no wild-type males; these were retested. Results were not significant a t  the 5%level (Margolin e t  al., 1983). 
(b)Combinedtotalof number of lethal mutationdnumber of X chromosomes tested for three mating trials 
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IV. DISCUSSION AND CONCLUSIONS 


Hydrochlorothiazide, a widely used diuretic, was 
evaluated in 15-day, 13-week, and 2-year tox- 
icity studies. In the 15-day studies, with dietary 
concentrations of up to 50,000 ppm, no rats or 
mice died before the end of the studies; body 
weight gains of dosed animals were lower than 
those of the controls, although not clearly dose 
related. Chemically related clinical signs, in- 
cluding evidence of diuresis, were not evident 
during the studies. No compound-related micro- 
scopic pathologic effects were seen in the 15-day 
studies, although signs of increased hemorrhage 
were noted upon gross examination of dosed rats 
and calculi were seen in the urinary bladder of 
some of the mice in the two highest dose groups. 

In the 13-week studies, the concentrations of hy-
drochlorothiazide in feed ranged up to 50,000 
ppm, and again no rats died during the studies. 
However, several mice that received 3,125 ppm 
or more died. The cause of these deaths could not 
be determined, but it was thought unlikely that 
the deaths were related to exposure to hydro- 
ch.lorothiazide, with the possible exception of 
those in the high dose groups. In three dose 
groups, deaths of several mice occurred in the 
same cage during the same week. Many of these 
animals were autolyzed or cannibalized, which 
prevented a thorough examination. Diagnoses 
of pneumonia were made for animals killed a t  
the end of the studies, and it is possible that this 
disease contributed to the pa t te rn  of ear ly  
deaths. Body weight gains of dosed rats and fe- 
male mice were generally lower than those of 
controls but were not consistently dose related. 

The kidney was the major target of toxicity in 
the short-term studies in both rats and mice. In 
the 13-week studies, mineralization was ob- 
served at the corticomedullary junction in rats 
in all dosed groups, and severe nephropathy was 
seen in one male and five female rats  in the 
50,000-ppm groups. The severity of the min- 
eralization was dose related and ranged from 
minimal to moderate. Because mineralization 
was observed a t  all doses, the 13-week studies 
were repeated in ra t s  with 4,000 ppm as  the 
highest dose. All rats survived to the end of the 
second 13-week studies, body weight gains were 
lower than those of the controls, and mineraliza- 
tion of the kidney was again observed for all 
dosed groups (250 ppm and above). The lack of 

consistent dose-related effects on body weight 
gain and the presence of mineralization of the 
kidney a t  all doses suggested that the doses used 
in these studies were above that needed to pro- 
duce a maximal pharmacologic effect and that 
the mineralization could be associated with the 
increased calcium retention that has been ob- 
served with the use of thiazide diuretics (Chris- 
tensson et al., 1977). Increased calcium reten- 
tion could result from a primary hyperparathy- 
roidism as suggested by Pickleman et al. (1969), 
but the parathyroid glands were not obviously 
enlarged in the current short-term studies. 

In mice, the incidences of kidney tubular cell de- 
generation and necrosis and inflammation and/ 
or epithelial hyperplasia and calculi in the uri- 
nary bladder increased in males and females a t  
12,500 ppm and above. The calculi were similar 
to those noted in mice in the 15-day studies and 
were also seen in the urinary bladder in one 
male rat  in the 25,000-ppm group in the first 13-
week studies. The calculi from one mouse uri- 
nary bladder were collected, analyzed, and found 
to contain hydrochlorothiazide. It is not clear 
why calculi developed in some animals and not 
in others or why they were not confined to the 
highest dose groups. White crystals were noted 
in the stomachs of some rats exposed to hydro- 
chlorothiazide a t  concentrations as low as 6,250 
Ppm. 

Dose selections for the 2-year studies were based 
primarily on the severity of the kidney lesions 
observed in the 13-week studies. Three dietary 
concentrations over an  eightfold range (250- 
2,000 ppm) were selected for rats because of un-
certainty over the potential for these lesions to 
worsen the nephropathy that is a common cause 
of death of F344 rats. A 1-year interim kill for 
rats was added to the 2-year studies to assess the 
progression of kidney lesions and to evaluate if 
they were severe enough to compromise comple- 
tion of the 2-year studies. 

During the first year of the 2-year study, 11 of 
the 16 dosed female rats that died showed evi- 
dence of internal hemorrhage; consequently, he- 
matologic evaluation and blood-clotting tests 
were performed on the rats killed at 1 year.
Thrombocytopenia has been reported as an 
idiosyncratic response to hydrochlorothiazide 
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therapy in humans (Swanson and Cook, 19771, 
but platelet levels for dosed rats were not dif- 
ferent from those for controls in the l-year study 
animals. Plasma concentrations of prothrombin 
and fibrinogen were also unchanged from those 
of controls, and activated partial thromboplastin 
times for plasma were highly variable but were 
not significantly longer for dosed rats. Chronic 
nephropathy was judged more severe in dosed 
rats than in controls a t  1year, but the lesion did 
not appear to be life threatening. No other le- 
sions appeared to be chemically related. 

During the 2-year studies, body weights of dosed 
rats were reduced to the same extent in all dosed 
groups of males and females, suggesting that the 
effect on body weight was secondary to a phar- 
macologic effect, even a t  the low dose of 250 
ppm. The average amount of hydrochlorothia- 
zide consumed per day by rats ranged from 10 
mg/kg to approximately 100 mg/kg and by mice, 
from approximately 250 to 600 mg/kg. For hu- 
mans, maximally effective diuretic doses are in 
the range of 1to 1.5 mg/kg (Gilman et al., 1985). 

The survival rate of female rats was in the range 
generally found in 2-year studies, but survival of 
all groups of male rats was low and was lower in 
dosed groups than in controls. Survival of the 
control male rats in this study (36%) was similar 
to that seen in the concurrent studies of furose- 
mide (34%)(NTP, 1989), performed a t  the same 
laboratory, and may reflect, at least in part, an 
aggressive moribund-kill program a t  this labo- 
ratory. An increasing number of deaths oc- 
curred after week 75 in all male groups, with 
little difference in the pattern of deaths between 
the groups thereafter. 

Chronic renal disease was present in all groups 
of male and female rats, and severity was in- 
creased in dosed groups. Secondary signs of 
chronic renal disease, including parathyroid hy- 
perplasia, mineralization in multiple organs, 
and fibrous osteodystrophy, were also increased 
in dosed groups. No other nonneoplastic lesions 
in rats appeared to be related to hydrochlorothi- 
azide exposure. 

Proliferative lesions were noted in the Zymbal 
(auditory sebaceous) gland in dosed male rats  
and in the hematopoietic system in dosed female 

rats. Zymbal gland neoplasms occurred in one 
control, one low dose, two mid dose, and four 
high dose male rats. These incidences represent 
a marginal increase in a neoplasm that his- 
torically occurs a t  a rate of 1%. The occurrence 
of this neoplasm was not considered related to 
hydrochlorothiazide exposure. Similarly, the 
marginal increase in the incidence of mono- 
nuclear cell leukemia in mid dose female rats 
was not considered to be due to hydrochlorothia- 
zide exposure because of the lack of an increased 
incidence in the high dose group and the fact 
that the incidences in the control and low dose 
groups are lower than the mean historical inci- 
dence for this lesion. In contrast, mammary 
gland neoplasms in control female rats occurred 
a t  twice the historical incidence. The incidences 
in all dosed female groups were somewhat lower 
than the mean historical incidence, resulting in 
a negative trend. These decreased incidences 
may be in  par t  related to the reduced body 
weights of dosed rats compared with those of 
controls (Rao et al., 1987). 

The results in rats are quite similar to those of a 
study reported by Lijinsky and Reuber (1987), in 
which hydrochlorothiazide was given (with or 
without sodium nitrite) to groups of 24 male and 
24 female F344 rats a t  dietary concentrations of 
0 or 1,000 ppm for 104 weeks. Hydrochlorothia- 
zide administration was associated with an  in- 
crease in the incidence and severity of nephropa- 
thy and increased incidences of parathyroid 
hyperplasia; osteitis fibrosa; and calcification of 
the aorta, other arteries, mucosa of the glandu- 
lar stomach, muscle of the forestomach, heart, 
and pulmonary alveoli. Two parathyroid adeno- 
mas were found in the 24 dosed male rats. Sev- 
eral  kidney tubular cell neoplasms were ob- 
served in the dosed groups (two in males and one 
in females receiving hydrochlorothiazide; three 
in males and one in females receiving hydrochlo- 
rothiazide and sodium nitrite). None was ob- 
served in controls. These incidences of tubular 
cell neoplasms of the kidney were not signifi- 
cantly increased, in concordance with observa- 
tions of a renal tubular cell neoplasm in one mid 
and one high dose female rat in the current stud- 
ies. Differences in results between the Lijinsky 
and Reuber study and the current studies were 
limited to an  absence of increased cardiac throm- 
bosis and polyarteritis in the current studies. 

67 Hydrochlorothiazide, NTP TR 357 



IV. DISCUSSION AND CONCLUSIONS 


For mice, the doses selected for the 2-year stud- 
ies were higher than those selected for rats, and 
the doses per body weight were much higher 
than for rats. Nonetheless, these doses (2,500 
and 5,000 ppm) produced no obvious diuresis or 
other clinical signs and had negligible effects on 
body weights. Survival was also not affected by 
hydrochlorothiazide exposure and was typical of 
that usually seen in 2-year studies. The doses 
were chosen based on the observation of in- 
creased nephropathy and urinary bladder le- 
sions a t  12,500 ppm and higher in the 13-week 
studies. No increases in nonneoplastic lesions in 
the kidney, urinary bladder, or any other organs 
were attributed to hydrochlorothiazide adminis- 
tra tion in the 2-year studies in mice. 

No neoplastic lesions in female mice were at-  
tributed to hydrochlorothiazide exposure. In 
male mice, incidences of hepatocellular neo- 
plasms were dose related and were increased in 
dosed groups over that in controls (control, 7/48; 
low dose, 10/49; high dose, 21/50; see Table 25). 
However, the incidence of hepatocellular neo- 
plasms in control male mice is low compared 
with that seen in contemporary studies in the 
NTP historical data base (Table C4), and the to- 
tal incidence of neoplasms seen in male mice in 
this study (26%) is lower than the average inci- 
dence in controls in all NTP studies (30%). 
These factors tend to diminish the strength of 
the statistical association of hydrochlorothiazide 
exposure with liver neoplasms in male mice in 
this study. 

Evidence for the genetic toxicity of hydrochloro- 
thiazide is limited to an  equivocal response in 
one Salmonella assay and positive responses in 
assays for induction of sister chromatid ex-
changes in Chinese hamster ovary cells, p-flu- 
orophenylalanine (PFP)-resistant colonies in  
Aspergillus, and trifluorothymidine-resistant 
colonies in L5178Y mouse lymphoma cells. Re- 
sults of Salmonella tests of hydrochlorothiazide 
have been generally negative; the equivocal re- 
sponse in strain TA98 reported by the NTP rep- 
resents a summary conclusion for one weak 

positive and two equivocal trials conducted in 
the absence of S9. In the PFP-resistance assay 
with Aspergillus (Bignami et al., 19741, a single 
dose was applied as a “a small sterile triangle of 
absorbent paper ...saturated with a solution of 
the drug.” The lack of a positive control and a 
limited presentation of the data  decrease the 
ability to evaluate this positive result. Hydro-
chlorothiazide was negative in assays for induc- 
tion of chromosomal aberrations in cultured 
mammalian cells and for sex-linked recessive le- 
thal mutations in germ cells of male Drosophila. 
In view of the very limited evidence for genotox- 
icity and the apparent absence of significant con- 
version to reactive metabolites, in vivo muta- 
genicity by hydrochlorothiazide seems unlikely. 

The experimental and tabulated data for the 
NTP Technical Report on hydrochlorothiazide 
were examined for accuracy, consistency, com- 
pleteness, and compliance with Good Laboratory 
Practice regulations. As summarized in Appen- 
dix J, the audit revealed no major problems with 
the conduct of the studies or with collection and 
documentation of the experimental data.  No 
discrepancies were found that  influenced the 
final interpretation of the resul ts  of these 
studies. 

Under the conditions of these 2-year feed stud- 
ies, there was no evidence of carcinogenic activi- 
ty* of hydrochlorothiazide for male or female 
F344/N rats given feed containing 250, 500, or 
2,000 ppm hydrochlorothiazide. There was 
equivocal evidence of carcinogenic activity of hy- 
drochlorothiazide for male B6C3F1 mice, based 
on increased incidences of hepatocellular neo- 
plasms. There was no evidence of  carcinogenic 
activity for female B6C3F1 mice given diets con- 
taining 2,500 or 5,000 ppm hydrochlorothiazide. 

Chronic renal disease was more severe in rats 
administered hydrochlorothiazide, and  in-  
creased incidences of secondary lesions (parathy- 
roid hyperplasia, fibrous osteodystrophy, and 
mineralization in multiple organs) occurred in  
dosed rats. 

*Explanationof Levels of Evidence of Carcinogenic Activity is on page 7. 

.A summary of the Peer Review comments and the public discussion on this Technical Report appears on pages 10-11. 


Hydrochlorothiazide, NTP TR 357 68 



V. REFERENCES 


69 Hydrochlorothiazide, NTP TR 357 




V’. REFERENCES -.. 

1.  Amery, A.; Berthaux, P.; Bulpitt, C.; De- 
ruyttere, M.; de Schaepdryver, A.; Dollery, C.; 
Fagard, R.; Forette, F.; Hellemans, J . ;  Lund- 
Johansen, P.; Mutsers, A.; Tuomilehto, J. (1978) 
Glucose intolerance during diuretic therapy. 
Results of trial by the European Working Party 
on Hypertension in the Elderly. Lancet, pp. 681-
683. 

2. Ames, B.N.; McCann, J.;Yamasaki, E. (1975) 
Methods for detecting carcinogens and muta- 
gens with the Salmonella/mammalian-micro- 
some mutagenicity test. Mutat. Res. 31:347-364. 

3.  Armitage, P. (1971) Statistical Methods in 
Medical Research. New York: John Wiley & 
Sons, Inc., pp. 362-365. 

4. Ballantyne, D.; Ballantyne, F.C. (1983) Thia-
zides, beta blockers and lipoproteins. Postgrad. 
Med. J .  59:483-488. 

5 Barbhaiya, R.H.; Craig, W.A.; Corrick-West, 
H .P.; Welling, P.G. (1982) Pharmacokinetics of 
hydrochlorothiazide in fasted and nonfasted sub- 
jects: A comparison of plasma level and urinary 
excretion methods. J. Pharm. Sci.71:245-248. 

6.  Barnes, C.D.; Eltherington, L.G. (1965) Drug 
Ilosages in Laboratory Animals, A Handbook. 
Hlerkeley: University of California Press, p. 73. 

7 Heaudry, C.; Laplante, L. (1973) Severe aller- 
gic pneumonitis from hydrochlorothiazide. Ann. 
Intern. Med. 78:251-253. 

H Beermann, B. (1984) Aspects on pharmaco- 
kinetics of some diuretics. Acta Pharmacol. Tox-
icol. 54(Suppl.):17-29. 

9 Beermann, B.; Groschinsky-Grind, M. (1977) 
Pharmacokinetics of hydrochlorothiazide in  
man. Eur. J.Clin. Pharmacol. 12:297-303. 

10. Beermann, B.; Groschinsky-Grind, M. (1978) 
Gastrointestinal absorption of hydrochlorothia- 
zide enhanced by concomitant intake of food. 
Ehr. J. Clin. Pharmacol. 13:125-128. 

11. Beermann, B.; Groschinsky-Grind, M.; Ro- 
elen, A. (1976) Absorption, metabolism, and ex- 
cretion of hydrochlorothiazide. Clin. Pharmacol. 
Ther. 19:531-537. 

12. Beermann, B.; Fahraeus, L.; Groschinsky-
Grind, M.; Lindstrom, B. (1980) Placental trans- 
fer of hydrochlorothiazide. Gynecol. Obstet. In- 
vest. 11:45-48. 

13. Berenblum, I., Ed. (1969) Carcinogenicity 
Testing: A Report of the Panel on Carcino- 
genicity of the Cancer Research Commission of 
UICC, Vol. 2. Geneva: International Union 
Against Cancer. 

14. Bignami, M.; Morpurgo, G.; Pagliani, R.; 
Carere, A.; Conti, G.; Di Giuseppe, G. (1974) 
Non-disjunction and crossing-over induced by 
pharmaceutical drugs in Aspergillus nidulans. 
Mutat. Res. 26:159-170. 

15. Boorman, G.A.; Montgomery, C.A., Jr.; Eus-
tis, S.L.;Wolfe, M.J.; McConnell, E.E.; Hardisty, 
J.F. (1985) Quality assurance in pathology for 
rodent carcinogenicity studies. Milman, H.;  
Weisburger, E., Eds.: Handbook of Carcinogen 
Testing. Park Ridge, NJ: Noyes Publications, 
pp. 345-357. 

16. Christensson, T.; Hellstrom, K.; Wengle, B. 
(1977) Hypercalcemia and primary hyperpara- 
thyroidism. Prevalence in patients receiving 
thiazides as detected in a health screen. Arch. 
Intern. Med. 137:1138-1142. 

17. Chrysant, S.G.;Brown, J.L.; Hagstrom, D. 
(1983)Antihypertensive and metabolic effects of 
hydrochlorothiazide, amiloride- hydrochloro thia-
zide, and timolol. J. Clin. Pharmacol. 23: 147- 
154. 

18. Clive, D.; Johnson, K.O.;Spector, J.F.S.; Bat- 
son, A.G.; Brown, M.M.M. (1979)Validation and 
characterization of the L5178Y/TK +’-mouse 
lymphoma mutagen assay system. Mutat. Res. 
59:61-108. 

19. Cox, D.R. (1972) Regression models and life 
tables. J.R. Stat.Soc. B34:187-220. 

20. DeFelice, A.F.; Brousseau, A.C.; O’Connor, 
B. (1987) Potassium-sparing effect of trilostane 
in hydrochlorothiazide-treated rats  and dogs. 
Proc. SOC.Exp. Biol. Med. 184:l-6. 

Hydrochlorothiazide, NTP TR 357 70 



V. REFERENCES 


21. Dunnett, C.W. (1955)A multiple comparison 
procedure for comparing several t rea tments  
with a control. J. Am. Stat.Assoc. 50:1096-1122. 

22. Eisner, E.V.;Crowell, E.B. (1971)Hydrochlo-
rothiazide-dependent thrombocytopenia due to 
IgM antibody. J.Am. Med. Assoc. 215:480-482. 

23. Ferriola, P.C.; Acara, M.A.; Duffey, M.E. 
(1986) Thiazide diuretics inhibit chloride ab- 
sorption by rabbit distal colon. J. Pharmacol. 
Exp. Ther. 238:912-915. 

24. Flamenbaum, W. (1983) Metabolic conse- 
quences of antihypertensive therapy. Ann. In- 
tern. Med. 98:875-880. 

25. Freis, E.D. (1986)The cardiovascular risks of 
thiazide diuretics. Clin. Pharmacol.  Ther .  
39~239-244. 

26. Galloway, S.M.; Bloom, A.D.; Resnick, M.; 
Margolin, B.H.; Nakamura, F.; Archer, P.; Zei-
ger, E. (1985) Development of a standard proto- 
col for in vitro cytogenetic testing with Chinese 
hamster ovary cells: Comparison of results for 
22 compounds in two laboratories. Environ. Mu- 
tagen. 7:l-51. 

27. Galloway, S.M.; Armstrong, M.J.; Reuben, 
(2.; Colman, S.; Brown, B.; Cannon, C.; Bloom, 
A.D.; Nakamura, F.; Ahmed, M.; Duk, S.; Rim-
po, J.;Margolin, B.H.; Resnick, M.A.; Anderson, 
H.;Zeiger, E. (1987) Chromosome aberrations 
and sister chromatid exchanges in Chinese ham- 
ster ovary cells: Evaluations of 108 chemicals. 
Environ. Molec. Mutagen. lO(Supp1. 1O):l-175. 

28. Garg, L.C.; Narang, N. (1987) Effects of hy- 
drochlorothiazide on Na-K-ATPase activity 
along the rat  nephron. Kidney Int. 31:918-922. 

29. Gart, J.J.; Chu, K.C.; Tarone, R.E. (1979) 
Statistical issues in  interpretation of chronic 
bioassay tests for carcinogenicity. J .  Natl. Can- 
cer Inst. 62:957-974. 

30.Gerber, J.G. (1983)Role of prostaglandins in 
the hemodynamic and tubular effects of furose- 
mide. Fed. Proc. 42:1707-1710. 

31. Gold, B.; Mirvish, S.S. (1977) N-Nitroso de- 
rivatives of hydrochlorothiazide, niridazole, and 
tolbutamide, Toxicol. Appl. Pharmacol. 40:131-
136. 

32. Gilman, A.G.; Goodman, L.S.; Rall, T.W.; 
Murad, F. (1985) Goodman and Gilman’s The 
Pharmacologic Basis of Therapeutics. New 
York: Macmillan Publishing Co., Inc., pp. 892-
896. 

33, Gjonnaess, H. (1968) Thiazide treatment in 
pregnancy. With special reference to maternal 
and foetal electrolytes. Acta Obstet. Gynecol. 
Scand. 47:404-419. 

34. Griffing, G.T.; Sindler, B.H.; Aurecchia, S.A.; 
Melby, J.C. (1983)The effects of hydrochlorothi-
azide on the renin-aldosterone system. Metabo-
lism 32:197-201. 

35. Haseman, J.K.(1984) Statistical issues in 
the design, analysis and interpretation of ani- 
mal carcinogenicity studies. Environ. Health 
Perspect. 58:385-392. 

36. Haseman, J.K.;  Huff, J.; Boorman, G.A. 
(1984) Use of historical control data in carcino- 
genicity studies in rodents. Toxicol. Pathol. 
12:126-1 35. 

37. Haseman, J.K.; Huff, J.; Rao, G.N.; Arnold, 
J.; Boorman, G.A.; McConnell, E.E. (1985) Neo-
plasms observed in untreated and corn oil ga- 
vage control groups of F344/N r a t s  a n d  
(C57BU6N X C3H/HeN)F1 (B6C3F1) mice. J.  
Natl. Cancer Inst. 75:975-984. 

38. Heinonen, O.P.; Slone, D.; Sharpiro, S. (1977) 
Birth Defects and Drugs in Pregnancy. Little-
ton, MA: Publishing Sciences Group. 

39. Hollifield, J.W. (1986) Thiazide treatment of 
hypertension. Effects of thiazide diuretics on se- 
rum potassium, magnesium, and ventricular ec- 
topy. Am. J .  Med. 8O(Suppl. 4A):8-12. 

40. Ishidate, M., Jr.; Sofuni, T.; Yoshikawa, K. 
(1981)Chromosomal aberration tests in vitro as  
a primary screening tool for environmental mu- 
tagens and/or carcinogens. Gann Monogr. Can- 
cer Res. 27:95-108. 

71 Hydrochlorothiazide, NTP TR 357 



V. REFERENCES 

41. Johnson, B.F.; Saunders, R.; Hickler, R.; 
Marwaha, R.; Johnson, J. (1986) The effects of 
thiazide diuretics upon plasma lipoproteins. J. 
Hypertens. 4:235-239. 

42. Kaplan, E.L.; Meier, P. (1958) Nonpara-
metric estimation from incomplete observations. 
J.Am. Stat.Assoc. 53:457-481. 

43. Kastenbaum, M.A.; Bowman, K.O. (1970) 
Tables for determining the statistical signifi- 
cance of mutation frequencies. Mutat. Res. 
9~527-549. 

44. Klimiuk, P.S.; Davies, M.; Adams, P.H.  
(1981) Primary hyperparathyroidism and thia- 
zide diuretics. Postgrad. Med. J.57:80-83. 

45. Kolata, G. (1982) Heart study produces a sur-
prise result. Science 218:31-32. 

46. Kuller, L.H.; Hulley, S.B.; Cohen, J .D. ;  
Neaton, J. (1986) Unexpected effects of treating 
hypertension in men with electrocardiographic 
abnormalities: A critical analysis. Circulation 
73~114-123. 

47. Lijinsky, W.; Reuber, M.D. (1987)Pathologic 
effects of chronic administration of hydrochloro- 
thiazide, with and without sodium nitrite, to 
F344 rats. Toxicol. Ind. Health 3:413. 

48. Linhart, M.S.; Cooper, J.; Martin, R.L.; Page, 
N.; Peters, J. (1974) Carcinogenesis Bioassay 
Data System. Comput. Biomed. Res. 7:230-248. 

49. Mantel, N.; Haenszel, W. (1959) Statistical 
aspects of the analysis of data from retrospective 
studies of disease. J .  Natl. Cancer Inst. 22719-
748. 

50. Maren, T.H.; Ellison, A.C. (1971)The terato- 
logical effect of certain thiadiazoles related to 
acetazolamide, with a note on sulfanilamide and 
thiazide diuretics. Johns  Hopkins Med. J .  
130195-104. 

51. Margolin, B.H.; Collings, B.J.; Mason, J.M. 
(1983) Statistical analysis and sample-size de- 
terminations for mutagenicity experiments with 
binomial responses. Environ. Mutagen. 5705-
716. 

52. Maronpot, R.R.; Boorman, G.A. (1982) Inter-
pretation of rodent hepatocellular proliferative 
alterations and hepatocellular tumors in chemi- 
cal safety assessment. Toxicol. Pathol. 10:71-80. 

53. McConnell, E.E. (1983a) Pathology require- 
ments for rodent two-year studies. I. A review 
of current procedures. Toxicol. Pathol. 11:60-64. 

54. McConnell, E.E. (1983b) Pathology require- 
ments for rodent two-year studies. II. Alterna- 
tive approaches. Toxicol. Pathol. 11:65-76. 

55. McConnell, E.E.; Solleveld, H.A.; Swenberg, 
J.A.; Boorman, G.A. (1986) Guidelines for com- 
bining neoplasms for evaluation of rodent carci- 
nogenesis studies. J. Natl. Cancer Inst. 76:283-
289. 

56. Melby, J .C. (1986) The renin-angiotensin-al- 
dosterone complex. Am. J.Med. 81(Suppl. 4 C W  
12. 

57. The Merck Index (1983) 10th ed. Rahway, 
NJ: Merck & Co., Inc., pp. 692-693. 

58. Miller, M.E.; Cohn, R.D.; Burghart, P.H. 
(1982) Hydrochlorothiazide disposition in  a 
mother and her breast-fed infant. J. Pediatr. 
10 1 :789-79 1. 

59. Minnich, V.; Smith, M.E.; Thompson, D.; 
Kornfeld, S. (1976) Detection of mutagenic ac- 
tivity in human urine using mutant strains of 
Salmonella typhimurium. Cancer 38: 1253-1258. 

60. Mortelmans, K.; Haworth, S.;Lawlor, T.; 
Speck, W.; Tainer, B.; Zeiger, E. (1986) Sal-
monella mutagenicity tests. II. Results from the 
testing of 270 chemicals. Environ. Mutagen. 
~ (SUPP~.7):1-119. 

61. Myhr, B.; Bowers, L.; Caspary, W.J. (1985) 
Assays for the induction of gene mutations a t  
the thymidine kinase locus in L5178Y mouse 
lymphoma cells in culture. Prog. Mutat. Res. 
51555468. 

62. National Cancer Insti tute (NCI)  (1976) 
Guidelines for Carcinogen Bioassay in Small Ro- 
dents. NC1 Technical Report No. 1. U.S.De-
partment of Health, Education, and Welfare, 
Public Health Service, National Institutes of 
Health, Bethesda, MD. 65 p. 

Hydrochlorothiazide, NTP TR 357 72 



I 

V. REFERENCES 


63. National Institutes of Health (NIH) (1978) 
Open Formula Rat and Mouse Ration (NIH-07). 
Specification NIH-11-1335. U.S. Department of 
Health, Education, and Welfare, Public Health 
Service, National Institutes of Health, Bethesda, 
MD. 

64.National Toxicology Program (NTP) (1989) 
Toxicology and Carcinogenesis Studies of Furo- 
semide in F344/N Rats and B6C3F1 Mice. NTP 
Technical Report No. 356. U.S.Department of 
Health and Human Services, Public Heal th  
Service, National Institutes of Health, Research 
Triangle Park,  NC. 190 p. 

65. Nordqvist, P.; Cramer, G.; Bjorntorp, P.  
(1959) Thrombocytopenia during chlorothiazide 
treatment. Lancet, pp. 271-272. 

66. Overlack, A.; Stumpe, K.O.; Muller, H.-M.; 
Kolloch, R.; Higuchi, M. (1982) Interactions of 
diuretics with the renal kallikrein-kinin and 
prostaglandin systems. Klin.  Wochenschr. 
60:1223-1228. 

67. Paloyan, E.; Forland, M.; Pickleman, J.R. 
(1969) Hyperparathyroidism coexisting with hy- 
pertension and prolonged thiazide administra- 
tion. J.Am. Med. Assoc. 210:1243-1245. 

68. Pharmacy Times (1986) Top 200 drugs of 
1985: A 1.4% increase in refills nudges 1985 Rxs 
1:1% ahead of 1984 volume. April, pp. 25-33. 

69. Pickleman, J.R.; Straus, F.H., II; Forland, 
M.; Paloyan, E. (1969) Thiazide-induced para- 
thyroid stimulation. Metabolism 18367-873. 

701. Rahn, K.H. (1983) Clinical pharmacology of 
diuretics. Clin. Exp. Hypertens. A5:157-166. 

71. Rao, G.N.; Piegorsch, W.W.; Haseman, J.K. 
(1987) Influence of body weight on the incidence 
of spontaneous tumors in rats and mice of long- 
term studies. Am. J.Clin. Nutr. 45:252-260. 

72. Reed, B.R.; Huff,J.C.; Jones, S.K.; Orton, 
P.W.; Lee, L.A.; Norris, D.A. (1985) Subacute cu- 
taneous lupus erythematosus associated with 
hydrochlorothiazide therapy. Ann. Intern. Med. 
103:49-51. 

73. Sarva, R.P.; Gavaler, J.S.;Van Thiel, D.H. 
(1985) Thiazide-induced hypercholesterolemia: 
Sex differences. Life Sci. 37:1817-1822. 

74. Siek, T.J.; Osiewicz, R.J.; Bath, R.V. (1976) 
Identification of drugs and other toxic com- 
pounds from their ultraviolet spectra. Part III: 
Ultraviolet absorption properties of 22 struc-
tural groups. J. Forensic Sci. 21:525-551. 

75. Struyker-Boudier, H.A. J.; Smits, J.F.M. ; 
Kleinjans, J.C.S.; van Essen, H. (1983) Hemody- 
namic actions of diuretic agents. Clin. Exp. Hy- 
pertens. A5:209-223. 

76. Swanson,, M.; Cook, R., Eds. (1977) Drugs, 
Chemicals and Blood Dyscrasias. A Summary of 
Blood Abnormalities Associated With Exposure 
to Specific Drugs and Chemicals. Hamilton, IL: 
Drug Intelligence Publications, Inc., pp. 506- 
509. 

77. Tarone, R.E. (1975) Tests for trend in  life 
table analysis. Biometrika 62:679-682. 

78. Valencia, R.; Mason, J.M.; Woodruff, R.C.; 
Zimmering, S. (1985) Chemical mutagenesis 
testing in Drosophila: III. Results of 48 coded 
compounds tested for the National Toxicology 
Program. Environ. Mutagen. 7:325-348. 

79. Waskell, L. (1978) Study of the mutagenicity 
of anesthetics and their metabolites. Mutat. 
Res. 57:141-153. 

80. Walter, S.J.; Shirley, D.G. (1986) The effect 
of chronic hydrochlorothiazide administration 
on renal function in the rat. Clin. Sci. 70:379-
387. 

81.Welling, P.G. (1986) Pharmacokinetics of the 
thiazide diuretics. Biopharm. Drug Dispos. 
7:501-535. 

82. Welt, S.I.; Dorminy, J.H., III; Jelovsek, F.R.; 
Crenshaw, M.C.; Gall, S.A. (1981)The effect of 
prophylactic management and therapeutics on 
hypertensive disease in pregnancy: Preliminary 
studies. Obstet. Gynecol. 57:557. 

73 Hydrochlorothiazide, NTP TR 357 



V. REFERENCES 

83. Whelton, A. (1986)An overview of national 
patterns and preferences in diuretic selection. 
Am. J, Cardiol. 57:2A-5A. 

84. Williams, R.L.; Davies, R.O.; Berman, R.S.; 
Holmes, G.I.; Huber, P.; Gee, W.L.; Lin, E.T.; 
Benet, L.Z. (1982)Hydrochlorothiazide Pharma- 
cokinetics and pharmacologic effect: The influ- 
ence of indomethacin. J.Clin. Pharmacol. 22:32-
41.. 

85.Wilson, T.W. (1986)The antihypertensive 
action of hydrochlorothiazide and renal pros- 
tacyclin. Clin. Pharmacol. Ther. 39:94-101. 

86.Wilson, D.R.; Honrath, U.; Sonnenberg, H. 
(1983)Thiazide diuretic effect on medullary col- 
lecting duct function in the rat. Kidney Int. 
23:711-716. 


Hydrochlorothiazide, NTP TR 357 74 



APPENDIX A 

SUMMARY OF LESIONS IN MALE RATS IN 

THE TWO-YEAR FEED STUDY OF 

HYDROCHLOROTHIAZIDE 

PAGE 

TABLE A l  	 SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE TWO-
YEAR FEED STUDY OF HYDROCHLOROTHIAZIDE 77 

TABLE A2 	 INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE TWO-YEAR 
FEED STUDY OF HYDROCHLOROTHIAZIDE 80 

TABLE A3 	 ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE TWO-YEAR FEED STUDY 
OF HYDROCHLOROTHIAZIDE 90 

TABLE A4a 	 HISTORICAL INCIDENCE OF ZYMBAL GLAND TUMORS IN MALE F344/N RATS 
RECEIVING NO TREATMENT 94 

TABLE A4b 	 HISTORICAL INCIDENCE OF LEUKEMIA IN MALE F344/N RATS RECEIVING NO 
TREATMENT 94 

TABLE A5 	 SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS 
IN THE TWO-YEAR FEED STUDY OF HYDROCHLOROTHIAZIDE 95 

75 Hydrochlorothiazide, NTP TR 357 



El ydrochlorothiazide, NTP TR 357 76 



TABLE Al. SUMMARY O F  THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE TWO-YEAR FEED 
STUDY O F  HYDROCHLOROTHIAZIDE 

Animals initially in study 
Animals necropsied 
Animals examined histopathologically 

INTEGUMENTARY SYSTEM 
*Multiple organs 

Fibrous histiocytoma 
*Skin 


Squamous cell papilloma 

Squamous cell carcinoma 

Basal cell tumor 

Trichoepithelioma 

Sebaceous adenoma 

Keratoacanthoma 


*Subcutaneous tissue 

Fibroma 

Fibrosarcoma 

Fibrous histiocytoma 

Neurilemoma, malignant 


RESPIRATORY SYSTEM 
#Nasal cavity 

Squamous cell carcinoma 
#Lung

Alveolar/bronchiolar adenoma 
C-cell carcinoma, metastatic 
Neurilemoma, metastatic 

HEMATOPOIETIC SYSTEM 
*Multiple organs 

Leukemia, mononuclear cell 
#Spleen

Fibrosarcoma 

CIRCULATORY SYSTEM 
*Vertebra 

Hemangiosarcoma 

DIGESTIVE SYSTEM 
*Palate 

Squamous cell carcinoma 
*Tongue 

Squamous cell papilloma 
#Salivary gland 

Neurilemoma, malignant 
#Liver 

Neoplastic nodule 
Hepatocellular carcinoma 
Neurilemoma, metastatic 

#Forestomach 

Squamous cell papilloma 


~ ~~ 

URINARY SYSTEM 
#Kidney

Tubular cell adenoma 

Untreated Control 

50 
50 
50 

(50) 

(50) 

1 (2%) 
1 (2%) 
1 (2%)
6 (12%) 

(50)
2 (4%) 
1 (2%) 

2 (4%) 

(50) 
33 (66%) 

(50) 

(50)

3 (6%) 


77 

LOWDose 

50 
49 
49 

(49) 

(49) 
1 (2%) 

1 (2%) 
(49)

3 (6%) 

1 (2%) 

(49) 
21 (43%) 

(49) 
1 (2%) 

Mid Dose 

50 
50 
50 

(50) 
1 (2%)

(50) 

1 (2%) 

2 (4%) 

1 (2%) 
(50)

2 (4%) 

(50) 
16 (32%) 

(49) 

High Dose 

50 
50 
50 

(50) 

(50) 
1 (2%) 
1 (2%) 
1 (2%) 
1 (2%) 

3 (6%) 
(50)


1 (2%) 

(50) 
25 (50%) 

(50) 

149) 

1 (2%) 

(50) (50) 
1 (2%) 

Hydrochlorothiazide, NTP TR 357 



TABLE Al. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE TWO-YEAR FEED 
STUDY OF HYDROCHLOROTHIAZIDE (Continued) 

Untreated Control Low Dose Mid Dose High Dose 

ENDOCRINE SYSTEM 
#Anterior pituitary 

Carcinoma, NOS 
Adenoma, NOS 

Carcinoma, NOS 
Adenoma, NOS 

#Adrenal medulla 
Pheochromocytoma 
Pheochromocytoma, malignant 

Follicular cell adenoma 
Follicular cell carcinoma 
C-cell adenoma 
C-cell carcinoma 

#Pancreatic islets 
Islet cell adenoma 
Islet cell carcinoma 

#Adrenal cortex 

#Thyroid 

(49) 
1 (2%)
7 (14%)

(49) 

(49) 

(49) 

21 (43%) 
1 (2%) 

6 (12%) 
1 (2%)

(49) 

(50) 
21 (42%) 
1 (2%) 

(50) 

3 (6%) 
1 (2%) 

(50) 

REPRODUCTIVE SYSTEM 
"Mammary gland 

Adenoma, NOS 
Adenocarcinoma, NOS 
Fibroadenoma 

Carcinoma, NOS 
Adenoma, NOS 

Interstitial cell tumor 

"Preputial gland 

:#Testis 

(50) 

4 (8%)
2 (4%) 

46 (92%) 

(50) 

(50) 

(49)
1 (2%) 
2 (4%)
1 (2%) 

2 (4%)
3 (6%) 

45 (92%) 

(49) 

(49) 

(50) 

3 (6%)
5 (10%) 

48 (96%) 

(50) 

(50) 

(50) 

1 (2%) 

2 (4%)
4 (8%) 

46 (92%) 

(50) 

(50) 

NERVOUS SYSTEM 
#Brain 

Carcinoma, NOS, invasive 
Granular cell tumor, benign
Astrocytoma 

SPECIAL SENSE ORGANS 

Carcinoma, NOS 
Adenoma, NOS 

"Zymbal gland (50)
1 (2%) 

(49)
1 (2%) 

(50)
1 (2%)
1 (2%) 

(50)
2 (4%)
2 (4%) 

MIYSCULOSKELETAL SYSTEM 
"Bone 

Osteochondroma 

BODY CAVITIES 
*Abdominal cavity 

Mesothelioma, NOS 
Neurilemoma, malignant 

Mesothelioma, NOS 
*Tunica vaginalis 

(50)
1 (2%) 
1 (2%) 

1 (2%)
(50) 

(49)
1 (2%) 

1 (2%)
(49) 

(50)
1 (2%) 

2 (4%) 
(50) 

(50)
2 (4%) 

1 (2%) 
(50) 
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TABLE Al .  SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE TWO-YEAR FEED 
STUDY OF HYDROCHLOROTHIAZIDE (Continued) 


Untreated Control Low Dose Mid Dose High Dose 


ALL OTHER SYSTEMS 
*Multiple organs 

Histiocytic sarcoma 
Cranial cavity 

Carcinoma, NOS, metastatic 

ANIMAL DISPOSITION SUMMARY 
Animals initially in study 


Natural death 

Moribund sacrifice 

Terminal sacrifice 


TUMOR SUMMARY 
Total animals with primary tumors** 

Total primary tumors 
Total animals with benign tumors 

Total benign tumors 
Total animals with malignant tumors 

Total malignant tumors 
Total animals with secondary tumors## 

Total secondary tumors 
Total animals with tumors- 

uncertain benign or malignant 
Total uncertain tumors 

50 

7 

25 
18 

50 
154 
49 
98 
45 
53 

1 
2 

2 
3 

50 

11 
28 
11 

49 
124 
47 
91 
27 
31 

1 
1 

1 
2 

50 50 
15 11 
28 28 
7 11 

50 48 
116 130 
50 47 
87 92 
24 32 
26 33 

2 
2 

2 4 
3 5 

* Number of animals receiving complete necropsy examination; all gross lesions including masses examined microscopically. 
** Primary tumors: all tumors except secondary tumors 
# Number of animals examined microscopically a t  this site 
## Secondary tumors: metastatic tumors or tumors invasive into a n  adjacent organ 
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE TWO-YEAR FEED 
STUDY OF HYDROCHLOROTHIAZIDE: UNTREATED CONTROL 

-I.--

ANIMAL 	 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
NUMBER 	 1 3 3 3 2 0 0 0 3 2 2 3 4 0 2 1 2 1 1 0 1 1 4 2 3 

3 0 2 8 1 1 6 2 7 5 6 9 6 8 9 9 7 2 6 5 0 7 2 4 4 

D 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

1 6 7 7 8 8 8 8 8 8 8 8 8 9 9 9 9 9 9 9 9 9 9 9 9 
9 6 1 4 0 2 2 4 4 5 6 6 8 0 0 1 3 5 5 6 6 7 7 8 9 

Skin 	 + + + + + + + + + + + + + + + + + + + + + + + + +  
Basal cell tumor 

l'nchoepithelioma

Sebaceous adenoma 

Keratoacanthoma X 


Subcutaneous tissue 	 . . . . . . . . . . . . . . . . . . . . . . . . .  

Fibroma 
Fibrosarcoma 
Pleunlemorna. malignant X 

Lungs and bronchi 	 . . . . . . . . . . . . . . . . . . . . . . . . .  

Alvgolarlbronchiolar adenoma 

Neunlemoma, metastatic 


Trachea 	 . . . . . . . . . . . . . . . . . . . . . . . . .  

Nasal cavity 	 . . . . . . . . . . . . . . . . . . . . . . . . .  


Bone marrow 	 . . . . . . . . . . . . . . . . . . . . . . . . .  

Spleen 	 . . . . . . . . . . . . . . . . . . . . . . . . .  

L mphncdes 	 . . . . . . . . . . . . . . . . . . . . . . . . .  

Tiymus 	 . . . . . . . . . . . . . . . . . . . . . . . . .  


h a r t  . . . . . . . . . . . . . . . . . . . . . . . . .  
MCFSmVeSPSFElCl 
Oral cavity N N N N N N N N N N N N N N N N N N N N N N N N N  

§quamous cell camnoma X 
Saliva gland 	 . . . . . . . . . . . . . . . . . . . . . . . . .  


FleuXemoma. malignant 	 X 
L,iver 	 . . . . . . . . . . . . . . . . . . . . . . . . .  


Neoplastic nodule 

Neunlemoma. metastatic 


Bile duct 	 . . . . . . . . . . . . . . . . . . . . . . . . .  

Pancreas 	 . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  
:;;:W 	 . . . . . . . . . . . . . . . . . . . . . . . . .  


Squamous call papilloma 	 X 
Small intestine 	 . . . . . . . . . . . . . . . . . . . . . . . . .  

Large intestine 	 . . . . . . . . . . . . . . . . . . . . . . . . .  

I-

Kidney 	 . . . . . . . . . . . . . . . . . . . . . . . . .  


Tubularcell adenoma 	 x x 
Urinary bladder 	 . . . . . . . . . . . . . . . . . . . . . . . . .  


+: Tissue examined microseonicallv 	 ' No tissue information submitted -. Required tissue not exami'ned microscopically GI Necropsy, no histology due to protocol 

Xj Tumor incidence A: Autolvsis 

N: Necropsy, no autolysis, no microscopic examination 	 M: Animal missing 
S: Animal m i s s e d  	 B No necropsy performed 
* Animals necropsied 
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: UNTREATED CONTROL 
-

ANIMAL 
NUMBER 

WEEKSON 

STUDY 

Sebaceous adenoma 
Keratoacanthoma 

Subcutaneoua tissue 
Fibroma 
Fibrosarcoma 
Neurilemoma. malignant 

Lungs and bronchi 
Alveolar/bronchiolar adenoma 
Neurilemoma, metaatatic 

Trachea 
Nasal cavity 

Bone marrow 
Soleen 
L* mph nodes 
Tiymua 

Heart 


Oralcavitv 

Liver 
Neoplastic nodule 
Neunlemoma, metastatic 

Bile duct 
Pancreas 

2%jfl.
Squamous cell papilloma 

Small intestine 
Large intestine 

Kidney
Tubular cell adenoma 

Unnary bladder 

(Continued) 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

4 3 . 3 4 0 3 4 0 0 0 1 1 1 1 2 2 2 2 3 4 4 4 4 4 5  

3 5 3 0 7 6 5 3 4 9 1 4 5 8 0 2 3 8 1 1 4 7 8 9 0  


TOTAL: 
1 1  1 1  1 1  1 1  1 I 1 1  1 i 1  1  1 1  1 1  1 1  1 1  1 TISSUES 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 TUMORS 

0 1 2 3 4 4 4 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 1 7 7  


. . . . . . . . . . . . . . . . . . . . . . . . .  'SO

X l 


X 

X


X X x x X 
. . . . . . . . . . . . . . . . . . . . . . . . .  
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: UNTREATED CONTROL
(Continued)

ANIMAL
NUMBER

WEEKS ON
STUDY

ENDOCRINE SYSTEM
Pituitary

Adenoma, NOS
Adrenal

Carcinoma, NOS
Adenoma, NOS
Pheochromocytoma
Pheochromocytoma, malignant

Thyroid
Follicular cell carcinoma
C-cell adenoma
C-cell carcinoma

Parathyroid
Pancreatic islets

Islet cell adenoma
Islet cell carcinoma

REPRODUCTIVE SYSTEM
Mammary gland
Testis

Interstitial cell tumor
Prostate
Preputial/chtoral gland

Carcinoma, NOS
Adenoma, NOS

NERVOUS SYSTEM
Brain

Granular cell tumor, benign

SPECIAL SENSE ORGANS
Zymbal gland

Carcinoma, NOS

MUSCULOSKELETAL SYSTEM
Bone

Hemangiosarcoma

BODY CAVITIES
Peritoneum

Mesothehoma, NOS
Neunlemoma, malignant

Tunica vaginahs
Mesothehoma, NOS

ALL OTHER SYSTEMS
Multiple organs, NOS

Leukemia, mononuclear cell
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE
(Continued)

RATS: UNTREATED CONTROL

ANIMAL
NUMBER

WEEKS ON
STUDY

ENDOCRINE SYSTEM
Pituitary

Adenoma, NOS
Adrenal

Carcinoma, NOS
Adenoma, NOS
Pheochromocytoma
Pheochromocytoma, malignant

Thyroid
Folhcnlar cell carcinoma
C-cell adenoma
C-cell carcinoma

Parathyroid
Pancreatic islets

Islet cell adenoma
Islet cell carcinoma

Ktl'HOuUUTIVE SYSTEM
Mammary gland
Testis

Interstitial cell tumor
Prostate
Preputial/clitoral gland

Carcinoma, NOS
Adenoma, NOS

NKttVOUS SYSTEM
Brain

Granular cell tumor, benign

SPECIAL SENSE ORGANS
Zymbal gland

Carcinoma, NOS

MUSCULOSKELETAL SYSTEM
Bone

Hemangiosarcoma

BODY CAV1T1KS
Pentoneum

Mewthelioma, NOS
Neunlemoma, malignant

Tunica vaginahs
Meiothelioma, NOS

ALL OTHER SYSTEMS
Multiple organs, NOS

Leukemia, mononuclear cell
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE TWO-YEAR FEED
STUDY OF HYDROCHLOROTHIAZIDE: LOW DOSE

ANIMAL
NUMBER

WEEKS ON
STUDY

INTEGUMENTARY SYSTEM
Skin

Squamous cell papilloma
Keratoaeanthoma

Subcutaneous tissue
Fibroma
Fibrous histiocytoma

RESPIRATORY SYSTEM
Lungs and bronchi
Trachea
Nasal cavity

HEMATOPOIETIC SYSTEM
Bone marrow
Spleen

Fibrosarcoma
Lymph nodes
Thymus

CIRCULATORY SYSTEM
Heart

LUlitSTlVB SYSTEM
Salivary gland
Liver
Bile duct
Pancreas
Esophagus
Stomach
Small intestine
Large intestine

URINAKY SYSTEM
Kidney

Tubular cell adenoma
Urinary bladder

ENDOCRINE SYSTEM
Pituitary

Carcinoma, NOS
Adenoma, NOS

Adrenal
Fheochromocytoma
Pheochromocytoma, malignant

Thyroid
C celt adenoma
C-ce 11 carcinoma

Parathyroid

REPRODUCTIVE SYSTEM
Mammary gland

Adenoma, NOS
Adenocarcinoma, NOS
Fibroadenoma

Testis
Interstitial cell tumor

Prostate
Preputial/chtoral gland

Carcinoma, NOS
Adenoma, NOS

NERVOUS SYSTEM
Brain

Carcinoma, NOS, invasive
Astrocytoma

SPECIAL SENSE ORGANS
Zymbal gland

Carcinoma, NOS

BODY CAVITIES
Pentoneum

Mesothehoma, NOS
Tunica vaginahs

Mesothehoma, NOS

ALL OTHER SYSTEMS
Multiple organs, NOS

Leukemia, mononuclear cell
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: LOW DOSE
(Continued)

ANIMAL
NUMBER

WEEKS ON
STUDY

INTEGUMENTARY SYSTEM
Skin

Squamous cell papllloma
K e ratoacanthoma

Subcutaneous tissue
Fibroma
Fibrous histiocytoma

RESPIRATOR* SYSTEM
Lungs and bronchi
Trachea
Nasal cavity

HEMATOPOIETIC SYSTEM
Bone marrow
Spleen

Fibrosarcoma
Lymph nodes
Thymus

CIRCULATORY SYSTEM
Heart

DIGESTIVE SYSTEM
Salivary gland
Liver
Bile duct
Pancreas
Esophagus
Stomach
Small intestine
Large intestine

URINARY SYSTEM
Kidney

Tubular cell adenoma
Urinary bladder

ENDOCRINE SYSTEM
Pituitary

Carcinoma, NOS
Adenoma, NOS

Adrenal
Pheochromocytoma
Pheochromocytoma, malignant

Thyroid
C cell adenoma
C cell carcinoma

Parathyroid

REPRODUCTIVE SYSTEM
Mammary gland

Adenoma, NOS
Adenocarcmoma, NOS
Fibroadenoma

Testis
Interstitial call tumor

Prostate
Preputial/chtoral gland

Carcinoma, NOS
Adenoma, NOS

NERVOUS SYSTEM
Brain

Carcinoma, NOS, invasive
Astrocytoma

SPECIAL SENSE ORGANS
Zymbal gland

Carcinoma, NOS

BODV CAVITIES
Peritoneum

Mesothehoma, NOS
Tunica vagmahs

Mesothehoma, NOS

ALL OTHER SYSTEMS
Multiple organs, NOS

Leukemia, mononuclear cell
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE TWO-YEAR FEED
STUDY OF HYDROCHLOROTHIAZIDE: MID DOSE

ANIMAL
NUMBER

WEEKS ON
STUDY

INTEGUMENTARY SYSTEM
Skin

Squamous cell carcinoma
Tnchoepithelioma
Keratoacanthoma

Subcutaneous tissue
Fibroma

RESPIRATORY SYSTEM
Lungs and bronchi
Trachea
Nasal cavity

Squamous cell carcinoma

HEMATOPOIETIC SYSTEM
Bone marrow
Spleen
Lymph nodes
Thymus

CIRCULATORY SYSTEM
Heart

DIGESTIVE SYSTEM
Oral cavity

Squamous cell papiltoma
Salivary gland
Liver

Hepatocellular carcinoma
Bile duct
Pancreas

Stomach
Small intestine
Large intestine

URINARY SYSTEM
Kidney
Urinary bladder

ENDOCRINE SYSTEM
Pituitary

Adenoma, NOS
Adrenal

Pheochromocytoma
Pheochromocytoma, malignant

Thyroid
Folhcular cell adenoma
C-ce 11 adenoma
C-cell carcinoma

Parathyroid
Pancreatic islets

Islet cell carcinoma

REPRODUCTIVE SYSTEM
Mammary gland
Testis

Interstitial cell tumor
Prostate
Preputial/clitoral gland

Carcinoma, NOS
Adenoma, NOS

NERVOUS SYSTEM
Brain

SPECIAL SENSE ORGANS
Zymbal gland

Carcinoma, NOS
Adenoma, NOS

BODY CAViTlES
Peritoneum

Mesothelioma, NOS
Tunica vaginahs

Mesothehoma, NOS

ALL OTHER SYSTEMS
Multiple organs, NOS

Fibrous histiocytoma
Leukemia, mononuclear cell
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: MID DOSE
(Continued)

ANIMAL
NUMBER

WEEKS ON
STUDY

INTEGUMENTARY SYSTEM
Skin

Squamous cell carcinoma
Tnchoepithehoma
Keratoacanthoma

Subcutaneous tissue
Fibroma

RESPIRATORY SYSTEM
Lungs and bronchi
Trachea
Nasal cavity

Squamous cell carcinoma

HEMATOPOIETIC SYSTEM
Bone marrow
Spleen
Lymph nodes
Thymus

CIRCULATORY SYSTEM
Heart

DIGESTIVE SYSTEM
Oral cavity

Squamous cell papilloma
Salivary gland
Liver

Hepatocellular carcinoma
Bile duct
Pancreas
Esophagus
Stomach
Small intestine
Large intestine

URINARY SYSTEM
Kidney
Unnary bladder

ENDOCRINE SYSTEM
Pituitary

Adenoma, NOS
Adrenal

Pheochromocytoma
Pheochromocytoma, malignant

Thyroid
Folhcular cell adenoma
C cell adenoma
C cell carcinoma

Parathyroid
Pancreatic islets

Islet cell carcinoma

REPRODUCTIVE SYSTEM
Mammary gland
Testis

Interstitial cell tumor
Prostate
Prepntial/clitoral gland

Carcinoma, NOS
Adenoma, NOS

NERVOUS SYSTEM
Brain

SPECIAL SENSE ORGANS
Zymbal gland

Carcinoma, NOS
Adenoma, NOS

BODY CAVITIES
Pentoneum

Mesothehoma, NOS
Tunica vaginahs

Mesothehoma, NOS

ALL OTHER SYSTEMS
Multiple organs, NOS

Fibrous histiocytoma
Leukemia, mononuclear cell
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE TWO-YEAR FEED
STUDY OF HYDROCHLOROTHIAZIDE: HIGH DOSE

ANIMAL
NUMBER

WEEKS ON
STUDY

INTEGUMENTARY SYSTEM
Skin

Squa mous cell papilloma
Squa mous cell carcinoma
Basal cell tumor
Tnchoepithehoma
Ke ra toaca nthoma

Subcutaneous tissue
Fibroma

RESPIRATORY SYSTEM
Lungs and bronchi

Alveolar/bronchiolar adenoma
C-ce!l carcinoma, metastatic

Trachea
Nasal cavity

HEMATOPOIETIC SYSTEM
Bone marrow
Spleen
Lymph nodes
Thymus

CIRCULATORY SYSTEM
Heart

DIGESTIVE SYSTEM
Salivary gland
Liver

Neoplastic nodu'e
Bile duct
Pancreas
Esophagus
Stomai h
Small intestine
Large intestine

URINARY SYSTEM
Kidney

Tubular cell adenoma
Unnary bladder

ENDOCRINE SYSTEM
Pituitary

Adenoma, NOS
Adrenal

Pheo< hromocytoma
Pheorhromocytoma, malignant

Thyroid
C eel! adenoma
C eel! carcinoma

Parathyroid

REPRODUCTIVE SYSTEM
Mammary gland

Fibroadenoma
Testis

Inter titial cell tumor
Prostate
Preput al/cbtoral gland

Carci aoma, NOS
Adenoma, NOS

NERVOUS SYSTEM
Brain

SPECIAL SENSE GROANS
Zymbal gland

Carcinoma, NOS
Adenoma, NOS

MUSCULOSKELETAL SYSTEM
Bone

Osteorhondroma

BODY CAVITIES
Peritoneum

Mesothehoma, NOS
Tunica vagmahs

Mesothehoma, NOS

ALL OTHER SYSTEMS
Multiple organs, NOS

Histiocytic sarcoma
Leukemia, mononuclear cell

Cramal cavity
Carcinoma, NOS, metastatic

0| 0| Ol 0| 0 0 0 0 0 01 0 01 01 01 0 0 01 01 01 0 01 01 01 01 0
2 3 2 3 4 2 4 3 3 1 2 3 4 0 3 4 0 0 0 5 3 1 2 4 1
2| 3\ 5| 9| 9 8 8 0 7 o| 6 e| 1\ 5\ 5 3 l| 3\ 2| 0 8J 4| l| o| 7
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+ + + + + + + + + + + + + + + + + + + + + + + + +

X
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X
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X X

X

+ + + + + + + + + + + + + + + + + + + + + + + + +

+ + + + + + + + + + + 4  ++ + +

+ + + + + + + + + + + + + + + + + H  + + + + + + +
+ + + + + + + + + + + + + + + + + + + + + + + + +

X

+ + + + + + + + + + + + + + + + + + + + + + + + +
+ + + + + + + + + + + + + + + + + + + + + + + + +

x x x
X  X X X X  X X X X

X
X

X X  X X X X X X X X X X X X X X X X X X X
+ + + + + + + + + + + + + + + + + + + + + + + + +
N N N N N N N N N N N N N N N N N N N N N N N N N

+ + + + + + + + + + + + + + + + + + + . + + + + +

N N N N N N N N N N N N N N N N N N N N N N N N N
X

X X

N N N N N N N N N N V + N N N N N N N N N N N N +

N N N N N N N N N N N N N N N N N N N N N N N N N
X X

X

N N N N N N N N N N N N N N N N N N N N N N N N N
X

X  X X X  X X X X X X X X X X X X

X
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: HIGH DOSE
(Continued)

ANIMAL 0 0
NUMBER 3 4

2 4

WEEKS ON 11 1
STUDY 0 0

0| 0

INTEGUMENTARY SVSTEM
Skin + 4

Squamous cell papilloma
Squamous cell carcinoma
Basal cell tumor
Tnchoepithehoma
Keratoacanthoma

Subcutaneous tissue 4- 4-
Fibroma

RESPIRATORY SYSTEM
Lungs and bronchi 4- 4-

Alveolar/bronchiolar adenoma
C-cell carcinoma, metastatic

Trachea 4- 4-
Nasal cavity 4- 4-

HEMATOPOIETIC SYSTEM
Bone marrow 4- 4-
Spleen 4- 4-
Lymph nodes 4- 4-
Thymus 4- 4-

CIRCULATORY SYSTEM
Heart 4- 4-

DIGESTIVE SYSTEM

Neoplastic nodule
Bile duct 4- 4-

Esophagus 4- 4-

Large intestine 4- 4-

URINARY SYSTEM
Kidney 4- 4-

Tubular cell adenoma
Unnary bladder 4- 4-

ENDOCRINE SYSTEM
Pituitary 4- 4-

Adenoma, NOS
Adrenal 4- 4-

Pheochromocytoma X
Pheochromocytoma, malignant

Thyroid + +
C-cell adenoma
C-cell carcinoma

Parathyroid 4- 4-

REPRODUCTIVE SYSTEM

Fibroadenoma
Testia 4- 4-

Interstitial cell tumor X X
Prostate 4- 4-
Preputlal/clitoral gland N N

Carcinoma, NOS
Adenoma, NOS

NERVOUS SYSTEM
Brain 4  +

SPECIAL SENSE ORGANS
Zymbal gland N N

Carcinoma, NOS
Adenoma, NOS

MUSCULOSKELETAL SYSTEM
Bone N N

Osteochondroma

BODY CAVITIES
Peritoneum N N

Mesothehoma, NOS
Tunica vaginalis + 4-

Mesothelioma, NOS

ALL OTHER SYSTEMS
Multiple organs, NOS N N

Histiocytic sarcoma
Leukemia, mononuclear cell X

Cranial cavity
Carcinoma, NOS, metastatic

o ol ol ol ol ol ol ol ol ol ol o
4 4 0 0 1 1 2 2 2 0 0 1
5 6J 4| ?| l| 8\ 3} 4| 7J 6\ 9\ 5

11 11 1 11 11 1 1 11 1 1  If I]
0 0 0 0 0 0 0 0 0 0 0 0
l| l| 2 2| 2| 3 3 3| 4 5 5\ 5\

4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4
X

X X
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+ 4 . 4 . 4 . 4 . 4 . 4 . 4 . 4 . 4 . 4 . 4 .

X

x x x x x x x x x x x x
4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 -
N N N N N N N N N N N N

X

N N N N N N N N N N N N

4 - N N N N N N N N N N N

N N N N N N N N N N N N

N N N N N N N N N N N N

X X
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8 2 3 6| 9 0| 9| l| 4| l| 2
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2
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1

N N N N N N N N N N N »50
1
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TABLE A3. ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE TWO-YEAR FEED STUDY O F  
HYDROCHLOROTHIAZIDE 

Control 250 ppm 

Skin: Basal Cell Tumor, Trichoepithelioma, or Sebaceous Adenoma 

300 ppm 

2/50 (4%) 
10.0% 
0/9 (0%)
97 
P=0.633 
P =0.628N 

P=0.500N 

1/50 (2%) 
4.0% 
019 (0%)
96 
P=O.l83N 
P=0.135N 

P=0.056N 

2/50 (4%) 
23.0% 
1/9(11%) 
105 
P=0.474 
P=0.634N 

P=0.691 

2/50 (4%) 
23.0% 
1/9(11%) 
105 
P =0.603 
P =0.628N 

P=0.500N 

16/50 (32%) 
76.8% 
619 (67%) 
79 
P=0.086N 
P =  0.001N 

P<0.001N 

0/50 (0%)
0.0% 
0/9 (0%) 

P =0.197N 
P=O.l17N 

P=0.121N 

2,000 ppm 

2/50 (4%) 
11.5% 
1/11(9%)
92 
P =  0.671N 
P =0.674 

P=0.500N 

3/50 (6%) 
18.2% 
1/11 (9%) 
102 
P=0.436N 
P=0.377N 

P=0.243N 

1/50 (2%) 
3.8% 
0/11(0%)
100 
P=0.556N 
P=0.462N 

P =0.500N 

1/50 (2%) 
3.8% 
0/11(0%)
100 
P =0.396N 
P =0.316N 

P=0.309N 

25/50 (50%) 
74.9% 
6/11(55%)
71 
P =0.350N 
P=O.lOlN 

P=0.078N 

1/50 (2%) 
9.1% 
1/11 (9%) 
106 
P =0.402N 
P=0.316N 

P =0.309N 

Overall Rates (a) 
AdjustedRates(b) 
Terminal Rates (c)

Week of First Observation 

Life Table Tests (d) 

Incidental Tumor Tests (d) 

Cochran-Armitage Trend Test (d) 

Fisher Exact Test (d) 


Skin: Keratoacanthoma 
Overall Rates(a)
Adjusted Rates (b)
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Subcutaneous Tissue: Fibroma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d)
Fisher Exact Test (d) 

3/50 (6%) 
16.7% 
3/18 (17%) 
106 
P=0.521 
P=0.547 
P=0.612 

6/50 (12%) 
29.8% 
5/18 (28%) 
91 
P =  0.617N 
P=0.551N 
P =0.486N 

2/50 (4%) 
9.5% 
1/18 (6%) 
101 
P=0.390N 
P =0.344N 
P=0.3 19N 

Subcutaneous Tissue: Fibroma or Fibrosarcoma 
Overall Rates (a) 3/50 (6%) 
Adjusted Rates (b) 14.8% 
Terminal Rates (c) 2/18 (11%)
Week of First Observation 101 
Life Table Tests (d) P =0.304N 
Incidental TumorTests (d) P =0.263N 
Cochran-Armitage Trend Test (d) P=0.227N 
Fisher Exact Test (d) 

Hematopoietic System: Mononuclear Cell Leukemia 
Overall Rates (a)

Adjusted Rates (b) 

Terminal Rates (c) 

Week of First Observation 

Life Table Tests (d) 

[ncidental Tumor Tests (d) 

Cochran-Armitage Trend Test (d) 

Fisher Exact Test (d) 


Kidney: Tubular Cell Adenoma 
Overall Rates (a) 
A.djusted Rates (b) 
Terminal Rates (c)
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

33/50 (66%) 
80.6% 
11/18 (61%) 
71 
P=0.464 
P=0.430N 
P =0.391N 

3/50 (6%) 
11.4% 
1/18 (6%) 
95 
P=0.486N 
P=0.437N 
P =0.397N 

0149 (0%)
0.0% 
0/16 (0%) 

P =0.138N 
P=0.138N 

P=0.125N 

1/49 (2%) 
2.2% 
0116 (0%)
78 
P =0.069N 
P=0.062N 

P =0.059N 

3/49 (6%) 
10.8% 
1/16 (6%) 
79 
P =0.482 
P=0.421 

P=0.490 

3/49 (6%) 
10.8% 
1/16 (6%) 
79 
P =0.637 
P =0.585 

P=0.651 

21/49 (43%) 
55.5% 
4/16 (25%) 
71 
P =0.062N 
P=0.018N 

P =0.017N 

1/49 (2%) 
6.3% 
1/16 (6%) 
106 
P=0.322N 
P=0.296N 

P =0.316N 
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TABLE A3. ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE TWO-YEAR FEED STUDY OF 
HYDROCHLOROTHIAZIDE (Continued) 

-
Control 250 ppm 500 ppm 2,000 ppm 

Anterior Pituitary Gland: Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 

9/50 (18%) 
35.0% 
4/18(22%)
66 

7/49 (14%) 
29.7% 
3/16 (19%) 
91 

6/50 (12%) 
27.4% 
1/9(11%) 
84 

4/50 (8%)
12.3% 
0111(0%)
79 

Life Table Testa (d) 
Intidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

P=0.201N 
P=0.125N 
P=0.116N 

Pr0.420N 
P=0.358N 

P=0.410N 

P=0.553N 
P=0.337N 

P = 0 . 2 8 8 ~  

P=0.209N 
P-0.099N 

P=0.117N 

Anterior Pituitary G l a n d  Adenoma or Carcinoma 
Overall Rates (a) 9/50 (18%) 
Adjusted Rates (b) 35.0% 
Terminal Rates (c) 4/18 (22%) 
Week of First Observation 66 

8/49 (16%) 
32.7% 
3/16 (19%) 
91 

6/50 (12%) 
27.4% 
1/9(11%) 
84 

4/50 (8%) 
12.3% 
0/11(0%) 
79 

Life Table Testa (d) 
Incidental Tumor Tests (d) 

P =  0.179N 
P =0.102N 

P =0.520N 
P=0.456N 

P=O.553N 
P=0.337N 

P=0.209N 
P=0.099N 

Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

P=0.098N 
P =0.518N P=0.288N P=0.117N 

.Adrenal Gland Medulla: Pheochromocytoma 
Overall Rates (a) 15/50(30%) 
Adjusted Rates (b) 59.3% 
Terminal Rates (c) 9/18 (50%) 
Week of First Observation 86 

21/49 (43%) 
71.2% 
9/16 (56%) 
78 

16/50 (32%) 
67.1% 
3/9 (33%)
89 

21/50 (42%) 
71.6% 
5/11 (45%) 
79 

Life Table Testa (d) 
Incidental Tumor Tests td) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

P=0.097 
P=0.179 
P=0.217 

P20.137 
P=O.O99 

P=0.131 

P=O.101 
P=0.403 

P=0.500 

P=0.052 
P=0.096 

P=0.149 

Adrenal Gland Medulla: Malignant Pheochromocytoma 
Overall Rates (a) 3/50 (6%) 
Adjusted Rates (b) 11.8% 
Terminal Rates (c) 1/18(6%)
Week of First Observation 90 

1/49 (2%) 
3.2% 
0/16 (0%)
97 

1/50 (2%) 
5.9% 
OB (0%)
101 

1/50 (2%) 
5.6% 
0111(0%)
103 

Life Table Tests (d) 
Incidental Tumor Tests (d) 

P=0.398N 
P=0.324N 

P=0.305N 
P =0.322N 

P=0.433N 
P =  0.281N 

P=0.359N 
P=0.292N 

Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

P= 0.367N 
P=0.316N Pr0.309N P=0.309N 

Adrenal Gland Medulla: Pheochromocytoma or Malignant Pheochromocytoma 
Overall Rates (a) 18/50 (36%) 22/49 (45%) 
Adjusted Rates (b) 66.2% 72.1% 
Terminal Rates (c) 10118 (56%) 9/16 (56%) 
Week of First Observation 86 78 

17/50 (34%) 
69.2% 
3/9 (33%) 
89 

22/50 (44%) 
73.3% 
5/11 (45%) 
79 

Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

P =0.146 
P=0.275 
P=0.304 

P =0.252 
P=0.195 

P=0.243 

P=0.171 
P=0.584N 

P=0.500N 

P=0.107 
P=0.200 

P=0.270 

Thyroid Gland: C-cell Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 

5/50 (10%) 
22.4% 
2/18(11%) 
100 

6/49 (12%) 
26.4% 
2/16 (13%) 
79 

3/50 (6%) 
13.6% 
019(0%) 
96 

3/50 (6%) 
20.6% 
2/11 (18%) 
94 

Life Table Tests (d)
Incidental Tumor Testa (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

P=0.390N 
P=0.239N 
P=0.260N 

P =0.474 
P30.510 

~ = 0 . 4 a 6  

P=0.599N 
P=0.31 1N 

P=0.357N 

P=0.529N 
P=0.375N 

P=0.357N 
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TABLE A3. ANALYSIS O F  PRIMARY TUMORS IN MALE RATS IN THE TWO-YEAR FEEL) STUDY O F  
HYDROCHLOROTHIAZIDE (Continued) 

Control 250 ppm 

Thyroid Gland: C-cell Adenoma o r  Carcinoma 
Overall Rates (a) 7/50 (14%) 6/49 (12%) 
Adjusted Rates (b) 32.1% 26.4% 
Terminal Rates (c) 4/18 (22%) 2/16 (13%) 
Week ofFirst Observation 100 79 
Life Table Tests (d) P=0.395N P=0.538N 
Incidental Tumor Tests (d) P= 0.252N P=0.505N 
Cochran-Armitage Trend Test (d) P=0.254N 
Fisher Exact Test (d) P=0.516N 

Pancreatic Islets: Islet Cell Adenoma or Carcinoma 
Overall Rates (a) 3/50 (6%) 0149(0%)

Adjusted Rates (b) 10.8% 0.0% 

Terminal Rates (c) 0118(0%) 0/16(0%)

Week of First Observation 96 
Life Table Tests (d) P=0.198N P=0.1 14N 
Incidental Tumor Tests (d) P=0.142N P=0.089N 
Cochran-Armitage Trend Test (d) P=0.164N 
Fisher Exact Test (d) P=0.125N 

Mammary Gland: Adenoma, Fibroadenoma, or Adenocarcinoma 
Overall Rates (a) Oh0 (0%) 4/49(8%)
Adjusted Rates (b) 0.0% 18.0% 
Terminal Rates (c) 0/18(0%) 2/16 (13%) 
Week ofFirst Observation 88 
Life Table Testa (d) P= 0.630N P= 0.061 
Incidental Tumor Tests (d) P=0.591N P =  0.051 
Cochran-Armitage Trend Test (d) P=0.570N 
Fisher Exact Test (d) P=0.056 

Preputial Gland: Adenoma 
Overall Rates (a) 2/50 (4%) 3/49(6%)
Adjusted Rates (b) 7.9% 16.1% 
Terminal Rates (c) 1/18 (6%) 2/16(13%)
Week ofFirst Observation 86 102 
Life Table Tests (d) P=0.248 P=0.474 
Incidental Tumor Tests (d) P=0.306 P=0.447 
Cochran-Armitage Trend Test (d) P=0.382 
Fisher Exact Test (d) P=0.490 

Preputial Gland: Carcinoma 
Overall Rates (a) 4/50(8%) 2/49 (4%) 
Adjusted Rates (b) 17.2% 9.3% 
Terminal Rates (c) 2/18(11%) 1/16 (6%) 
Week ofFirst Observation 82 97 
Life Table Tests (d) P=0.496N P=0.368N 
Incidental Tumor Tests (d) P=0.416N P=0.370N 
Cochran-Armitage Trend Test (d) P=0.370N 
Fisher Exact Test (d) P=0.349N 

Preputial Gland: Adenoma o r  Carcinoma 
Overall Rates (a) 6/50 (12%) 5/49 (10%) 
Adjusted Rates (b) 24.3% 24.6% 
Terminal Rates (c) 3/18 (17%) 3/16 (19%) 
Week ofFirst Observation 82 97 
Life Table Tests (d) P=0.380 P=0.542N 
Incidental Tumor Tests (d) P=0.486 P=0.563N 
Cochran-Armitage Trend Test (d) P=0.581 
Fisher Exact Test (d) P= 0.514N 

500 ppm 

4/50(8%)

15.7% 

0/9(0%)

88 

P=0.542N 

P= 0.281N 


P=0.262N 


1/49(2%)
11.1% 
1/9(11%)
106 
P=0.462N 
P=0.275N 

P= 0.316N 


0150(0%)

0.0% 

0/9(0%) 


(e)
(e) 

(e) 

5/50 (10%) 
22.0% 
1/9(11%)
73 
P=0.138 
P=0.187 

P=0.218 


3/50 (6%) 

16.0% 

1/9(11%)

86 

P=0.620 

P=0.563N 


P=0.500N 


8/50(16%)
35.7% 
2/9 (22%) 
73 
P=0.1 96 
P= 0.316 

P=0.387 

2,000 ppm 

4/50(8%)
23.6% 
2/11 (18%) 
94 
P=0.456N 
P=0.302N 

P=0.262N 


0/50(0%)

0.0% 

0111 (0%) 


P=0.138N 

P=0.058N 


P=0.121N 


1/50(2%)

5.6% 

0111(0%)

103 
P=0.460 
P=0.581 

P=0.500 

4/50(8%)

36.4% 

4/11 (36%) 

106 

P=0.165 

P=0.153 


P=0.339 

2/50(4%)
15.2% 
1/11 (9%)
104 
P= 0.516N 
P=0.401N 

P=0.339N 


6/50(12%)
49.1% 
5/11 (45%)
104 
P=0.340 
P=0.408 

P=0.620 
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TABLE A3. ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE TWO-YEAR FEED STUDY OF 
HYDROCHLOROTHIAZIDE (Continued) 

Control 250 ppm 500 Ppm 2,000 ppm 

-
Testis: Interstitial Cell Tumor 

Overall Rates (a) 46/50 (92%) 45/49 (92%) 48/50 (96%) 46/50 (92%) 
Adjusted Rates (b) 97.8% 100.0% 100.0% 100.0% 
Terminal Rates (c) 17/18 (94%) 16/16 (100%) 9/9 (100%) 11/11 (100%) 
Week of First Observation 71 72 71 71 
Life Table Tests (d) P=0.228 P =0.547 P=0.034 P=O.191 
Incidental Tumor Tests (d) P=0.548N P =0.630 P =0.347 P =0.647 
Cochran-Armitage Trend Test (d) P=0.557N 
Fisher Exact Test (d) P =  0.631N P =0.339 P=0.642 

Zymbal Gland: Adenoma or Carcinoma 
Overall Rates (a) 1/50(2%) 1/49 (2%) 2/50 (4%) 4/50 (8%)
Adjusted Rates (b) 2.9% 4.3% 5.9% 17.1% 
Terminal Rates (c) 0/18 (0%) 0116 (0%) 019 (0%) 1111(9%) 
Week of First Observation 93 103 84 71 
Life Table Tests (d) P=0.077 P =0.752N P=0.470 P =  0.162 
Incidental Tumor Tests (d) P =0.122 P =0.725N P=0.607 P=0.259 
Cochran-Armitage Trend Test (d) P =0.084 
Fisher Exact Test (d) P =0.747 P =0.500 P=0.181 

All Sites: Benign Tumors 
Overall Rates (a) 49/50 (98%) 47/49 (96%) 50150 (100%) 47/50 (94%) 
Adjusted Rates (b) 100.0% 100.0% 100.0% 100.0% 
Terminal Rates ( c )  18/18 (100%) 16/16 (100%) 919 (100%) 11111(100%)
Week of First Observation 66 72 26 71 
Life Table Tests (d) P=0.300 P- 0.506N P =0.043 P =0.259 
Incidental Tumor Tests (d) P =0.177N P=0.336N P =0.500 P=O.l89N 
Cochran-Armitage Trend Test (d) P=0.196N 
Fisher Exact Test (d) P =0.492N P=0.500 P =0.309N 

All Sites: Malignant Tumors 
Overall Rates (a) 45/50 (90%) 27/49 (55%) 24/50 (48%) 32/50 (64%) 
Adjusted Rates (bl 91.8% 72.3% 82.6% 88.0% 
Terminal Rates (c) 14/18 (78%) 8/16 (50%) 619 (67%) 8/11 (73%) 
Week of First Observation 19 71 71 71 
Life Table Tests (d) P=0.518N P=0.015N P=U.078N P=0,219N 
Incidental Tumor Tests (d) P=0.226N Pe0.001N Pc0.001N P=0.004N 
Cochran-Armitage Trend Test (d) P-0.182N 
Fisher Exact Test (d) P<O.OOlN P <0.001N P=0.003N 

All Sites: All Tumors 
Overall Rates (a) 50/50 (100%) 49/49 (100%) 50/50 (100%) 48/50 (96%) 
Adjusted Rates (b) 100.0% 100.0% 100.0% 100.0% 
Terminal Rates (c)  18/18 (100%) 16/16 (100%) 9/9 (100%) 11/11(100%) 
Week of First Observation 19 71 26 71 
Life Table Tests (d) P =0.312 P =0.547 P =0.057 P=0.262 
Incidental Tumor Tests (d) P=0.069N (D (0 P=0.347N 
Cochran-Armitage Trend Test (d) P=0.044N 
Fisher Exact Test (d) P =1.000N P= 1,000 P =0.248N 

(a)Number of tumor-bearing animals/number of animals examined a t  the site 
(b)Kaplan-Meier estimated tumor incidences at the end of the study after adjusting for intercurrent mortality 
(c, Observed tumor incidence a t  terminal kill 
(d)Beneath the control incidence are the P values associated with the trend test. Beneath the dosed group incidence are the 
P values corresponding to pairwise comparisons between that dosed group and the controls. The life table analysis regards tu- 
mors in animals dying prior to terminal kill as being (directly or indirectly) the cause of death. The incidental tumor test re- 
gards these lesions as nonfatal. The Cochran-Armitage and Fisher exact tests compare directly the overall incidence rates. 
A negative trend or lower incidence in a dosed group is indicated by (N).
(e)No Pvalue is reported because no tumors were observed in the 500-ppm and control groups. 
(DNo P value is reported because all animals in control, 250-ppm, and 500-ppm groups had tumors. 
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TABLE A4a. HISTORICAL INCIDENCE OF ZYMBAL GLAND TUMORS IN MALE F344/N RATS 
RECEIVING NO TREATMENT (a) 

Incidence in Controls 

No 2-year studies by SRIInternational are included in the historical data base. 

Overall Historical Incidence 

TOTAL 
SD (c) 

(b)19/1,936 (1.0%) 
1.71% 

Range (d) 
High 
LOW 

(e)4/50
0150 

(a)Data asof April 29,1987for studiesofat least 104 weeks 
(b) Includes nine squamous cell carcinomas and one ceruminous carcinoma; no benign tumorshave been observed. 
(c 1 Standard deviation 
(d)Range and SD are presented for groups of 35 or more animals. 
(e) Second highest: 3/50;no other control group had more than one tumor. 

TABLE A4b. HISTORICAL INCIDENCE OF LEUKEMIA IN MALE F344/N RATS RECEIVING NO 
TREATMENT (a) 

Incidence in Controls 

No 2-year studies by SRI International are included in the historical data base. 

Overall Historical Incidence 

TOTAL 636/1,936 (32.9%) 

SD (b) 14,62% 

Range (c) 
High 36/50 
LOW 5/50 

(al Data as of April 29,1987,for studiesofa t  least 104 weeks 
(blStandard deviation 
(c) Range and SD are presented for groups of 35or more animals. 
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TABLE A5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS I N  THE 
TWO-YEAR FEED STUDY OF HYDROCHLOROTHIAZIDE 

Untreated Control Low Dose Mid Dose High Dose 

Animals initially in study 50 50 50 50 
Animals necropsied 50 49 50 50 
Animals examined histopathologically 50 49 50 50 

INTEGUMENTARY SYSTEM 
*Skin (50) (49) (50) (50) 

Epidermal inclusion cyst 4 (8%) 1 (2%) 

Ulcer, NOS 1 (2%) 

Inflammation, acute focal 1 (2%) 1 (2%) 

Inflammation, chronic focal 2 (4%) 

Erosion 1 (2%) 

Fibrosis, focal 1 (2%) 

Hyperplasia, NOS 1 (2%) 

Hyperplasia, epithelial 1 (2%) 3 (6%) 3 (6%) 

Hyperkeratosis 5 (10%) 1 (2%) 4 (8%) 


'Subcutaneous tissue (50) (49) (50) (50) 
Cyst, NOS 1 (2%) 1 (2%) 

Edema, NOS 1 (2%) 

Hemorrhage 1 (2%) 

Inflammation, suppurative 2 (4%) 1 (2%) 1 (2%) 

Inflammation, chronic focal 2 (4%) 4 (8%) 

Necrosis, fat 1 (2%) 


RESPIRATORY SYSTEM 
#Nasal cavity (50) (49) (50) (50) 

Foreign body, NOS 3 (6%) 2 (4%) 2 (4%) 7 (14%) 
Hemorrhage 1 (2%) 2 (4%) 1 (2%) 1 (2%) 
Inflammation, acute focal 9 (18%) 8 (16%) 12 (24%) 13 (26%) 
Inflammation, chronic focal 1 (2%) 2 (4%) 
Infection, fungal 5 (10%) 2 (4%) 2 (4%) 1 (2%) 
Hyperplasia, epithelial 1 (2%) 

#Trachea (50) (49) (50) (50) 

Hemorrhage 1 (2%) 


#Tracheal submucosa (50) (49) (50) (50) 

Inflammation, chronic focal 1 (2%) 1 (2%) 


#Tracheal gland (50) (49) (50) (50) 

Cyst, NOS 2 (4%) 

Inflammation, acute focal 1 (2%) 


#Lunghronchus (50) (49) (50) (50) 
Fibrosis, focal 1 (2%)

#Lung (50) (49) (50) (50) 
Mineralization 1 (2%) 3 (6%) 
Atelectasis 1 (2%) 
Congestion, NOS 4 (8%) 10 (20%) 8 (16%) 11 (22%) 
Edema, NOS 1 (2%) 1 (2%) 2 (4%) 
Hemorrhage 7 (14%) 5 (10%) 4 (8%) 8 (16%) 
Inflammation, interstitial 1 (2%) 2 (4%) 
Inflammation, suppurative 1 (2%) 
Inflammation, chronic focal 3 (6%) 6 (12%) 4 (8%) 4 (8%) 
Crystals,NOS 2 (4%) 2 (4%) 
Pigmentation, NOS 1 (2%) 9 (18%) 3 (6%) 6 (12%) 
Alveolar macrophages 1 (2%) 4 (8%) 3 (6%) 2 (4%) 
Hyperplasia, alveolar epithelium 1 (2%) 2 (4%) 2 (4%) 1 (2%) 
Metaplasia, osseous 2 (4%) 2 (4%) 3 (6%) 
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TABLE AS. SUMMARY OF THE INCIDENCE O F  NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO-YEAR FEED STUDY OF HYDROCHLOROTHIAZIDE (Continued) 

Untreated Control Low Dose Mid Dose High Dose 

HEMATOPOIETIC SYSTEM 

Hyperplasia, lymphoid 
Hematopoiesis

#Bone marrow 
Fibrosis 
Atrophy, diffuse 
Myelofibrosis
Hyperplasia, hematopoietic 
Hyperplasia, granulocytic 
Hyperplasia, reticulum cell 

Abnormal curvature 
Congestion, NOS 
Edema, NOS 
Degeneration, NOS 
Necrosis, focal 
Infarct, NOS 
Hemosiderosis 
Atrophy, NOS 
Atrophy, focal 
Atrophy, diffuse 
Depletion, lymphoid 
Hyperplasia, reticulum cell 
Hematopoiesis

#Lymph node 
Cyst, NOS 
Congestion, NOS 
Pigmentation, NOS 
Hyperplasia, plasma cell 

#Mandibular lymph node 
Cyst, NOS 
Congestion, NOS 
Edema, NOS 
Hyperplasia, plasma cell 

Cyst, NOS 
Edema, NOS 
Hemorrhage 
Inflammation, acute focal 
Necrosis, focal 
Hyperplasia, NOS 
Hyperplasia, plasma cell 
Hyperplasia, reticulum cell 
Hyperplasia, lymphoid 

#Hepatic lymph node 
Congestion, NOS 

#Mesenteric lymph node 
Cyst, NOS 
Congestion, NOS 
Edema, NOS 
Hemorrhage
Inflammation, acute focal 
Histiocytosis
Hyperplasia, plasma cell 
Hyperplasia, reticulum cell 
Hyperplasia, lymphoid 
Mastocytosis

#Renal lymph node 
Cyst, NOS 
Edema, NOS 
Hemorrhage
Pigmentation, NOS 

*Multiple organs 

#Spleen 

#Thoracic lymph node 

(50) 

(50) 
1 (2%) 

1 (2%) 

1 (2%) 
2 (4%) 

(50) 

2 (4%) 

1 (2%) 

6 (12%) 

7 (14%) 
(50) 

(50)  
2 (4%) 
2 (4%) 

4 (8%) 

1 (2%)
(50) 

1 (2%) 
1 (2%)
1 (2%) 

(50) 

(50) 

2 (4%) 

1 (2%) 

1 (2%)
(50) 

(49) 

(49) 

1 (2%) 

(49) 

4 (8%) 

3 (6%) 

11 (22%) 
3 (6%) 

6 (12%) 
(49) 

1 (2%) 

2 (4%) 
1 (2%) 

4 (8%) 

1 (2%) 

(49) 

(49) 

(49) 

(49) 
1 (2%) 
1 (2%) 
1 (2%) 
1 (2%) 

2 (4%) 
2 (4%) 
1 (2%) 

1 (2%) 

2 (4%) 

1 (2%) 

(49) 

(50) 

(50) 

2 (4%) 

1 (2%) 
1 (2%) 

(49) , 

1 (2%) 
1 (2%) 

1 (2%) 

7 (14%) 

1 (2%) 
1 (2%) 
5 (10%) 

(50) 

1 (2%) 

1 (2%) 

1 (2%) 
6 (12%) 

3 (6%) 

(50) 

(50) 

1 (2%) 

1 (2%) 

1 (2%) 
(50) 

(50) 

2 (4%) 
2 (4%) 

(50)  

1 (2%) 
2 (4%) 

(50)
1 (2%) 
1 (2%) 

(50) 

1 (2%) 
1 (2%) 

1 (2%) 
1 (2%) 

(50) 

4 (8%) 
1 (2%) 
1 (2%) 

1 (2%) 

1 (2%) 
4 (8%) 

(50)
1 (2%) 

1 (2%) 

(50) 
2 (4%) 
5 (10%) 
1 (2%) 
1 (2%) 

1 (2%) 

1 (2%) 
1 (2%) 

(50) 

(50) 

(50) 
1 (2%) 

1 (2%) 
3 (6%) 
2 (4%) 
1 (2%) 

1 (2%) 

(50) 

2 (4%) 
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TABLE A5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE
TWO-YEAR FEED STUDY OF HYDROCHLOROTHIAZIDE (Continued)

HEMATOPOIETIC SYSTEM (Continued)
#Brachial lymph node

Hemorrhage
#Ingumal lymph node

Edema, NOS
Hyperplasia, plasma cell

#Lung
Hyperplasia, lymphoid

#Liver
Hematopoiesis

#Thymus
Congestion, NOS
Hemorrhage
Involution, NOS

CIRCULATORY SYSTEM
#Brain/memnges

Thrombosis, NOS
*Mediastmum

Thrombosis, NOS
Periartentis

*Mammary gland
Thrombosis, NOS

#Mandibular lymph node
Lymphangiectasis

#Heart
Mineralization
Dilatation, NOS
Thrombus, mural
Hemorrhage
Inflammation, chronic focal
Necrosis, focal

#Heart/atrium
Dilatation, NOS
Thrombosis, NOS

#Heart/ventricle
Thrombosis, NOS

*Artery
Hypertrophy, NOS

*Aorta
Dilatation, NOS

*Pulmonary artery
Mineralization
Inflammation, chronic focal

#Liver
Thrombosis, NOS

*Mesentery
Periartentis

DIGESTIVE SYSTEM
Tongue

Hemorrhage
#Sahvary gland

Hemorrhage
Inflammation, acute focal
Inflammation, chronic focal
Basophihc cyto change
Atrophy, focal
Hyperplasia, epithelial
Hyperplasia, mtraductal

Untreated Control

(50)

(50)

(50)

(50)
4 (8%)

(40)

1 (3%)
27 (68%)

(50)

(50)

1 (2%)
(50)

(50)

(50)
1 (2%)

1 (2%)
41 (82%)

(50)
1 (2%)
5 (10%)

(50)
1 (2%)

(50)

(50)

(50)
39 (78%)

(50)

(50)

(50)
1 (2%)

(50)

1 (2%)
1 (2%)
1 (2%)

Low Dose

(49)

(49)

(49)

(49)
2 (4%)

(43)

36 (84%)

(49)
1 (2%)

(49)
1 (2%)

(49)

(49)

(49)

48 (98%)
1 (2%)

(49)
1 (2%)
4 (8%)

(49)
1 (2%)

(49)

(49)

(49)
21 (43%)

(49)
2 (4%)

(49)
1 (2%)

(49)

(49)
1 (2%)

3 (6%)

Mid Dose

(50)
1 (2%)

(50)
1 (2%)
1 (2%)

(50)
1 (2%)

(50)
1 (2%)

(42)
2 (5%)
1 (2%)

36 (86%)

(50)

(50)

(50)
1 (2%)

(50)

(50)
1 (2%)

48 (96%)

(50)
1 (2%)
7 (14%)

(50)

(50)

(50)
1 (2%)

(50)
17 (34%)

1 (2%)
(50)

1 (2%)
(50)

(50)

(49)

2 (4%)
1 (2%)

2 (4%)

1 (2%)

High Dose

(50)

(50)

(50)

(50)

(36)

29 (81%)

(50)

(50)

1 (2%)
(50)

(50)
1 (2%)

(50)
2 (4%)
1 (2%)
1 (2%)
1 (2%)

43 (86%)

(50)
1 (2%)
7 (14%)

(50)

(50)
1 (2%)

(50)
1 (2%)

(50)
19 (38%)

(50)

(50)

(50)

(49)

1 (2%)

3 (6%)

1 (2%)
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TABLE AS. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO-YEAR FEED STUDY OF HYDROCHLOROTHIAZIDE (Continued) 

Untreated Control Low Dose Mid Dose High Dose 

DIGESTIVE SYSTEM (Continued) 
#Liver 

Hernia, NOS 
Abnormal curvature 
Cyst, NO$ 
Congestion, NOS 
Hemorrhage 
Inflammation, chronic focal 
Degeneration, cystic 
Peliosis hepatis 
Necrosis, focal 
Pigmentation, NOS 

#Liver/hepatocytes 
Degeneration, NOS 
Cytoplasmic vacuolization 
Basophilic cyto change 
Eosinophilic cyto change 
Clear cell change 

Dilatation, NOS 
Inflammation, suppurative 
Hyperplasia, focal 

Edema, NOS 
Inflammation, chronic focal 
Necrosis, focal 

#Pancreatic duct 
Calculus, unknown grossor micro 

#Pancreatic acinus 
Basophilic cyto change 
Atrophy, focal 
Atrophy, diffuse 

*Esophageal lumen 
Inflammation, acute 

#Esophagus
Hemorrhage
Hyperkeratosis

#Stomach 
Mineralization 

#Glandular stomach 
Mineralization 
Cyst, NOS 
Hemorrhage 
Ulcer, NOS 
Inflammation, acute focal 
Inflammation, chronic focal 
Necrosis, focal 
Hyperplasia, focal 

Mineralization 
Edema, NOS 
Hemorrhage
Ulcer, NOS 
Inflammation, acute focal 
Inflammation, chronic focal 
Hyperplasia, epithelial 

Inflammation, acute focal 

Congestion, NOS 

Adhesion, NOS 

#Bile duct 

#Pancreas 

#Forestomach 

#Small intestine 

#Jejunum 

#Ileum 

(50) 
1 (2%) 
3 (6%) 
1 (2%) 
4 (8%) 

1 (2%)
13 (26%) 
1 (2%) 
7 (14%) 

(50) 
1 (2%)

13 (26%) 
18 (36%) 
5 (10%) 
1 (2%) 

(50) 

45 (90%) 
(50) 

6 (12%) 
1 (2%) 

(50) 

(50) 
2 (4%) 

33 (66%) 

(50) 

(50) 
1 (2%) 

1 (2%)
1 (2%) 

(50) 

(50)
3 (6%) 

2 (4%) 
1 (2%) 

1 (2%) 

(50) 

4 (8%)
1 (2%) 
5 (10%) 
2 (4%)
2 (4%) 
6 (12%) 

(50) 

(50) 

(50) 

(49) 

2 (4%) 

4 (8%) 

2 (4%)
13 (27%) 

7 (14%) 

(49) 

6 (12%) 
20 (41%) 

2 (4%) 

1 (2%) 

40 (82%) 

(49) 

(49) 

2 (4%) 

(49) 

(49) 
1 (2%) 

27 (55%) 
1 (2%) 

(49) 

(49) 

(48) 

(48) 
2 (4%) 

2 (4%) 

1 (2%) 
1 (2%) 

1 (2%) 
2 (4%) 

(48) 

1 (2%) 

4 (8%) 

2 (4%) 
(48) 

(48) 

(48) 

(50) 

7 (14%) 
1 (2%) 
5 (10%) 
2 (4%) 
2 (4%) 

11 (22%) 

5 (10%) 

(50) 
1 (2%) 
4 (8%) 

23 (46%) 
1 (2%) 
1 (2%) 

(50) 

39 (78%) 

2 (4%) 
2 (4%) 

(49) 

(49) 

(49) 

26 (53%) 
1 (2%) 

(50) 

(50) 

(50) 

(50) 
2 (4%) 

1 (2%) 

(50)
2 (4%) 
2 (4%) 
1 (2%) 

1 (2%)
2 (4%) 
9 (18%) 

1 12%) 
(50) 

(50) 

(50) 
1 (2%) 

(50) 

1 (2%) 

4 (8%) 
3 (6%) 
1 (2%)

14 (28%) 

12 (24%) 
2 (4%) 

2 (4%)
7 (14%) 

18 (36%) 
1 (2%) 
1 (2%) 

(50) 

(50) 

1 (2%) 
40 (80%) 

1 (2%) 
2 (4%) 

(50) 

(50) 

(50) 

26 (52%) 

(50) 

(50) 

(50) 

(50) 
3 (6%) 
1 (2%) 
1 (2%) 
2 (4%) 

2 (4%) 

(50)
2 (4%) 
1 (2%) 

2 (4%) 
3 (6%) 
1 (2%) 
3 (6%) 

(50) 

(50) 

(50) 
1 (2%) 
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TABLE A5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO-YEAR FEED STUDY OF HYDROCHLOROTHIAZIDE (Continued) 

-. -~ ~ ~ 

Untreated Control Low Dose Mid Dose High Dose 

DIGESTIVE SYSTEM (Continued) 
#Large intestine (50) (48) (47) (50)


Inflammation, acute focal 1 (2%) 

#Colon (50) (48) (47) (50)

Mineralization 1 (2%) 
Edema, NOS 1 (2%) 
Parasitism 3 (6%) 1 (2%) 4 (8%) 

#Cecum (50) (48) (47) (50) 
Congestion, NOS 1 (2%) 1 (2%) 
Edema, NOS 2 (4%) 2 (4%) 1 (2%) 
Inflammation, acute focal 1 (2%) 1 (2%) 1 (2%) 
Inflammation, chronic focal 1 (2%)
Parasitism 1 (2%) 

-
URINARY SYSTEM 

#Urinary bladderhavity (50) (49) (50) (50)
Dilatation, NOS 1 (2%) 

#Kidney (50) (49) (50) (50)
Mineralization 1 (2%) 7 (14%) 
Cyst, NOS 2 (4%) 19 (39%) 21 (42%) 18 (36%) 
Congestion, NOS 2 (4%) 2 (4%) 
Hemorrhage 1 (2%)
Inflammation, acute focal 1 (2%)
Nephropathy 50 (100%) 49 (100%) 50 (100%) 50 (100%) 
Infarct, NOS 1 (2%)
Pigmentation,NOS 20 (40%) 10 (20%) 9 (18%) 18 (36%) 
Hyperplasia, tubular cell 1 (2%) 

#Kidney/tubule (50) (49) (50) (50) 
Degeneration, NOS 1 (2%) 
Necrosis, focal 2 (4%) 3 (6%) 

# Kidney/pelvis (50) (49) (50) (50)
Dilatation, NOS 1 (2%) 1 (2%) 
Hemorrhage 1 (2%) 
Inflammation, suppurative 1 (2%) 1 (2%)
Hyperplasia, epithelial 6 (12%) 21 (43%) 26 (52%) 23 (46%) 

#Urinary bladderhnucosa (50) (49) (50) (50)

Hyperplasia, epithelial 1 (2%) 


#Urinary bladderhubmucosa (50) (49) (50) (50) 

Edema, NOS 1 (2%)

Hemorrhage 1 (2%)

Inflammation, focal 1 (2%)

Inflammation, acute focal 1 (2%)

Inflammation, chronic focal 1 (2%)


*Urethra (50) (49) (50) (50) 
Hyperplasia, epithelial 1 (2%) 

ENDOCRINE SYSTEM 
#Pituitary intermedia (50) (49) (50) (50)

Cyst, NOS 5 (10%) 2 (4%) 4 (8%) 1 (2%) 
Pigmentation, NOS 1 (2%)
Atrophy, focal 1 (2%) 
Hyperplasia, focal 3 (6%)

#Anterior pituitary (50) (49) (50) (50) 
Cyst, NOS 5 (10%) 6 (12%) 6 (12%) 3 (6%)
Congestion, NOS 2 (4%) 4 (8%) 1 (2%) 
Hemorrhage 1 (2%)
Necrosis, focal 1 (2%) 
Hyperplasia, focal 12 (24%) 11 (22%) 11 (22%) 12 (24%) 

#Pituitary posterior (50) (49) (50) (50) 
Gliosis 1 (2%) 1 (2%) 
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TABLE A5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO-YEAR FEED STUDY O F  HYDROCHLOROTHIAZIDE (Continued) 

Untreated Control Low Dose Mid Dose High Dose 

ENDOCRINE SYSTEM (Continued) 
#Adrenal 

Congenital hypoplasia 
XAdrenaYcapsule

Hyperplasia, focal 
#Adrenal cortex 

Cyst, NOS 
Congestion, NOS 
Hemorrhage 
Inflammation, acute focal 
Degeneration, NOS 
Necrosis, focal 
Cytoplasmic vacuolization 
Hyperplasia, focal 
Angiectasis 

#Adrenal medulla 
Congestion, NOS 
Inflammation, chronic focal 
Hyperplasia, NOS 

Cyst, NOS 
Follicular cyst, NOS 
Pigmentation, NOS 
Atrophy, focal 
Hyperplasia, C-cell 

Atrophy, NOS 
Hyperplasia, NOS 

Hyperplasia, focal 

#Thyroid 

#Parathyroid 

#Pancreatic islets 

(50) 

(50) 

(50) 

1 (2%) 
1 (2%) 

1 (2%) 
3 (6%)
6 (12%) 

22 (44%) 
2 (4%) 

(50) 

9 (18%) 
(50) 

1 (2%) 

10 (20%) 
(50) 

7 (14%) 

3 (6%)
(50) 

(49) 

(49) 

(49) 

1 (2%) 

2 (4%) 

1 (2%) 
1 (2%) 
2 (4%) 

12 (24%) 

(49) 

9 (18%) 

2 (4%) 

1 (2%) 

6 (12%) 

1 (2%) 
20 (41%) 

(49) 

(49) 

(49) 

(50) 

(50) 

(50) 

2 (4%) 

1 (2%) 
1 (2%) 
2 (4%) 
3 (6%) 
9 (18%)
2 (4%) 

1 (2%) 
1 (2%) 

14 (28%) 

(50) 

(50) 

1 (2%) 
1 (2%) 

10 (20%) 
(50) 

(49) 
30 (60%) 

1 (2%) 

(50) 

(50) 

(50) 
1 (2%) 

4 (8%) 
3 (6%) 
2 (4%) 

4 (8%) 

5 (10%)
7 (14%) 
5 (10%) 

(50) 

14 (28%) 

1 (2%) 

1 (2%)
1 (2%)
5 (10%) 

(50) 

(49) 

28 (57%) 
(50) 

REPRODUCTIVE SYSTEM 
*Mammary gland 

Galactocele 
Hyperplasia, NOS 
Hyperplasia, cystic 
Lactation 

*Preputial gland 
Cyst, NOS 
Inflammation, suppurative 
Inflammation, chronic focal 
Necrosis, focal 
Atrophy, NOS 
Hyperplasia, NOS 

Inflammation, suppurative 
Inflammation, chronic focal 
Hyperplasia, epithelial 

*Seminal vesicle 
Dilatation, NOS 
Atrophy, NOS 

Mineralization 
Congestion, NOS 
Necrosis, diffuse 
Atrophy, focal 
Atrophy, diffuse 
Hyperplasia, interstitial cell 

Degeneration, NOS 
Hyperplasia, epithelial 

#Prostate 

#Testis 

*Epididymis 

(50) 
1 (2%) 
1 (2%)

11 (22%) 
1 (2%) 

1 (2%) 
1 (2%) 

(50) 

45 (90%) 
3 (6%) 

2 (4%) 
3 (6%) 
4 (8%) 

(50) 

(50) 

23 (46%) 

3 (6%) 

1 (2%)
42 (84%) 
11 (22%) 
11 (22%) 

14 (28%) 
1 (2%) 

(50) 

(50) 

(49) 

2 (4%)
11 (22%) 

(49) 
1 (2%) 
1 (2%) 

1 (2%) 
44 (90%) 

6 (12%) 

6 (12%) 
3 (6%)
9 (18%) 

(49) 

(49) 

43 (88%) 

4 (8%) 
(49) 

43 (88%) 
13 (27%) 
8 (16%) 

15 (31%) 
(49) 

(50) 

10 (20%) 

2 (4%) 
1 (2%) 

(50) 

44 (88%) 
1 (2%) 

1 (2%) 
4 (8%) 
5 (10%) 

(50) 

(50) 

42 (84%) 

1 (2%) 
1 (2%) 

39 (78%) 
12 (24%) 
10 (20%) 

8 (16%) 

(50) 

(50) 

(50) 
1 (2%) 
2 (4%) 

10 (20%) 
1 (2%) 

1 (2%) 
2 (4%) 
1 (2%) 

(50) 

45 (90%)
7 (14%) 

7 (14%) 
2 (4%) 
1 (2%) 

1 (2%) 
22 (44%) 

2 (4%) 

(50) 

(50) 

(50) 

42 (84%)
17 (34%) 
13 (26%) 

8 (16%)
(50) 
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TABLE A5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO-YEAR FEED STUDY OF HYDROCHLOROTHIAZIDE (Continued) 

Untreated Control Low Dove Mid Dose High Dose 

XERVOUS SYSTEM 
#Braidmeninges 

#Brain 
Hyperplasia, focal 

Mineralization 
Hydrocephalus, NOS 
Congestion, NOS 
Hemorrhage 
Hemorrhagic cyst 
Gliosis 
Necrosis, focal 
Pigmentation, NOS 

(50) 

(50) 
1 (2%) 

1 (2%) 
1 (2%) 

7 (14%) 

1 (2%) 
1 (2%) 
1 (2%) 

(49) 

(49)
1 (2%) 
2 (4%) 
1 (2%) 
2 (4%) 

2 (4%) 

(50) 

(50)
1 (2%) 

(50) 

(50) 

3 (6%) 
1 (2%) 

~ 

SPECIAL SENSE ORGANS 
*Eye

Acquired absence 
*Eye/anterior chamber 

Hemorrhage 
Inflammation, acute focal 

Mineralization 

Mineralization 
Inflammation, acute focal 
Inflammation, chronic focal 
Vascularization 

Atrophy, NOS 
Atrophy, focal 
Atrophy, diffuse 

*Eye/crystalline lens 
Degeneration, NOS 

*Nasolacrimal duct 
Hemorrhage 
Inflammation, acute focal 

"Harderian gland 
Inflammation, chronic focal 
Pigmentation, NOS 
Hyperplasia, NOS 

*Eyelsclera 

*Eye/cornea 

*Eye/retina 

(50) 

(50) 

150) 

(50) 
1 (2%) 

(50) 

3 (6%)
2 (4%) 

2 (4%) 

2 (4%) 

(50) 

(50) 

(50) 

(49) 

(49) 

(49) 

(49) 

1 (2%) 

1 (2%) 

1 (2%) 

2 (4%) 

(49) 

3 (6%) 

3 (6%) 

1 (2%)
5 (10%) 

(49) 

(49) 

(49) 

(50) 

(50) 

1 (2%) 
(50) 

(50)  

1 (2%) 

1 (2%) 
(50) 

1 (2%)
1 (2%) 

1 (2%) 

1 (2%)
2 (4%) 

1 (2%) 
1 (2%) 
1 (2%) 

(50) 

(50) 

(50) 

(50) 

(50) 
1 (2%) 

(50) 

(50) 
2 (4%) 

1 (2%)
2 (4%) 
2 (4%) 

(50)
1 (2%)
3 (6%) 

7 (14%) 

2 (4%) 

(50) 

(50 )  

(50) 

MUSCULOSKELETAL SYSTEM 
*Bone 

Necrosis, focal 
Fibrous osteodystrophy 

Abnormal curvature 

Abnormal curvature 

Hemorrhage 

*Skull 

*Vertebra 

*Skeletal muscle 

(50)
1 (2%)
2 (4%) 

(50) 

(50) 

(50) 
1 (2%) 

(49) 

18 (37%) 
(49) 

(49) 

(49) 
1 (2%) 

(50) 

23 (46%) 
(50) 

(50) 

(50) 

(50)
1 (2%)

22 (44%) 
(50) 

(50) 

(50) 

1 (2%) 

1 (2%) 

EiODY CAVITIES 
*Mediastinum 

Hemorrhage
*Abdominal cavity 

Hemorrhage
Inflammation, chronic focal 
Necrosis, fat 

(50) 

(50) 

6 (12%) 

(49) 

(49) 
1 (2%) 

1 12%) 
5 (10%) 

(50) 

(50) 
1 (2%) 
1 (2%) 
5 (10%) 

(50) 

(50) 

8 (16%) 

101 Hydrochlorothiazide, NTP TR 357 



TABLE A5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN  THE 
TWO-YEAR FEED STUDY OF HYDROCHLOROTHIAZIDE (Continued) 

Untreated Control Low Dose Mid Dose High Dose 

BODY CAVITIES (Continued) 
*Mesentery

Angiectasis 

ALL OTHER SYSTEMS 
*Multiple organs 

Diaphragm 
Mineralization 

Mineralization 

(50) 
1 (2%) 

(49) 
19 (39%) 

(50) 
26 (52%) 

1 

(50) 
20 (40%) 

Foot 
Inflammation, chronic focal 1 

SPECIAL MORPHOLOGY SUMMARY 
Autolysidno necropsy 1 

.-
* Number of animals receiving complete necropsy examination; all gross lesions including masses examined microscopically. 
AL Number of animals examined microscopically at this site 
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TABLE B1. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS IN THE TWO-YEAR 

-
FEED STUDY OF HYDROCHLOROTHIAZIDE 

Untreated Control Low Dose Mid Dose High Dose 

Animals initially in study 
Animals necropsied 
Animah examined histopathologically 

50 
50 
50 

50 
50 
50 

50 
49 
49 

50 
50 
50 

INTEGUMENTARY SYSTEM 
"Multiple organs 

*Skin
Fibrous histiocytoma, malignant 

Papilloma, NOS 
Squamous cell papilloma 
Squamous cell carcinoma 
Basal cell tumor 
Trichoepithelioma

*Subcutaneous tissue 
Basal cell tumor 
Sarcoma, NOS 

(50) 

(50) 

(50) 
1 (2%) 

(50) 

(50) 
1 (2%) 

1 (2%) 

1 (2%) 

(50) 

(49) 

(49) 

1 (2%) 

1 (2%) 
1 (2%)

(49) 

(50) 

(50) 
1 (2%) 
1 (2%) 

1 (2%) 

(50) 

RESPIRATORY SYSTEM 
#Lung 

Carcinoma, NOS, metastatic 
Alveolar/bronchiolar adenoma 
Alveolar/bronchiolar carcinoma 
Follicular cell carcinoma, metastatic 
C-cell carcinoma, metastatic 
Sarcoma, NOS,metastatic 
Chordoma, metastatic 

(50)
2 (4%) 

1 (2%) 
1 (2%) 

1 (2%) 

(30) 

1 (3%) 

1 (3%) 

(26) (50) 
1 (2%) 

1 (2%) 

HEMATOPOIETIC SYSTEM 
*Multiple organs 

#Mandibular lymph node 

#Mesenteric lymph node 

#Liver 

Leukemia, mononuclear cell 

Sarcoma, NOS, metastatic 

Endometrial stromal sarcoma, metastatic 

Leukemia, mononuclear cell 

CIRCULATORY SYSTEM 
#Uterus 

Hemangiosarcoma 

DIGESTIVE SYSTEM 
*Palate 

Squamous cell papilloma 
Squamous cell carcinoma 

Squamous cell papilloma 
Squamous cell carcinoma 

*Tongue 

(50) 

(50) 

1 (2%) 

(50) 
1 (2%) 
1 (2%) 

(50) 

(49) 

(49) 
1 (2%) 

(50) 
1 (2%) 

(50) 

LJRINARY SYSTEM 
#Kidney 

#Urinary bladderhucosa 
Tubular cell adenoma 

Transitional cell carcinoma 

105 Hydrochlorothiazide, NTP TR 357 



TABLE B1. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS IN THE TWO-YEAR 
FEED STUDY OF HYDROCHLOROTHIAZIDE (Continued) 

Untreated Control Low Dose Mid Dose High Dose 

ENDOCRINE SYSTEM 
#Anterior pituitary 

Carcinoma, NOS 
Adenoma, NOS 

#Adrenal cortex 
Adenoma, NOS 

#Adrenal medulla 
Pheochromocytoma

#Thyroid 
Follicular cell carcinoma 
C-cell adenoma 
C-cell carcinoma 

#Pancreatic islets 
Islet cell adenoma 
Islet cell carcinoma 

(50)
1 (2%)
23 (46%) 

(50) 

(50) 

(50) 
2 (4%) 

1 (2%)
6 (12%) 

(50) 
2 (4%) 
1 (2%) 

(50) 

13 (26%) 
(49) 

(49) 

(48) 
1 (2%) 

1 (2%)
3 (6%) 
2 (4%)

(50) 

(48) 

21 (44%) 
(49) 

(49) 

(49) 
6 (12%) 

5 (10%) 
2 (4%) 

1 (2%) 
(49) 

(49) 

16 (33%) 

1 (2%) 

4 (8%) 

5 (10%)
2 (4%) 

(50) 

(50) 

(50) 

(49) 

REPRODUCTIVE SYSTEM 

Carcinoma, NOS 
Adenoma, NOS 
Adenocarcinoma, NOS 
Fibroadenoma 

Carcinoma, NOS 
Adenoma, NOS 

Leiomyoma
Leiomyosarcoma 
Endometrial stromal polyp 
Endometrial stromal sarcoma 

#Cervix uteri 
Squamous cell carcinoma 

#Uterdendometrium 
Adenoma, NOS 

#Ovary
Thecoma 

*Mammary gland 

*Clitoral gland 

#Uterus 

(50) 

2 (4%)
30 (60%) 

4 (8%)
1 (2%) 

2 (4%) 

18 (36%) 
1 (2%) 

(50) 

(50) 

(50) 

(50) 

(50) 

(50) 
1 (2%) 

12 (24%) 

1 (2%) 
2 (4%) 

1 (2%) 

6 (12%)
1 (2%) 

1 (2%) 

(50) 

(50) 

(50) 

(50) 

(18) 

(49) 

1 (2%) 
1 (2%)

11 (22%) 
(49) 

2 (4%) 
(49) 

1 (2%) 
10 (20%) 

(49) 

(49) 

(15) 
1 (2%) 

1 (7%) 

(50) 

1 (2%)
2 (4%) 
5 (10%) 

2 (4%) 
1 (2%) 

(50) 

(50) 

11 (22%) 

(50) 

(50) 

(50) 

NERVOUS SYSTEM 
#Brain 

Astrocytoma
Meningioma 

(50)
1 (2%) 
1 (2%) 

(14) (50) 

SPECIAL SENSE ORGANS 

Carcinoma, NOS 
*Zymbal gland (50)

1 (2%) 
(50) (49)

1 (2%) 
(50)

1 (2%) 

MUSCULOSKELETAL SYSTEM 
*Skeletal muscle 

C-cell carcinoma, metastatic 

BODY CAVITIES 
*Abdominal cavity 

Mesothelioma, NOS 
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TABLE B1. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS IN THE TWO-YEAR 
FEED STUDY OF HYDROCHLOROTHIAZIDE (Continued) 

Untreated Control Low Dose Mid Dose High Dose 

ALL OTHER SYSTEMS 
*Multiple organs 

Histiocytic sarcoma 

ANIMAL DISPOSITION SUMMARY 
Animals initially in study 

Natural death 
50 
9 

50 
16 

50 
7 

50 
10 

Moribund sacrifice 11 10 16 13 
Terminal sacrifice 30 24 27 27 

TUMOR SUMMARY 
Total animals with primary tumors** 

Total animals with benign tumors 

Total animals with malignant tumors 

Total animals with secondary tumors## 

Total animals with tumors-- 

Total primary tumors 

Total benign tumors 

Total malignant tumors 

Total secondary tumors 

49 
107 
43 
85 
20 
22 
4 
4 

39 
57 
32 
40 
16 
17 
2 
3 

39 
83 
36 
64 
19 
19 

37 
68 
31 
48 
18 
19 
2 
3 

Total uncertain tumors 
uncertain benign or malignant 1 

1 

* Number ofanimals receiving complete necropsy examinations; all gross lesions including masses examined microscopically. 
** Primary tumors: all tumors except secondary tumors 
# Number of animals examined microscopically a t  this site 
## Secondary tumors: metastatic tumors or tumors invasive into an adjacent organ 
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TABLE B2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE TWO-YEAR FEED
STUDY OF HYDROCHLOROTHIAZIDE: UNTREATED CONTROL

ANIMAL
NUMBER

WEEKS ON
STUDY

INTEGUMENTARY SYSTEM
Subcutaneous tissue

Basal cell tumor

RESPIRATORY SYSTEM
Lungs and bronchi

Carcinoma, NOS, metastatic
Alveolar/bronchiolar carcinoma
Folhcular cell carcinoma, metastatic
Chordoma, metastatic

Trachea
Nasal cavity

HEMATOPOIE'fli; SY5TBM
Bone marrow
Spleen
Lymph nodes
Tnymus

CIRCULATORY SYSTEM
Heart

mUESTlVK SYSTEM
Oral cavity

Squamous cell carcinoma
Salivary gland
Liver
Bile duct
Pancreas
Esophagus
Stomach
Small intestine
Large intestine

URINARY SYSTEM
Kidney
Urinary bladder

Transitional cell carcinoma

ENDOCRINE SYSTEM
Pituitary

Carcinoma, NOS
Adenoma, NOS

Adrenal
Pheochromocytoma

Thyroid
Folhcular cell carcinoma
C cell adenoma

Parathyroid
Pancreatic islets

Islet cell adenoma
Islet cell carcinoma

REPRODUCTIVE SYSTEM
Mammary gland

Adenocamnoma, NOS
Fibroadenoma

Preputial/chtoral gland
Carcinoma, NOS
Adenoma, NOS

Uterus,
Leiomyoma
Endometnal stromal polyp
Endometnal stromal sarcoma

Ovary

NERVOUS SYSTEM
Brain

Astrocytoma
Memngioma

SPECIAL SENSE ORGANS
Zymbal gland

Carcinoma, NOS

ALL OTHER SYSTEMS
Multiple organs, NOS

Leukemia, mononuclaar cell

01 01 01 01 01 01 0 01 01 01 0 01 01 01 01 01 01 01 0 0 0 01 0 0 0
4 4 2 0 0 2 1 2 3 4 6 1 1 0 3 1 1 1 3 1 0 0 0 0 0
7| 4| 9| 5| 3| 7| 9 6| 5| 3] 0 l| S\ 9\ l\ 2\ 5| t\ 2 0 1 2| 4 6 7

7 8 8 8 9 9 9 9  9 9  9 9 9 0 0 0 0 0 0 0 0 0 0 0 0
3 B| 7 8| 2| 2| 3\ 3\ 3| 3 3| 7 7| l| l| 2| 2| 4 5 6| 7| 7 7 7 7

X X

X

N N N N N N N N N N N N N N N N N N N N N N N N N

+ + + + + + + + + + + + + + + + + + + .,. + + +

+ + + + + + + + + + + + + + + + + + + + + + +

X

X X X X X  X X X X X X  X X

+ + + + + + + + + + + + + + + + + + + + + + + + +

X
X  X X X  X X X X X X X X X X

N N N N N N N N N N N N N N N N N N N N N N N N N
X X

X

X
X X X X  X X X

+ + + + + + + + + + + + + + + + + + + + + + + + +

+ + + + + + + + + + + + + + + + + + + + + + + + +
X

X

N N N N N N N N N N N N N N N N N N N N N N N N N
X

N N N N N N N N N N N N N N N N N N N N N N N N N
x x x

+: Tissue examined microscopically
: Required tissue not examined microscopically

X: Tumor incidence
N: Necropsy, no autolysis, no microscopic examination
S: Animal missexed
* Animals necropaied

: No tissue information submitted
C: Necropsy, no histology due to protocol
A: Autolysis
M: Animal missing
B: No necropsy performed

Hydrochlorothiazide, NTP TR 357 108

— 



TABLE B2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE
(Continued)

RATS: UNTREATED CONTROL

ANIMAL
NUMBER

WEEKS ON
STUDY

INTEGUMENTARY SYSTEM
Subcutaneous tissue

Basal cell tumor

RESPIRATORY SYSTEM
Lungs and bronchi

Carcinoma, NOS, metastatic
Alveolar/bronchiolar carcinoma
Follicular cell carcinoma, metastatic
Chordoma, metastatic

Trachea
Nasal cavity

HEMATOPOIETIC SYSTEM
Bone marrow
Spleen
Lymph nodes
Thymus

CIRCULATORY SYSTEM
Heart

DIGESTIVE SYSTEM
Oral cavity

Squamous cell carcinoma
Salivary gland
Liver
Bile duct
Pancreas
Esophagus
Stomach
Small intestine
Large intestine

URINARY SYSTEM
Kidney
Unnary bladder

Transitional cell carcinoma

ENDOCRINE SYSTEM
Pituitary

Carcinoma, NOS
Adenoma, NOS

Adrenal
Pheochromocytoma

Thyroid
Folhcular cell carcinoma
C cell adenoma

Parathyroid
Pancreatic islets

Islet cell adenoma
Islet cell carcinoma

REPRODUCTIVE SYSTEM
Mammary gland

Adenocarctnoma, NOS
Fibroadenoma

Preputial/chtoral gland
Carcinoma, NOS
Adenoma, NOS

Uterus
Leiomyoma
Endometnal stromal polyp
Endometnal stromal sarcoma

Ovary

NERVOUS SYSTEM
Brain

Astrocytoma
Meningioma

SPECIAL SENSE ORGANS
Zymbal gland

Carcinoma, NOS

ALL OTHER SYSTEMS
Multiple organs, NOS

Leukemia, mononuclear cell

0 01 01 01 01 0 01 0 0 01 01 01 01 0 0 0 0 01 01 0 01 0| 0 0 0
0 1 I 1 2 2 2 2 2 2 2 3 3 3 3 3 3 3 4 4 4 4 4 4 4
8 3[ 6| 7| 0| 1 2| 3 4 5| 8| 6| 3\ 4 6 7 8 9| 0| 1 2\ 5| 6 8 9

11 11 1 1 11 I ll 1 1 11 1] 11 II 1 ll 11 ll 1 11 1 1 1 11 11 I
0 0 0 0  0 0  0 0 0 0 0 M 0 0 0 0 0 0  0 0 0 0 0 0 0
7| 7| 7 7 7| 7 7| 7 7 7| 7| 7| 7| 7 7| 7| 7| 7 7| 7 7 7 7| 7| 7

X

X
X

+ + + + + + + + + + + + + + + + + + + + + + + + +

N N N N N N N N N N N N N N N N N N N N N N N N N
X

+ + + + + + + + + + + + + + + + + + + + + + + + +
+ + + + + + + + + + + + -I  + + + + + + + + + + + +

X
X X X X X X  X X X X

X X

X
X X  X X X X

X X
X

X
X X X X X X X  X X X X X X X X X

N N N N N N N N N N N N N N N N N N N N N N N N N
X X

X
X X  X X X X X  X X  X X

X

N N N N N N N N N N N N N N N N N N N N N N N N N

N N N N N N N N N N N N N N N N N N N N N N N N N
X X X

TOTAL
TISSUES
TUMORS

•50
1

50
2
1
1
I

50
49

50
50
50
48

50

•50
1

50
50
50
50
50
50
50
50

50
50
1

50
1

23
50
2

50
1
6

50
50

2
1

•50
2

30
•50

4
I

50
2

18
1

50

50
1
I

•50
1

•50
6
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TABLE B2. INDIVIDUAL ANIMAL
STUDY

TUMOR PATHOLOGY OF FEMALE RATS IN THE TWO-YEAR FEED
OF HYDROCHLOROTHIAZIDE: LOW DOSE

ANIMAL
NUMBER

WEEKS ON
STUDY

iNTLWJMkN FAKY SYSTEM
Skin

Squamous cell carcinoma
Subcutaneous tissue

Sarcoma, NOS

RESPIRATORY SYSTEM
Lungs and bronchi

Alveola r/bronchiolar adenoma
C cell carcinoma, metastatic

Trachea
Nasal cavity

HEMATOFUIETIC SYSTEM
Bone marrow
Spleen
Lymph nodes

Endometnal stromal sarcoma, metastatic
Thymus

CIRCULATORY SYSTEM
Heart

DIGESTIVE SYSTEM
Oral cavity

Squamous cell papilloma
Squamous cell carcinoma

Salivary gland
Liver
Bile duct
Pancreas
Esophagus
Stomach
Small intestine
Large intestine

URINARY SYSTEM
Kidney
Unnary bladder

ENDOCRINE SYSTEM
Pituitary

Adenoma, NOS
Adrenal

Pheochromocytoma
Thyroid

Folhcular cell carcinoma
C cell adenoma
C cell carcinoma

Parathyroid

REPRODUCTIVE SYSTEM
Mammary gland

Carcinoma, NOS
Fibroadenoma

Preputial/clitoral gland
Carcinoma, NOS
Adenoma, NOS

Uterus
Squamous cell carcinoma
Leiomyoma
Endometnal stromal polyp
Endometnal stromal sarcoma
Hemangiosarcoma

Ovary

NERVOUS SYSTEM
Brain

MUSCULOSKELETAL SYSTEM
Muscle

C cell carcinoma, metastatic

ALL OTHER SYSTEMS
Multiple organs, NOS

Fibrous histiocytoma, malignant
Leukemia, mononuclear cell

Ol Ol Ol 61 Ol Ol Ol Ol Ol Ol Ol Ol Ol 0| 0 0 0 0 0 0 0 0 0 0
3 4 0 0 1 1 3 4 3 4 2 3 3 1 4 1 3 2 1 4 0 4 0 4
4| 0| 9| 2| 3| 2| 9| 3| Q| 4| 8J 5\ 8| 6J 5\ l| 1\ o| »| 1 e| 7\ s| 9

01 01 01 01 01 01 01 01 01 0 01 01 01 01 0 01 01 01 01 01 11 I I I
2 3 3 4 4 4 4 5 5 8 8 8 8 9 9 9 9 9 9 9 0 0 0 0
7| 2| 3| 2| 2| 4| 9| 0| 6| 3 4\ 7\ 9\ 4| 4 5| 5| 6\ ?| g( fl| 3 4 5

X

X
X

X

+ + + + + + + + + + + + + + + _ + + +

N N N N N N N N N N N N N N N N N N N N N N N N

-(  + + + +  + + + -*  + +

+ + + + + + + + + + + + + f + + + + + + + + + 4

+ + +  + + + + + + + + - _ - - -  +  +

X X X  X X X X

X
X

X X  X X X
N N N N N N N N N N N N N N N N N N N N N N N N

X

X X
X

X

+ + + + + + + + + + + + + +
N N N N N N N N N N N N N N N N N N N N N N N N

X

N N N N N N N N N N N N N N N N N N N N N N N N
X

X  X X

?
4

r~i~
0
6

+

4

+

•1
+

,

+

N

+

+

•f

+
X
+

+

N

+

N

N
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TABLE B2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS: LOW DOSE
(Continued)

ANIMAL
NUMBER

WEEKS ON
STUDY

INTEGUMENTARY SYSTEM
Skin

Squamous cell carcinoma
Subcutaneous tissue

Sarcoma. NOS

01 01 01 01 01 01 0) 01 01 01 01 01 0 01 01 01 01 01 01 01 0
2 0 0 0 0 0 1 1 1 1 2 2 2 2 2 2 2 3 3 3 3
2 1 3 4 7 8 ty 5 7 8 1 3 4 5 6 7 9 1 2 3 6

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
6| 7| 7 7 7| 7| 7| 7| 7 7| 7| 7| 7| 7\ 7 7| 7| 7| 7| 7

01 01
4 4
6| 8|

0
4 5
8| 0

11 11
0 0
7| 7|

0
7| 7

'50
X 1

+ + + + + + + + + + + + + + + + + + + + + + + + *50
1

30
1
1

48
50

50
21
26
1

18

21

N N N N N N N N N N N N N N N N N N N N N N N N N '50
X 1

X 1
11
50

+ + + + + + ± + + + + + + + + + + + + + + + + + + 50
50

+ + + + + + -t- + + + + + + + + + + + - i - - l - + + -t- + + 49+  2 0

13
15

+ + + + + + + + + + + + + + + + + + + 50
14

+ + + + + + + + + + + + + + + + + + + + + + + + 50
X X X X X X  1 3

+ + + + + + + + + + + + + + + +  + + + + + + + + 49
1

+ + + + + + + + + + + + + + + + + + + + + + + + + 48
X 1

X X 3
X 2

47

TOTAL.
TISSUES
TUMORS

RESPIRATORY SYSTEM
Lungs and bronchi

Alveolar/bronchiolar adenoma
C-cell carcinoma, metastatic

Trachea
Nasal cavity

HEMATOPOIETIc SYSTEM
Bone marrow
Spleen
Lymph nodes

Enaometnal stromal sarcoma, meta
Thymus

CIRCULATORY SYSTEM
Heart

DIGESTIVE SYSTEM
Oral cavity

Squamous cell papilloma
Squamous cell carcinoma

Salivary gland
Liver
Bile duct
Pancreas
Esophagus
Stomach
Small intestine
Large intestine

URINARY SYSTEM
Kidney
Urinary bladder

ENDOCRINE SYSTEM
Pituitary

Adenoma, NOS
Adrenal

Pheochromocytoma
Thyroid

Follicularcell carcinoma
C cell adenoma
C cell carcinoma

Parathyroid

Mammary gland
Carcinoma, NOS
Fibroadenoma

Preputial/chtoral gland
Carcinoma, NOS
Adenoma, NOS

Uterus
Squamous cell carcinoma
Leiomyoma
Endometnal stromal polyp
Endometnal stromal sarcoma
Hemangiosarcoma

Ovary

NERVOUS SYSTEM
Brain

X X  X X
N N N N N N N N N N N N N N N N

X

+ + + +
X

+ + + + + + + + +
X

X  X X
N N N N N N N N N

+ + + + +

•50
1

12
•50

1
2

50
1
1
6
1
1

18

14

MUSCULOSKELETAL SYSTEM
Muscle

C-cell carcinoma, metastatic

ALL OTHER SYSTEMS
Multiple organs, NOS

Fibrous histiocytoma, malignant
Leukamia, mononuclear cell

N N N N N N N N N N N N N N N N N N N N N N N N N •50
1

N N N N N N N N N N N N N N N N

X

N N N N N N N N N

X

•50
1
5
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TABLE B2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE TWO-YEAR FEED
STUDY OF HYDROCHLOROTHIAZIDE: MID DOSE

ANIMAL
NUMBEH

WEEKS ON
STUDY

INTEGUMENTARY SYSTEM
Skin

Squamous cell papilloma
Basal cell tumor
Tnchoepithelioma

RESPIRATORY SYSTEM
Lungs and bronchi
Trachea
Nasal cavity

HEMATOPOIETIC SYSTEM
Bone marrow
Spleen
Lymph nodes
Thymus

CIRCULATORY SYSTEM
Heart

DIGESTIVE SYSTEM
Oral cavity

Squamous cell papilloma
Salivary gland
Liver

Leukemia, mononuclear cell
Bile duct
Pancreas
Esophagus
Stomach
Small intestine
Large intestine

URINARY SYSTEM
Kidney

Tubular cell adenoma
Unnary bladder

ENDOCRINE SYSTEM
Pituitary

Adenoma. NOS
Adrenal

Pheochromocytoma
Thyroid

C cell adenoma
C cell carcinoma

Parathyroid
Pancreatic islets

Islet cell adenoma

REPRODUCTIVE SYSTEM
Mammary gland

Adenoma, NOS
Adenocarcinoma, NOS
Fibroadenoma

Preputial/chtoral gland
Adenoma, NOS

Uterus
Adenoma, NOS
Leiomyosarcoma
Endometnal stromal polyp

Ovary
Thecoma

NERVOUS SYSTEM
Brain

SPECIAL SENSE OKOANS
Zymbal gland

Carcinoma, NOS

ALL OTHEK SYSTEMS
Multiple organs, NOS

Leukemia, mononuclear cell

0 01 01 01 Ol 0| 0[ 01 01 01 0| 0 0 0 0 01 0 0 0 0 0 0 0 0
3 0 3 3 3 0 4 1 2 0 0 4 0 0 1 4 2 3 1 1 0 0 0 1
4 3| Of 3| 2| 4| 5| 7| 0| 7\ 6| 8 5| 2| 3 9| 4 5 0 2| 1| S\ 9\ 1

2 2 3 6 7 7 7 8 8 8 9 9 9 9 9 9 0 0 0 0 0 0 0 0
0 2| 8| 6| 2| 3| 8| 7| 7 9| 1 2| 6| 7| 8| 9| 2 2 3 3 6 6 6 6

i
0
6

X

i::::::::::::::::::::::::
+ + t t t t + + + + + - + - - + - + + + - + + - +

+ + + + + , . + + + — + _ _ + _ +
N N N N N N N N N N N N N N N N N N N N N N N N

+  + + + + + + + +

X

+ + + + + + + + + + + + + + + + + + + + + + + -,

X X X X  X X X X X X X X

X X

X X

X X  X X
N N N N N N N N N N N N N N N N N N N N N N N N

X

X X  X X X X
+ + + + + + + + + +  +  +  +

N

+

+
-(

+

+

+
X

X

-f
+

-t

N
X
+

+ + + + + + + + + +

N N N N N N N N N N N N N N N N N N N N N N N N
X

N N N N N N N N N N N N N N N N N N N N N N N N
X X X  X X  X X  X X

N

N
X
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TABLE B2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS: MID DOSE
(Continued)

ANIMAL
NUMBER

WEEKS OH
STUDY

WTEGUMENTARV SVSTEM
Skin

Squamous cell papilloma
Basal cell tumor
Tnchoepithehoma

RESPIRATORY SYSTEM
Lungs and bronchi
Trachea
Nasal cavity

HEMATOPOIETIC SYSTEM
Bone marrow
Spleen
Lymph nodes
Thymus

CIRCULATORY SYSTEM
Heart

DIUEST1VE SYSTEM
Oral cavity

Squamous cell papilloma
Salivary gland
Liver

Leukemia, mononuclear cell
Bile duct
Pancreas
Esophagus
Stomach
Small intestine
Large intestine

URINARY SYSTEM
Kidney

Tubular cell adenoma
Urinary bladder

ENDOCRINE SYSTEM
Pituitary

Adenoma, NOS
Adrenal

Pheochromocytoma
Thyroid

C-cell adenoma
C cell carcinoma

Parathyroid
Pancreatic islets

Islet cell adenoma

REPRODUCTIVE SYSTEM
Mammary gland

Adenoma, NOS
Adenocarcinoma, NOS
Fibroadenoma

Preputial/chtoral gland
Adenoma, NOS

Uterus
Adenoma, NOS
Leiomyosarcoma
Endometnal stromal polyp

Ovary
Thecoma

NERVOUS SYSTEM
Brain

SPECIAL SENSE ORGANS
Zymbal gland

Carcinoma, NOS

ALL OTHER SYSTEMS
Multiple organs, NOS

Leukemia, mononuclear cell

01 Of 01 01 01 01 01 0! 01 01 0 01 01 01 01 01 01 01 01 0 01 01 01 01 0
1 1 1 1 2 2 2 2 2 2 2 2 3 3 4 4 3 3 3 4 4 4 4 4 5
5| e| 8| 9\ l| 2| 3| 5| 6| 7| 8 9| l| B| fl| 7| 7| 8| 9| 1 2\ 3\ 4\ 6| 0

ii ii ii ii ii ii ii ii ii ii ii ii i ii ii ii irii 'ii i i i ii ii i
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
e] 6|e | e| e| B| e| e| e| e| e| e| 6 e| e| e| T| 7( ?| 7 7 7 7) T| 7

+ + + + + + + + 4 . 4 . + + +  + A + + + + + + + + + +

X
X

+ + + + A +  + +

+ + + + + + + + + + + + +  + A + + + + + + + + + +

4  +  +  + + +  + A + +  +
+ + + + A + +

 +  + . „ + + A +

N N N N N N N N N N N N N N A N N N N N N N N N N
X

A

+ + + + + + + + + + + + + +A + + + + + + + + + +
+ A 4

A

A

+ + + + + + + + + + + + +  + A + + + + + + + + + +

X

X X  X X X X X X X

X  X X
+ 4 - 4 - + + 4- + + + 4- + + + +A + 4- + + + + + + + +

X X
X X

+ + 4  + + + + + + + + + + +A + + + + + + + + + +

X

X
X

X  X X X  X X X
N N N N N N N N N N N N N N A N N N N N N N N N N

X
X

X X  X X
 .(  + A

X

1 »

N N N N N N N N N N N N N N A N N N N N N N N N N

N N N N N N N N N N N N N N A N N N N N N N N N N
X  X X

TOTAL:
TISSUES
TUMORS

•49
1
1
1

26
49
48

49
25
27
19

18

•49
1
9

49
1

49
49
49
14
12
12

49
1

11

48
21
49
6

49
5
2

49
49
1

•49
1
1

11
•49

2
49
1
1

10
15
1

11

•49
1

•49
13
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TABLE B2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE TWO-YEAR FEED
STUDY OF HYDROCHLOROTHIAZIDE: HIGH DOSE

ANIMAL
NUMBER

WEEKS ON
STUDY

INTEGUMENTARY SYSTEM
Skin

Papilloma, NOS
Squamous cell papilloma

Subcutaneous tissue
Sarcoma, NOS

RESPIRATORY SYitobM
Lungs and bronchi

Carcinoma, NOS, nwtastatic
Sarcoma, NOS, metastatic

Trachea
Nasal cavity

HEMATOPOIETIC SYSTEM
Bone marrow
Spleen
Lymph nodes

Sarcoma, NOS, metastatic
Thymus

CIRCULATORY SYSTEM
Heart

DIGESTIVE SYSTEM
Oral cavity

Squamous cell papilloma
Salivary gland
Liver
Bile duct
Pancreas
Esophagus
Stomach
Small intestine
Large intestine

URINARY SYSTEM
Kidney

Tubular celt adenoma
Urinary bladder

ENDOCRINE SYSTEM
Pituitary

Adenoma, NOS
Adrenal

Adenoma, NOS
Pheochromocytoma

Thyroid
C-cell adenoma
C cell carcinoma

Parathyroid

REPRODUCTIVE SYSTEM
Mammary gland

Adenoma, NOS
Adenocarcmoma, NOS
Fibroadenoma

Preputial/clitoral gland
Carcinoma, NOS
Adenoma, NOS

Uterus
Endometnal stromal polyp

Ovary

NERVOUS SYSTEM
Brain

SPECIAL SENSE ORQANS
Zymbal gland

Carcinoma, NOS

BOUY CAVITIES
Panto ne urn

Mesothehoma, NOS

ALL OTHER sVsTEMS
Multiple organs, NOS

Histiocytic sarcoma
Leukemia, mononoclear cell

01 01 01 01 01 01 01 01 01 0 01 01 01 01
4 1 3 1 4 2 0 4 2 3 3 3 5 3
7| 4| 2| S\ 6\ 7\ 4| 4| S\ 7 o| 4J 0| 6J

01 01 01 0 01 01 01 01 01 0 0 01 01 01
2 2 4 5 5 6 7 8 8 9 9 9 9 9
7| 8| 0| 0 0| 6| 9| 1| 8| 0 4 4| 4| 5|

+ + + + + + + + + + + + + +

+ + + + + + + + + + + + + +

N N N N N N N N N N N N N N

+ + + + + + + + + + + + +
+ + + + + + + + + + + + +
+ + + + + + + + + + + + +

+ + + + + + + + + + + + +

+ + + + +. + + + + + + + + +

X  X X

X X

+ + + + + + + + + + + + + +

X

N N N N N N N N N N N N N N

X X X X

+ + + + + + + + + + + + + +

N N N N N N N N N N N N N N

N N N N N N N N N N N N N N
X

N N N N N N N N N N N N N N
X

X X X X X

01 01 0 0 01 01 01 01 01 0
0 1 3 3 4 1 2 2 4 0
9| 7| 1 8 9| 2| 2| 9| 0| 1

9 9 9 0 0 0 0 0 0 0
7| 9| 9| 2 2 4| 4| 5| S| 6

X

X

+ + + + + + + + + +
X

X

 + + + + + + + + +

+ + + + + + + + + +
 + + + + + + + + +

X

+ + + + + + + + + +

N N N N N N N N N N
X

 + + + + + + + + +

X

 + + + + + + + + +
X  X X X X X

X X

X X

+ + + + + + + + + +

X
X

N N N N N N N N N I *

X X X

+ + + + + + + + + +

N N N N N N N N N N
X

N N N N N N N N N N

N N N N N N N N N N

to
o

o

0
6

+

+

+

+

+

N

+

+

+
+

+

+

+

N
X

+

+

N

N

N
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TABLE B2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE BATS: HIGH DOSE
(Continued)

Ol Ol Ol Ol Ol Ol Ol 0] Ol Ol 01 01 01 01 01 01 01 01 01
0 0 0| 0 0 1 1 1 1 1 1 2 2 2 2 2 2 3 3
3 5 6 7 8 0 1 5 6 8 9 0 1 4 5 6 8 3 5

a a a a
l| 2| 3 &|

ANIMAL
NUMBER

WEEKS ON
STUDY

II 11 II II II II II II II 1 1 1 1 1 1 1 1 1
O] 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
6| 6| 6 6 6| 6 6 6| 6| 6 6| fi| B| 6| 6J 6 6| 6

II  1 1 l

0 0 0 0
6 6 6 6

TOTAL
TISSUES
TUMORS

INTEGUMENTARY SYSTEM
Skin

Papilloma, NOS
Squamous cell papilloma

Subcutaneous tissue
Sarcoma, NOS

+ + + + + + + + + + + + + + + + + + + + + + + + + *50

X 1
+ + + + + + + + + + + + + *50

1

+ + + + + + + + + + + + + + + + + + + + + + + + + 50
1
1

+ + + + + + + + + + + + + + + + f + + + + + 50
+ + + + + + + + + + + + + + 4  + + + + + + + + 49

+ 4  + + 50
+ + + + + + + + + + + + + + -t- + 4- + + + + 4- + + + 49

+ +• + + +• + + 50
1

40

+ + + + + + + + •»  + + + +• + + + + + 50

N N N N N N N N N N N N N N N N N N N N N N N N N *50
1

+ + + + +• + + 50
+ + 4  + + + + + + + + + + + + + + + + + + + + + 50

+- + + + + +- + + 4- + + + + + -I- + + + + + - 4 - 4 - + + + 50
+ 4- + + + + + + -l- + + + + + + + + + + + + + + + -t- 49
+- + + - 4 - + + + + + + + + + + + + + + + + + 4- + + + 50
+ + + + + + + + + + + + + + + +- + + - t - 4 - + + + + 4- 49

+ + + + + + + 49
+• + + +• + + 48

50
1

+- + 4- + + + - 4 - + + + + + + + + 4. + + + + +- + + + + 49

+ +- + + + + + + 4- + + + +- + -H + + + + + + + + 49
X X  X X X X X 1 6
+ + + + 4- + + 4- + + + + + + +- + + + + + + 4- + + + 50

X 1
4

+ + 4- + + +- + + + + + + + + - H + - + + + + + + + + + 50
X X X 5

X X 2
+ + + + + + + 4- + + + - t - - + + + + + + + 4- + + + + 49

4- + + 4 - - t - + + + + + 4. + -f- + 4 - 4 - 4 - + - + 4 - 4 - + + 4 - + *50
X 1

2
X X X X 5

N N N N N N N N N N N N N N N N N N N N N N N N N « 5 0
X 2

X 1
+ + + + + + + + + + 50

x x x x  1 1
+ + + + + + + + + + 4  + + + + + + + + + + + + 50

RESPIRATORY SYSTEM
Lungs and bronchi

Carcinoma, NOS, metastatic
Sarcoma, NOS, metastatic

Trachea
Nasal cavity

HEMATOPOIETIC SYSTEM
Bone marrow
Spleen
Lymph nodes

Sarcoma, NOS, metastatic
Thymus

CIRCULATORY SYSTEM
Heart

DIGESTIVE SYSTEM
Oral cavity

Squamous cell papilloma
Salivary gland
Liver
Bile duct
Pancreas
Esophagus
Stomach
Small intestine
Large intestine

URINARY SYSTEM
Kidney

Tubular cell adenoma
Unnary bladder

ENDOCRINE SYSTEM
Pituitary

Adenoma, NOS
Adrenal

Adenoma, NOS
Pheochromocytoma

Thyroid
C-cell adenoma
C cell carcinoma

Parathyroid

REPRODUCTIVE SYSTEM
Mammary gland

Adenoma, NOS
Adenocarnnoma, NOS
Fibroadenoma

Preputial/chtoral gland
Carcinoma, NOS
Adenoma, NOS

Uterus
Endometnal stromal polyp

Ovary

NERVOUS SYSTEM
Brain

SPECIAL SENSE ORGANS
Zymbal gland

Carcinoma, NOS

BODY CAVITIES
Peritoneum

Mesothehoma, NOS

N N N N N N N N N N N N N N N N N N N N N N N N N •50
1

N N N N N N N N N N N N N N N N N N N N N N N N N •50
1

ALL OTHER SYSTEMS
Multiple organs, NOS

Histiocytic sarcoma
Leukemia, mononuclear cell

N N N N N N N N N N N N N N N N N N N N N N N N

X X  X X X

*50
1

10
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TABLE B3. ANALYSIS OF PRIMARY TUMORS IN FEMALE RATS IN THE TWO-YEAR FEED STUDY O F  
HYDROCHLOROTHIAZIDE 

Control 250 ppm 

Hematopoietic System: Mononuclear Cell Leukemia 
Overall Rates (a) 6/50 (12%) (b)5/50 (10%) 
Adjusted Rates (c) 16.0% 15.3% 
Terminal Rates (d) 3/31 (10%) 2/26 (8%) 
Week ofFirst Observation 86 84 
Life Table Tests (e) P=0.185 P=0.619N 
Incidental Tumor Tests (e) P=0.170 P=0.625N 
Cochran-Armitage Trend Test (e) P=0.208 
Fisher Exact Test (e) P=0.500N 

Anterior Pituitary Gland: Adenoma 
Overall Rates (a) 23/50 (46%) 13/50 (26%) 
Adjusted Rates (c) 56.8% 37.6% 
Terminal Rates (d) 14/31 (45%) 6/26 (23%) 
Week ofFirst Observation 87 89 
Life Table Tests (e) P=0.330N P=0.135N 
Incidental Tumor Tests (e) P=0.300N P= 0.104N 
Cochran-Armitage Trend Test (e) P=0.263N 
Fisher Exact Test (e) P=0.030N 

Anterior Pituitary Gland: Adenoma or Carcinoma 
Overall Rates (a)  24/50 (48%) 13/50 (26%) 
Adjusted Rates (c) 59.3% 37.6% 
Terminal Rates (d) 15/31 (48%) 6/26 (23%) 
Week ofFirst Observation 87 89 
Life Table Tests (e) P= 0.291N P=0.103N 
Incidental Tumor Tests (e) P=0.257N P=0.074N 
Cochran-Armitage Trend Test (e) P=0.223N 
Fisher Exact Test (e) P=0.019N 

Adrenal Gland Medulla: Pheochromocytoma 
Overall Rates (a) 2/50 (4%) 1/49 (2%) 
Adjusted Rates (c) 6.5% 4.0% 
Terminal Rates (d) 2/31 (6%) 1/25 (4%) 
Week ofFirst Observation 106 106 
Life Table Tests (e) P=0.266 P=0,575N 
Incidental Tumor Tests (e) P=0.276 P=0.575N 
Cochran-Armitage Trend Test (e) P=0.288 
Fisher Exact Test (e) P=0.508N 

Thyroid Gland: C-cell Adenoma 
Overall Rates (a) 6/50 (12%) 3/48 (6%) 
Adjusted Rates (c) 19.4% 11.0% 
Terminal Rates (d) 6/31 (19%) 2/26(8%) 
Week of First Observation 106 104 
Life Table Tests (e) P=0.527 P=0.333N 
Incidental Tumor Tests (e) P=0.542 P=0.333N 
Cochran-Armitage Trend Test (e) P=0.581 
Fisher Exact Test (e) P=0.264N 

Thyroid Gland: C-cell Adenoma o r  Carcinoma 
Overall Rates (a) 6/50 (12%) 5/48 (10%) 
Adjusted Rates (c) 19.4% 17.4% 
Terminal Rates (d) 6/31 (19%) 3/26 (12%) 
Week of First Observation 106 98 
Life Table Tests (e )  P=0.363 P =0.621N 
Incidental Tumor Tests (e) P=0.380 P=0.621N 
Cochran-Armitage Trend Test (e) P=0.426 
Fisher Exact Test (e) P=0.529N 

Hydrochlorothiazide, NTP TR 357 116 

500 ppm 

(b)14/49 (29%) 
36.7% 
7/29 (24%) 
72 
P=0.036 
P=0.041 

P=0.035 


21/48 (44%) 
55.2% 
12/28 (43%) 
72 ' 

P=0.569 
P=0.452 

P=0.492N 

21/48 (44%) 
55.2% 
12/28 (43%) 
72 
P=0.505N 
P=0.531 

P=0.413N 

6/49 (12%) 

18.2% 

4/29 (14%) 

92 
P=0.114 
P=0.104 

P=0.128 


5/49(10%)

14.8% 

3/29 (10%) 
89 
P=0.547N 
P=0.569N 

P=0.514N 

7/49 (14%) 
21.4% 
5/29 (17%) 
89 
P=0.448 
P=0.428 

P=0.484 

2,000 ppm 

10/50 (20%) 

28.3% 

5/27 (19%) 

88 

P=0.161 

P=0.144 


P=0.207 

16/49 (33%) 
44.6% 
8/27 (30%) 
81 
P =0.246N 
P=0.224N 

P=0.124N 


16/49 (33%) 
44.6% 
8/27 (30%) 
81 
P=0.197N 
P=0.171N 

P=0.088N 

4/50 (8%) 
10.6% 
0127 (0%)
79 
P=0.303 
P=0.300 

P=0.339 


5/50(10%)
16.3% 
3/27(11%)
99 
P=0.586N 
P=0.579N 

P=0.500N 


7/50 (14%) 
23.2% 
5/27 (19%) 
99 
P=0.403 
P=0.409 

P=0.500 
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TABLE B3. ANALYSIS O F  PRIMARY TUMORS IN FEMALE RATS IN THE TWO-YEAR FEED STUDY OF 
HYDROCHLOROTHIAZIDE (Continued) 

Control 250 ppm 

-.-
P’ancreatic Islets: Islet Cell Adenoma o r  Carcinoma 

Overall Rates (a) 3/50 (6%) 0150 (0%) 
Adjusted Rates (c) 9.7% 0.0% 
Terminal Rates (d) 3/31 (10%) 0/26 (0%) 
Week of First Observation 106 
Life Table Tests (e) P=0.178N P =0.153N 
Incidental Tumor Tests (e) P=0.178N P=0.153N 
Cochran-Armitage Trend Test (e) P =0.168N 
Fisher Exact Test (e) P=0.121N 

Mammary Gland: Fibroadenoma 
Overall Rates (a) 30/50 (60%) 12/50 (24%) 
Adjusted Rates (c) 72.5% 37.7% 
Terminal Rates (d) 20131 (65%) 7/26 (27%) 
Week of First Observation 87 56 
Life Table Tests (e) P<0.001N P =0.007N 
Incidental Tumor Tests (e) P <0.001N P=0.003N 
Cochran-Armitage Trend Test (e) P<0.001N 
Fisher Exact Test (e) P <0.001N 

Mammary Gland: Adenoma or Fibroadenoma 
Overall Rates (a) 30150 (60%) 12/50 (24%) 
Adjusted Rates (c) 72.5% 37.7% 
Terminal Rates (d) 20131 (65%) 7/26 (27%) 
Week of First Observation 87 56 
Life Table Tests (e) P<0.001N P =0.007N 
Incidental Tumor Tests (e) P<0.00 1N P=0.003N 
Cochran-Armitage Trend Test (e) P <0.001N 
Fisher Exact Test (e) P<O.OOlN 

Mammary Gland: Adenoma, Adenocarcinoma, or Carcinoma 
Overall Rates (a) 2/50 (4%) 1/50(2%) 
Adjusted Rates (c) 5.7% 3.8% 
Terminal Rates (d) 1/31 (3%) 1/26 (4%) 
Week of First Observation 97 106 
Life Table Tests (e) P =0.299 P=0.563N 
Incidental Tumor Tests (e) P =0.309 P=0.560N 
Cochran-Armitage Trend Test (e) P=0.323 
Fisher Exact Test (e) P=0.500N 

Mammary Gland: Adenoma, Fibroadenoma, Adenocarcinoma, or Carcinoma 
Overall Rates (a) 32/50(64%) 12/50 (24%) 
Adjusted Rates (c) 75.6% 37.7% 
Terminal Rates (d) 21/31 (68%) 7/26 (27%) 
Week of First Observation 87 56 
Life Table Tests (e) P<0.001N P =0.003N 
Incidental Tumor Tests (e) P <0.001N P<0.001 N 
Cochran-Armitage Trend Test (e) P <0.001N 
Fisher Exact Test (e) P<O.OOl N 

Clitoral Gland: Carcinoma 
Overall Rates (a) 4/50 (8%) 1/50(2%) 
Adjusted Rates (c) 11.3% 3.8% 
Terminal Rates (d) 2/31 (6%) 1/26 (4%) 
Week of First Observation 92 106 
Life Table Tests (e) P=0.563N P=0.241N 
Incidental Tumor Tests (e) P=0.562N P=0.242N 
Cochran-Armitage Trend Test (e) P=0.536N 
Fisher Exact Test (e) P=0.181N 

~ 

500 ppm 

1/49 (2%) 
3.4% 
1/29 (3%) 
106 
P =0.328N 
P=0.328N 

P=0.316N 

11/49 (22%) 
34.8% 
9/29 (31%) 
92 
P<O.OOlN 
P <0.001 N 

P<O.OOlN 

12/49 (24%) 
38.0% 
10129 (34%) 
92 
P =  0.002N 
P=0.002N 

P<0.001N 

2/49 (4%) 

6.9% 

2/29 (7%) 

106 

P=0.671 

P=0.632 


P =0.684 

13/49 (27%) 
41.3% 
11/29 (38%) 
92 
P =0.001N 
P=0.001N 

P <0,001N 

0149 (0%)

0.0% 

0129 (0%) 


P=O.C79N 
P =0.086N 

P =0.061N 

2,000 ppm 

0149 (0%) 
0.0% 
0127 (0%) 

P= 0.145N 
P=0.145N 

P=0.125N 

5/50 (10%) 
17.6% 
4/27 (15%) 
104 
P<0.001N 
P <0.001N 

P <0.001N 

6/50 (12%) 
21.1% 
5/27(19%) 
104 
P <0.001 N 
P <  0.001N 

P 0.001N 

3/50 (6%) 
9.3% 
1/27 (4%) 
90 
P=0.449 
P=0.455 

P=0.500 

8/50(16%)
25.7% 
5/27 (19%) 
90 
Pc0.001N 
P <0.001N 

P <0.001N 

2/50 (4%)
7.4% 
2/27 (7%) 
106 
P =0.398N 
P=0.399N 

P=0.339N 
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TABLE B3. ANALYSIS O F  PRIMARY TUMORS IN FEMALE RATS IN THE TWO-YEAR FEED STUDY OF 
HYDROCHLOROTHIAZIDE (Continued) 

Control 250 ppm 500 ppm 2,000 ppm 

Clitoral Gland:Adenoma or Carcinoma 
Overall Rates (a) 5/50 (10%) 3/50 (6%) 2/49 (4%) 3/50 (6%) 
Adjusted Rates (c) 13.3% 10.8% 6.0% 11.1% 
Terminal Rates (d) 2131(6%) 2/26 (8%) 1/29 (3%) 3/27 (11%) 
Week of First observation 92 100 96 106 
Life Table Tests (e) P =0.470N P =0.462N P =0.260N P=0.427N 
Incidental Tumor Tests (e) P=0.448N P =  0.458N P =0.320N P =0.421N 
Cochran-Armitage Trend Test (e) P =0.434N 
Fisher Exact Test (e) P=0.357N P =0.226N P =0.357N 

Uterus: Endometrial Stromal Polyp 
Overall Rates (a) 18/50 (36%) 6/50 (12%) 10149 (20%) 11/50 (22%) 
Adjusted Rates (c) 46.9% 19.9% 27.8% 29.0% 
Terminal Rates (d) 12/31 (39%) 4/26 (15%) 5/29 (17%) 4/27 (15%) 
Week of First Observation 88 50 87 66 
Life Table Tests (e) P=0.419N P =0.023N P=O. l l lN P=0.191N 
Incidental Tumor Tests (e) P=0.384N P=0.009N P=O.l41N P=0.165N 
Cochran-Armitage Trend Test (e) P=0.354N 
Fisher Exact Test (e) P=0.005N P =0.067N P =0.093N 

All Sites: Benign Tumors 
Overall Rates (a) 43/50 (86%) 32/50 (64%) 36/49 (73%) 31/50 (62%) 
Adjusted Rates (c) 95.5% 79.9% 85.4% 7 1.9% 
Terminal Rates (d) 29/31 (94%) 18/26 (69%) 23/29 (79%) 15/27 (56%) 
Week of First Observation 87 50 72 66 
Life Table Tests (e) P =  0.169N P=0.281N P =0.300N P=0.143N 
Incidental Tumor Tests (e) P=0.039N P=O.l15N P=0.406N P =  0.041N 
Cochran-Armitage Trend Test (e) P=0.035N 
Fisher Exact Test (e) P =  0.010N P =0.096N P =0.006N 

All Sites: Malignant Tumors 
Overall Rates (a) 20150 (40%) 16/50 (32%) 19/49 (39%) 18/50 (36%) 
Adjusted Rates (c) 48.2% 46.1% 49.3% 48.0% 
Terminal Rates (d) 11/31 (35%) 9/26 (35%) 11/29(38%) 9/27 (33%) 
Week of First Observation 86 50 66 79 
Life Table Tests (e) P =0.516 P=0.517N P=0.532 P=0.564 
Incidental Tumor Tests (e) P =0.543 P =0.429N P =0.540N P=0.580 
Cochran-Armitage Trend Test (e) P =  0.500N 
Fisher Exact Test (e) P=0.266N P =0.532N P=0.419N 

All Sites: All Tumors 
Overall Rates (a) 49/50 (98%) 39/50 (78%) 39/49 (80%) 37/50 (74%) 
Adjusted Rates (c) 100.0% 90.7% 86.4% 82.2% 
Terminal Rates (d) 31/31 (100%) 22/26 (85%) 23/29 (79%) 19/27 (70%) 
Week of First Observation 86 50 66 66 
Life Table Tests (e) P =0.197N P=0.418N P =0.184N P=0.175N 
Incidental Tumor Tests (e) P =  0.016N P=0.141N P =0.034N P=O.OlON 
Cochran-Armitage Trend Test (e) P =0.017N 
Fisher Exact Test (e) P =0.002N P =0.004N P =0.001N 

(a)Number of tumor-bearing animals/number of animals examined a t  the site 
(b) Twenty-one spleens were examined in the 250-ppm group and 25 in the 500-ppm group. Trend and pairwise statistical 
comparisons assume that all animals were examined equally for leukemia. 
(c) Kaplan-Meier estimated tumor incidences a t  the end of the study after adjusting for intercurrent mortality 
(d)Observed tumor incidence a t  terminal kill 
(e)Beneath the control incidence are the P values associated with the trend test. Beneath the dosed group incidence are the 
P values corresponding to pairwise comparisons between that dosed group and the controls. The life table analysis regards 
tumors in animals dying prior to terminal kill as  being (directly or indirectly) the cause of death. The incidental tumor test 
regards these lesions as  nonfatal. The Cochran-Armitage and Fisher exact tests compare directly the overall incidence rates. 
A negative trend or lower incidence in a dosed group is indicated by (N). 
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TABLE B4a. HISTORICAL INCIDENCE OF RENAL TUBULAR CELL TUMORS IN FEMALE F344/N RATS 
RECEIVING NO TREATMENT (a) 

Incidence of Adenomas or Adenocarcinomas in Controls 

No 2-year studies by SRI International are included in the historical data base. 

Overall Historical Incidence 

TOTAL (b)4/1,928 (0.2%) 

SD (e) 1.17% 


Range (d) 
High 1/49 
Low 0/50 

Ia) Data as of April 29,1987,for studies of a t  least 104 weeks 
j b I Includes two tubular cell adenomas, one adenocarcinoma, NOS, and one tubular cell adenocarcinoma 
( c )Standard deviation 

(dr Range and SD are presented for groups of 35 or more animals. 


TABLE B4b. HISTORICAL INCIDENCE OF LEUKEMIA IN FEMALE F344/N RATS RECEIVING NO 
TREATMENT (a) 

Incidence in Controls 

N o  2-year studies by SRI International are included in the historical data base. 

Overall Historical Incidence 

TOTAL 383/1,983 (19.3%) 
SD (b) 6.66% 

Range (c) 
High 15/49
Low 3/50 

(a)Data as of April 29,1987, for studies ofat  least 104 weeks 
(b)  Standard deviation 
(e) Range and SD are presented for groups of 35 or more animals. 
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TABLE B4c. HISTORICAL INCIDENCE OF MAMMARY GLAND TUMORS IN FEMALE F344/N RATS 
RECEIVING NO TREATMENT (a) 

Incidence in Controls 
Fibroadenoma Adenocarcinoma Fibroadenoma or 

Adenocarcinoma 

No 2-year studies by SRI International are included in the historical data base. 

Overall Historical Incidence 

TOTAL (b)5890,983 (29.7%) ( c )5211,983 (2.6%) tb,c)62211,983 (31.4%) 
SD (d) 10.19% 2.09% 10.00% 

Range (e) 
High 24/49 4/50 25/50 
LOW 5/50 0/50 6/50 

(a)Data as  of April 29,1987, for studies of a t  least 104weeks 
(b)Includes 14 adenomas, NOS, 2 cystadenomas, NOS, 2 papillary cystadenomas, NOS, and 4 cystfibroadenomas 
(c) Includes three papillary adenocarcinomas and two papillary cystadenocarcinomas, NOS 
(d)Standard deviation 
(e)Range and SD are presented for groups of 35 or more animals. 

TABLE B4d. HISTORICAL INCIDENCE OF ENDOMETRIAL STROMAL POLYPS IN FEMALE F344/N 
RATS RECEIVING NO TREATMENT (a) 

Incidence in Controls 
~ ~ ~ ~ ~~ 

No 2-year studies by SRI International are included in the historical data base. 

Overall Historical Incidence 

TOTAL 42011,966 (21.4%) 

SD (b) 7.55% 


Range (c) 
High 18/49
Low 4/50 

(a)Data as  of April 29,1987, for studies of a t  least 104weeks 
(b)Standard deviation 
(c) Range and SD are presented for groups of 35 or more animals. 
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TABLE B5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN THE 
TWO-YEARFEED STUDY OF HYDROCHLOROTHIAZIDE 

Untreated Control Low Dose Mid Dose High Dose 

Animals initially in study 50 50 50 50 
Animals necropsied 
Animals examined histopathologically 

50 
50 

50 
50 

49 
49 

50 
50 

INTEGUMENTARY SYSTEM 
*Skin (50) (50) (49) (50) 

Epidermal inclusion cyst 
Hemorrhage
Hyperplasia, epithelial 
Hyperkeratosis

*Subcutaneous tissue 

1 (2%) 
1 (2%) 

(50) 

1 (2%) 

1 (2%)
150) 

1 (2%) 

(49) (50) 
Hemorrhage 

Inflammation, chronic focal 
Inflammation, suppurative 

1 (2%) 
3 (6%) 

1 (2%) 

1 (2%) 

~~~ ~ ~~ ~ ~ ~ 

RESPIRATORY SYSTEM 
#Nasal cavity 

Foreign body, NOS 
Congestion, NOS 
Hemorrhage
Inflammation, acute focal 
Inflammation, chronic focal 

#Tracheal submucosa 
Dilatatiodducts 

#Lung/bronchiole 
Foreign body, NOS 
Hyperplasia, epithelial 

Foreign body, NOS 
Mineralization 
Congestion,NOS 
Edema, NOS 
Hemorrhage
Inflammation, interstitial 
Inflammation, acute focal 
Inflammation, chronic focal 
Infarct, focal 
Pigmentation, NOS 
Alveolar macrophages 
Hyperplasia, alveolar epithelium 

#Lung 

(49) 
1 (2%) 

1 (2%) 
1 (2%) 

(50) 

(50) 

(50) 

6 (12%) 

1 (2%) 

4 (8%) 

25 (50%) 
6 (12%) 
2 (4%) 

(50) 
6 (12%) 

4 (8%) 
5 (10%) 

(48) 

(30) 
1 (3%) 
1 (3%) 

3 (10%) 
1 (3%) 

11 (37%) 
2 (7%) 
9 (30%) 
1 (3%) 
2 (7%) 
5 (17%) 

4 (13%) 
4 (13%) 

(30) 

(48) 
2 (4%) 
1 (2%) 
2 (4%) 
3 (6%) 

(49) 

(26) 
1 (2%) 

(26) 

4 (15%) 
3 (12%) 
4 (15%) 

2 (8%) 
2 (8%) 
1 (4%) 
4 (15%) 
4 (15%) 

(49) 
2 (4%) 
1 (2%) 
2 (4%) 
5 (10%) 

(50) 

(50) 

(50) 
1 (2%) 

10 (20%) 

7 (14%) 

2 (4%) 
9 (18%) 

30 (60%) 
4 (8%) 
2 (4%) 

~ ~ ~ ~~ ~ _ _ ~ ~ ~ 

HEMATOPOIETIC SYSTEM 

Hyperplasia, lymphoid 

Hyperplasia, granulocytic 
Hyperplasia, reticulum cell 

Abnormal curvature 
Congestion, NOS 
Fibrosis, focal 
Infarct, NOS 
Pigmentation, NOS 
Atrophy, NOS 
Atrophy, focal 
ktrophy, diffuse 
Hematopoiesis

#Splenic capsule 
Fibrosis, focal 

*Abdominal cavity 

#Bone marrow 

#Spleen 

(50) 

(50) 
1 (2%) 
1 (2%) 

(50) 

1 (2%) 
1 (2%) 
1 t2%) 
1 (2%) 

10 (20%) 
(50) 

(50) 

(50) 
1 (2%) 
2 (4%) 

(21) 

1 (5%) 

1 (5%) 
8 (38%) 

(21) 

(49) 

(49) 
1 (2%) 

2 (4%) 
1 (2%) 

1 (4%) 
(25) 

1 (4%) 

3 (12%) 

5 (20%) 
(25) 

(50) 

(50) 

1 (2%) 

1 (2%) 
1 (2%) 
1 (2%) 

(49) 

2 (4%) 
1 (2%) 
7 (14%) 

1 (2%) 
(49) 

121 Hydrochlorothiazide, NTP TR 357 



TABLE B5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS I N  FEMALE RATS IN  THE 
TWO-YEAR FEED STUDY O F  HYDROCHLOROTHIAZIDE (Continued) 

Untreated Control Low Dose Mid Dose High Dose 

HEMATOPOIETIC SYSTEM (Co 
#Lymph node 

Cyst, NOS 
Inflammation, acute 
Hyperplasia, plasma cell 
Hyperplasia, lymphoid 

#Mandibular lymph node 
Cyst, NOS 
Congestion, NOS 
Necrosis, focal 
Hyperplasia, plasma cell 
Hyperplasia, lymphoid 

Angiectasis
Hyperplasia, plasma cell 
Hyperplasia, reticulum cell 

Pigmentation, NOS 
Hyperplasia, plasma cell 

#Pancreatic lymph node 
Hematopoiesis 

#Mesenteric lymph node 
Multiple cysts 
Congestion, NOS 
Edema, NOS 
Hemorrhage
Necrosis, focal 
Angiectasis
Hyperplasia, plasma cell 
Hyperplasia, reticulum cell 
Hyperplasia, lymphoid 

#Renal lymph node 
Edema, NOS 

#Inguinal lymph node 
Cyst, NOS 

#Liver 
Hematopoiesis 

#Thymus
Cyst, NOS 
Congestion, NOS 
Hemorrhage
Necrosis,focal 
Involution, NOS 

#Thoracic lymph node 

#Hepatic lymph node 

intinued) 
(50) 

1 (2%) 

(50) 
3 (6%) 
2 (4%) 

1 (2%) 
1 (2%) 

1 (2%) 

1 (2%) 

(50) 

(50) 

(50) 

(50) 
1 (2%) 

2 (4%) 

1 (2%) 

1 (2%) 

(50) 

(50) 

(50) 

(48) 

1 (2%) 

2 (4%) 

1 (2%) 
1 (2%) 
1 (2%) 

45 (94%) 

(26) 

1 (4%) 
(26) 

1 (4%) 

(26) 

1 (4%) 

(26) 

1 (4%) 
(26) 

(26) 
1 (4%) 

2 (8%) 

4 (15%) 
(26) 

(26) 

(50) 

(18) 
3 (6%) 

1 (6%) 
2 (11%) 
1 (6%) 
9 (50%) 

(27) 

1 (4%) 
1 (4%) 

(27) 

1 (4%) 
2 (7%) 

(27) 

1 (4%) 

(27) 

(27) 

(27) 

1 (4%) 
1 (4%) 
2 (7%)
1 (4%) 

(27) 

(27) 

(49) 

(19) 

1 (4%) 

3 (6%) 

1 (5%) 

18 (95%) 

(50) 

(50)
4 (8%) 
2 (4%) 

2 (4%) 
1 (2%) 

(50) 

(50) 
1 (2%) 

(50) 

(50) 

3 (6%) 
1 (2%) 

1 (2%) 
1 (2%) 
3 (6%) 

(50) 

(50) 

(50) 

(40) 
2 (4%) 

3 (8%)
1 (3%) 

33 (83%) 

CIRCULATORY SYSTEM 
#Hepatic lymph node 

#Mesenteric lymph node 

#Heart 

Lymphangiectasis 

Lymphangiectasis 

Mineralization 
Dilatation, NOS 
Cyst, NOS 
Inflammation, chronic focal 
Fibrosis, focal 
Periarteritis 

Mineralization 
Hemorrhage 

Mineralization 
Thrombosis, NOS 

*Aorta 

*Pulmonary artery 

(50) 

(50) 

(50) 

47 (94%) 

1 (2%) 

37 (74%) 
1 (2%) 

(50) 

(50) 

(261 

(26) 

(21) 

1 8  (86%) 

1 (2%) 

6 (12%) 

(50) 

(50) 

(27) 

(27) 

(18) 

1 (6%) 
1 (6%) 

14 (78%) 

1 (2%) 

4 (8%) 

(49) 

(49) 

(50) 

(50) 

(50) 

1 (2%) 

1 (2%) 

1 12%) 

45 (90%) 
1 (2%) 

(50) 

(50) 
25 (50%) 
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TABLE B5. SUMMARY O F  THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN THE 
TWO-YEAR FEED STUDY OF HYDROCHLOROTHIAZIDE (Continued) 

Untreated Control Low Dose Mid Dose High Dose 

CIRCULATORY SYSTEM (Continued) 
#Pancreas (50) (50) (49) (49) 


Periarteritis 1 (2%) 


-
DIGESTIVE SYSTEM 

*Tooth (50) (50) (49) (50) 
Inflammation, chronic focal 2 (4%) 

(50)#Salivary gland (50) (11) (9) 

Inflammation, acute focal 1 (2%) 


1 (2%)Inflammation, chronic focal 1 (2%) 
2 (4%)Basophilic cyto change 
6 (12%)Atrophy, focal 2 (4%) 
1 (2%)Hyperplasia, focal 1 (2%) 

#Liver (50) (50) (49) (50) 
Abnormal curvature 4 (8%) 6 (12%) 2 (4%) 1 (2%) 
Congestion, NOS 3 (6%) 4 (8%) 4 (8%) 2 (4%) 

1 (2%)Hemorrhage 1 (2%) 

Hemorrhagic cyst 1 (2%) 1 (2%) 1 (2%) 

Inflammation, acute focal 1 (2%) 

Inflammation, chronic focal 27 (54%) 15 (30%) 14 (29%) 20 (40%) 

Fibrosis 1 (2%) 

Peliosis hepatis 2 (4%) 1 (2%) 1 (2%) 

Necrosis, focal 7 (14%) 3 (6%) 2 (4%) 2 (4%) 

Infarct, NOS 1 (2%) 


1 (2%)Pigmentation, NOS 1 (2%) 1 (2%) 
#Liver/hepatocytes (50) (50) (49) (50) 

Degeneration, NOS 1 (2%) 2 (4%) 
10 (20%) Cytoplasmic vacuolization 15 (30%) 9 (18%) 10 (20%) 
32 (64%)Basophilic cyto change 36 (72%) 34 (68%) 36 (73%) 


Eosinophilic cyto change 1 (2%) 1 (2%) 

Clear cell change 6 (12%) 4 (8%) 1 (2%) 1 (2%) 


(50)#Bile duct (50) (50) (49) 
Hyperplasia, focal 25 (50%) 8 (16%) 15 (31%) 20 (40%) 

#Pancreas (50) (50) (49) (49) 
1 (2%)Hemorrhage 2 (4%) 

1 (2%) 6 (12%)Inflammation, chronic focal 8 (16%) 3 (6%) 
Pigmentation, NOS 1 (2%) 

#Pancreatic acinus (50) (50) (49) (49) 
3 (6%)Basophilic cyto change 


Eosinophilic cyto change 1 (2%) 

Atrophy, focal 19 (38%) 21 (42%) 19 (39%) 24 (49%) 

Atrophy, diffuse 1 (2%) 


1 (2%)Hyperplasia, focal 
#Esophagus (50) (49) (49) (50) 

Hemorrhage 1 (2%) 
Inflammation, suppurative 1 (2%) 

1 (2%)Inflammation, chronic 
#Glandular stomach (50) (20) (14) (49) 

1 (2%)Ulcer, NOS 1 (2%) 1 (7%) 

Inflammation, acute focal 1 (5%) 


1 (7%)Inflammation, chronic focal 

Necrosis, focal 1 (5%) 2 (4%) 

Atrophy, focal 3 (6%) 1 (7%) 2 (4%) 


#Forestomach (50) (20) (14) (49) 
Edema, NOS 3 (15%) 2 (4%) 

1 (2%)Hemorrhage 1 (5%) 
2 (10%) 2 (14%) 3 (6%)Ulcer, NOS 1 (2%) 


Inflammation, acute focal 5 (25%) 1 (2%) 

Inflammation, chronic focal 2 (4%) 1 (5%) 5 (36%) 2 (4%) 


1 (2%)Erosion 7 (14%)Hyperplasia, epithelial 4 (8%) 3 (15%) 6 (43%) 
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TABLE B5. SUMMARY O F  THE INCIDENCE O F  NONNEOPLASTIC LESIONS IN FEMALE RATS IN THE 
TWO-YEAR FEED STUDY OF HYDROCHLOROTHIAZIDE (Continued) 

Untreated Control Low Dose Mid Dose High Dose 

DIGESTIVE SYSTEM (Continued) 
#Small intestine (50)

Congestion, NOS 1 (2%)
#Duodenal mucosa (50)

Hemorrhage
#Colon (50)

Edema, NOS 1 (2%) 
Hemorrhage 1 (2%) 
Inflammation, acute focal 1 (2%)
Parasitism 2 (4%) 2 (4%)

#Cecum (50) (15) (12) (48) 

Edema, NOS 1 (2%)

Congestion, NOS 1 (2%)

Inflammation, acute focal 1 (2%)

Inflammation, chronic focal 1 (7%) 


*Rectum (50) (50) (49) (50)
Dilatation, NOS 1 (2%) 

URINARY SYSTEM 
#Kidney (50) (50) (49) (50)

Mineralization 10 (20%) 34 (68%) 33 (67%) 35 (70%)
Cyst, NOS 3 (6%) 4 (8%) 3 (6%)
Congestion, NOS 1 (2%)
Hemorrhage 1 (2%)
Nephropathy 47 (94%) 42 (84%) 44 (90%) 47 (94%)
Infarct, NOS 2 (4%)
Pigmentation, NOS 4 (8%) 4 (8%) 8 (16%) 6 (12%)

#Kidney/tubule (50) (50) (49) (50)
Degeneration, NOS 1 (2%) 
Necrosis, focal 2 (4%) 1 (2%)

#Kidne y/pelvis (50) (50) (49) (50)
Dilatation, NOS 1 (2%) 1 (2%)
Hyperplasia, epithelial 4 (8%) 2 (4%) 3 (6%)

#Urinary bladder/mucosa (50) (14) (11) (49)

Hyperplasia, epithelial 1 (2%)


#Urinary bladder/submucosa (50) (14) (11) (49)
Inflammation, acute focal 1 (9%)
Inflammation, chronic focal 1 (2%) 2 (4%) 

#Urinary bladder/muscularis (50) (14) (11) (49)

Mineralization 1 (7%) 


ENDOCRINE SYSTEM 
#Pituitary intermedia (50) (50) (48) (49)

Cyst, NOS 4 (8%) 2 (4%) 4 (8%)
Hyperplasia, focal 1 (2%) 
Angiectasis 2 (4%)

#Anterior pituitary (50) (50) (48) (49) 
Cyst, NOS 12 (24%) 21 (42%) 18 (38%) 14 (29%) 
Congestion,NOS 1 (2%) 1 (2%) 2 (4%) 
Pigmentation, NOS 1 (2%)
Atrophy, focal 1 (2%) 
Hyperplasia, focal 20 (40%) 21 (42%) 18 (38%) 20 (41%)
Angiectasis 1 (2%) 1 (2%) 1 (2%) 

#Pituitary posterior (50) (50) (48) (49)

Cyst, NOS 1 (2%)

G1iosis 1 (2%)


#AdrenaYcapsule (50) (49) (49) (50)
Hyperplasia, focal 1 (2%) 
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TABLE B5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN THE 
TWO-YEAR FEED STUDY OF HYDROCHLOROTHIAZIDE (Continued) 

--
Untreated Control Low Dose Mid Dose High Dose 

I 

ENDOCRINE SYSTEM (Continued)
#Adrenal cortex (50) (49) (49) (50) 

Cyst, NOS 
Congestion, NOS 
Hemorrhage
Fibrosis, focal 
Degeneration, NOS 
Necrosis, focal 
Cytoplasmic vacuolization 
Hypertrophy, focal 
Hyperplasia, focal 
Angiectasis

#Adrenal medulla 

3 (6%) 
1 (2%) 
1 (2%) 
1 (2%) 

7 (14%) 
3 (6%) 

22 (44%)
13 (26%) 

(50) 

7 (14%) 

4 ( 8 % )  
2 (4%)

12 (24%) 
1 (2%) 

(49) 

1 (2%) 
4 (8%) 
2 (4%) 

4 (8%) 
1 (2%)

16 (33%) 
4 (8%) 

(49) 

4 (8%) 

1 (2%) 
1 (2%) 
2 (4%)

13 (26%)
4 (8%) 

(50) 
Cyst, NOS 
Inflammation, chronic focal 
Atrophy, NOS 
Hyperplasia, NOS 2 (4%) 

1 (2%) 

12 (24%) 

1 (2%) 
1 (2%) 
5 (10%) 

Cyst,NOS
Follicular cyst, NOS 
Inflammation, chronic focal 
Hyperplasia, C-cell 

Hyperplasia, NOS 

#Thyroid 

#Parathyroid 

2 (4%) 

22 (44%) 

(50) 

(50) 

1 (2%) 

12 (26%) 

(6%)(48) 

22 (46%) 
(47) 

11 (22%) 

(49) 

21 (43%) 
(49) 

1 (2%) 

10 (20%) 

(50) 
1 (2%) 

16 (32%) 
(49) 

Hyperplasia, focal 
#Pancreatic islets 

1 (2%) 
(50) (50) (49) (49) 

~~~ ~~ ~ 

REPRODUCTIVE SYSTEM 
*Mammary gland 

Galactocele 
Inflammation, suppurative 

(50) 
1 (2%) 

(50) (49) 
1 (2%) 
1 (2%) 

(50) 

Lactation
Hyperplasia, cystic 

*Clitoral gland 
5 (10%) 

37 (74%) 

(50) 

32 (64%) 

(50) 

34 (69%) 

(49) 
4 (8%) 

33 (66%) 

(50) 

Inflammation, suppurative 
Cyst, NOS 

Inflammation, chronic focal 
Atrophy, NOS 
Hyperplasia, NOS 

Hydrometra 
#Uterus 

1 (2%) 
3 (6%) 

41 (82%) 
4 (8%) 

11 (22%) 
(50) 

1 (2%) 

5 (10%) 
1 (2%) 

11 (22%) 
(50) 

4 (8%) 
1 (2%) 

11 (22%) 
(49) 

2 (4%) 
3 (6%) 

43 (86%) 
6 (12%) 

6 (12%) 
(50) 

Cyst, NOS 
Inflammation, acute focal 

#Cervix uteri (50) (50) 

1 (2%) 
1 (2%)

(49) 

2 (4%) 

(50) 
Epidermal inclusion cyst 3 (6%) 2 (4%) 
Inflammation, suppurative 

Cyst, NOS 
Hyperplasia, epithelial 

Congestion, NOS 
Hemorrhage 
Inflammation, chronic focal 
Necrosis, focal 

#Uterus/endometriurn 

#Ovary
Cyst, NOS 

1 (2%) 

1 (2%) 

(50) 

(50)
2 (4%) 

1 (2%) 

1 (6%) 
2 (11%) 

1 (6%) 

(50) 

(18)
5 (28%) 

1 (7%) 

(49) 

;15)
4 (27%) 

1 (2%) 

1 (2%) 

2 (4%) 
1 (2%) 

1 (2%) 

(50) 

(50)
6 (12%) 
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TABLE B5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN THE 
TWO-YEAR FEED STUDY OF HYDROCHLOROTHIAZIDE (Continued) 

NERVOUS SYSTEM 
#Brain 

Hydrocephalus, NOS 
Congestion, NOS 
Hemorrhage 
Inflammation, chronic focal 

SPECIAL SENSE ORGANS 
*Eye/anterior chamber 

Inflammation, acute focal 
*Eye/sclera 

Inflammation, chronic focal 
*Eye/cornea

Mineralization 
Inflammation, acute focal 
Inflammation, chronic focal 
Vascularization 

*E ye/retina 

Atrophy, focal 

Atrophy, diffuse 


*Eye/crystalline lens 
Degeneration, NOS 

*Eye/conjunctiva
Inflammation, acute focal 

*Eye/lacrimal gland 
Pigmentation, NOS 

*Nasolacrimal duct 
Hemorrhage 
Inflammation, acute focal 

*Harderian gland 
Inflammation, chronic focal 
Fibrosis 
Pigmentation, NOS 

*Zymbal gland 
Hyperplasia, epithelial 

MUSCULOSKELETAL SYSTEM 
*Bone 

Fibrous osteodystrophy 
Osteosclerosis 

*Skeletal muscle 
Inflammation, chronic focal 

*Muscle of trunk 
Hemorrhage 

BODY CAVITIES 
*Mediastinum 

Hemorrhage
Inflammation, acute focal 

*Abdominal cavity 
Hemorrhage
Inflammation, suppurative 
Inflammation, chronic focal 
Necrosis, fat 

*Mesentery

Hemorrhage 


Untreated Control Low Dose Mid Dose High Dose 

(50)
4 (8%) 

(14) (11)
2 (18%) 

(50)
2 (4%) 

1 (7%) 1 (9%) 
2 (4%) 
5 (10%) 
1 (2%) 

(49) 150)
1 (2%) 

(49) (50) 
1 (2%) 

(49) 
1 (2%) 

(50) 

2 (4%) 
1 (2%) 

(49) 

1 (2%) 

1 (2%) 

3 (6%) 
1 (2%) 

(50) 

1 (2%) 
(49) (50) 

(49) 

(49) 

(49) 

(50) 

(50) 

(50) 

1 (2%) 

1 (2%) 

1 (2%) 
9 (18%) 

(49) 
11 (22%) 

4 (8%) 
(50) 

2 (4%) 
(49) (50) 

1 (2%) 

(50) (50)
2 (4%) 

(49)
3 (6%) 

(50) 
1 (2%) 

(50) 
1 (2%) 

1 (2%)
13 (26%) 

(50) 

1 (2%)
(50) 

2 (4%) 
(50) 

(49) 

8 (16%) 

1 (2%) 

(49) 

(50) 

1 (2%) 
10 (20%) 

(50)
1 (2%) 
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TABLE B5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN THE 
TWO-YEAR FEED STUDY OF HYDROCHLOROTHIAZIDE (Continued) 

Untreated Control Low Dose Mid Dose High Dose 

ALL OTHER SYSTEMS 
*Multiple organs 

Mineralization 
(50) (50) 

6 (12%) 
(49) 

6 (12%) 
(50)

5 (10%) 
Tail 

Abnormal curvature 1 

SPECIAL MORPHOLOGY SUMMARY 
Autolysidno necropsy 1 

* Number of animals receiving complete necropsy examinations; all gross lesions including masses examined microscopically. 
# Number of animals examined microscopically a t  this site 
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TABLE C l .  SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE MICE IN THE TWO-YEAR FEED 
STUDY OF HYDROCHLOROTHIAZIDE 

Untreated Control Low Dose High Dose 

Animals initially in study 
Animals missing 
Animals necropsied 
Aiiwmals examined histopathologically 

50 

50 
49 

50 
1 

49 
49 

50 

50 
50 

INTEGUMENTARY SYSTEM 
*Subcutaneous tissue 

Sarcoma, NOS 
Fibroma 
Fibrosarcoma 

(50) 
1 (2%) 

2 (4%) 

(49)
3 (6%) 

1 (2%) 

(50) 
1 (2%) 
2 (4%) 
1 (2%) 

RESPIRATORY SYSTEM 
#Nasal cavity 

#Lung 
Carcinoma, NOS, metastatic 

Carcinoma, NOS, metastatic 
Hepatocellular carcinoma, metastatic 
Alveolar/bronchiolar adenoma 
Alveolar/bronchiolar carcinoma 
Sarcoma, NOS, metastatic 

(48) 

(49) 

7 (14%) 
2 (4%) 
1 (2%) 

2 (4%) 

(2 )  

(20) 
1 (5%) 

2 (10%) 
2 (10%) 

(50) 

(50) 
1 (2%) 

1 (2%) 

2 (4%) 

2 (4%) 
8 (16%) 

HEMATOPOIETIC SYSTEM 
*Multiple organs 

Malignant lymphoma, lymphocytic type 
Malignant lymphoma, histiocytic type 
Malignant lymphoma, mixed type 
Mast cell tumor 

Sarcoma, NOS, metastatic 

Malignant lymphoma, mixed type 

Malignant lymphoma, mixed type 

#Bone marrow 

#Spleen 

#Mesenteric lymph node 

(50) 
1 (2%) 
1 (2%) 
4 (8%) 
1 (2%) 

1 (2%) 

1 (2%) 

(48) 

(48) 

(47) 

(49) 
1 (2%) 

1 (2%) 

(48) 

(49) 

(19) 

(50) 

6 (12%) 
3 (6%) 

(50) 

(50) 

(49) 
1 (2%) 

C,IRCULATORY SYSTEM 
#Spleen 

#Heart 

#Liver 

Hemangiosarcoma 

Sarcoma, NOS, metastatic 

Hemangiosarcoma 

(48) 

(49) 

(48) 

1 (2%) 

1 (2%) 

1 (2%) 

(49) 

(6) 

(49) 

DIGESTIVE SYSTEM 
#Liver 

Hepatocellular adenoma 
Hepatocellular carcinoma 
Mixed hepatokholangio carcinoma 

Adenomatous polyp, NOS 

Squamous cell papilloma 

Adenomatous polyp, NOS 

#Glandular stomach 

#Forestomach 

#Duodenum 

(48) 
3 (6%) 
4 (8%) 

(48) 

(48) 

(48) 

1 (2%) 

1 (2%) 

2 (4%) 

(49) 
8 (16%) 
4 (8%) 

(6) 

(6) 

(7 )  

(50) 
14 (28%) 
9 (18%) 
1 (2%) 

(50) 

(50) 

(50) 
1 (2%) 

URINARY SYSTEM 
None 
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TABLE Cl .  SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE MICE IN THE TWO-YEAR FEED 
STUDY OF HYDROCHLOROTHIAZIDE (Continued) 

Untreated Control Low Dose High Dose 

ENDOCRINE SYSTEM 
#Anterior pituitary 

Adenoma, NOS 
#Adrenal medulla 

Pheochromocytoma
#Thyroid

Follicular cell adenoma 

REPRODUCTIVE SYSTEM 

Sarcoma, NOS 

Interstitial cell tumor 

*Seminal vesicle 

#Testis 

(50) 

(48) 
1 (2%) 

1 (2%) 

(49) 

(49) 

(50) 

(50) 

NERVOUS SYSTEM 
None 

SPECIAL SENSE ORGANS 
*Harderian gland 

Carcinoma, NOS 
Adenoma, NOS 

(50) 

1 (2%) 

(49)
1 (2%)
1 (2%) 

(50) 
1 (2%) 
1 (2%) 

MUSCULOSKELETAL SYSTEM 
*Rib 

*Muscleof upper extremity 
Sarcoma, NOS, metastatic 

Sarcoma, NOS 

(50) 

(50) 
1 (2%) 

1 (2%) 

(49) 

(49) 

(50) 

(50) 

BODY CAVITIES 
*Mediastinum 

*Abdominal cavity 
Sarcoma, NOS, metastatic 

Sarcoma, NOS,metastatic 

ALL OTHER SYSTEMS 
*Multiple organs 

Mixed hepato/cholangiocarcinoma, metastatic 
(50) (49) (50) 

1 (2%) 

ANIMAL DISPOSITION SUMMARY 
Animals initially in study 

Natural death 
Moribund sacrifice 
Terminal sacrifice 
Animal missing 

50 
5 
2 

43 

50 
4 
3 

42 
1 

50 
2 
5 
43 
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TABLE Cl .  SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE MICE IN THE TWO-YEAR FEED 
STUDY OF HYDROCHLOROTHIAZIDE (Continued) 

Untreated Control Low Dose High Dose 

TUMOR SUMMARY 
Total animals with primary tumors** 

Total animals with benign tumors 

Total animals with malignant tumors 

Total animals with secondary tumors## 

Total animals with tumors- 

Total primary tumors 

Total benign tumors 

Total malignant tumors 

Total secondary tumors 

30 
44 
18 
23 
19 
20 

3 
7 

20 
25 
12 
12 
12 
13 

1 
1 

34 
55 
22 
29 
19 
26 

5 
6 

Total uncertain tumors 
uncertain benign or malignant I 

1 

.-

'" Number of animals receiving complete necropsy examination; all gross lesions including masses examined microscopically. 
*'I Primary tumors: all tumors except secondary tumors 
# Number of animals examined microscopically at this site 
# # Secondary tumors: metastatic tumors or tumors invasive into an  adjacent organ 
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TABLE C2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE TWO-YEAR FEED 
STUDY OF HYDROCHLOROTHIAZIDE: UNTREATED CONTROL 

ANIMAL 	 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
NUMBER 	 0 3 4 4 0 3 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 2 2  

3 1 2 5 4 8 2 1 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1  

WEEKS ON 	 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
STUDY 	 4 4 4 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

1 6 8 3 0 2 4 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6  

Subcutaneous tissue 	 + N + + + + + + + + + + + + + + + + + + + + + + +  
Sarcoma, NOS X 

Fibrosarcoma X 


Lungs and bronchi . . . . . . . . . . . . . . . . . . . . . . . . . 
Hepatocellular camnoma metastatic X X 
Alveolar/bronchiolar aderioma X X X X 
Alveolar/bronchiolar carcinoma x x 
Sarcoma, NOS,metastatic X 

Trachea 	 . . . . . . . . . . . . . . . . . . . . . . . . . 

Nasal cavity 	 + A + A + + + + + + + + + + + + + + + + + + + + + 

Bone marrow + A + A + + + + + + + + + + + + + + + + + + + + + 

Sarcoma, NOS,metastatic X 


Spleen + A + A + + + + + + + + + + + + + + + + + + + + + 

Hemangiosarcoma X 

Malignant lymphoma, mixed type X 


L mphnodes 	 . . . . . . . . . . . . . . . . . . . . . . . . . 

Tgymus 	 + A + A - + - + - - + - + + + - - + - - + + + + + 

Heart . . . . . . . . . . . . . . . . . . . . . . . . . 
Sarcoma, NOS,metastatic X 

Salivary gland 	 + A + + + + + + + + + + + + + t + + + + + + + + + 
Liver + A + A + + + + + + + + + + + + + + + + + + + + + 

€iepatocellular adenoma x x  
Hepatocellular carcinoma X X X 
Hemangiosarcoma X 

Bile duct + A + A + + + + + + + + + + + + + + + + + + + + + 
Gallbladder & common bile duct + N + N + + + + + + + + + + + + + + + + + + + + +  
Pancreas 	 + A + A + + + + + + + + + + + + t + + + + + + + + 

+ A + + + + + + + + + + + + + t + + + + + t + + +
::::%Y + A + A + + + + + + + + + + + + + + + + + + + + + 

uamous cell papilloma X 


L a o m a t o w  polyp. NOS 

Small intestine + A + A + + + + + + + + + + + + + + + t + t + + + 


Adenomatous polyp, NOS X 

Large intestine + A + A + + + + + + + + + + + + + + + + t + + + + 


Kidney . . . . . . . . . . . . . . . . . . . . . . . . . 
Urinary bladder + A + A + + + + + + + + + + + + + + + + + + + + + 

Pit.uitary . . . . . . . . . . . . . . . . . . . . . . . . . 
Adenoma, NOS 

Adrenal + A + A + + + + + + + + + + + + + + + + + + + + + 

Pheochromocytoma


Thyroid + A + A + + + + + + + + + + + + + + + + + + + + + 

Follicular cell adenoma X 


Parathyroid 	 + A + A - + - - - - + + + + + + + + + + + + - + -

Mammary gland 	 N N N N N N N N N N N N N N N N N N N N N N N N N  
Testis 	 + A + A + + + + + + + + + + + + + + + + + + + + + 

Interstitial cell tumor 
Prostate + A + A + + + + + + + + + + + + + + + + + + + + + 
Seminal vesicle + N N N N + N N N N N N N N N N + + N N N + N N N  

Sarcoma, NOS 

Brnin 	 + A + A + + + + + + + + + + + + + + + + + + t + + 

ANS 

Hardenan gland 	 N N N N N N N N N N N N N N N N N N N N N N ~ N N  

Adenoma, NOS 

Bone N N N N N N N N N N N N N N N N N N N N N N N N N  
Sarcoma, NOS.metastatic X 

Muscle 	 N N N N N N N N N N N N N N N N N N N N N N ~ N N  
Sarcoma, NOS 	 X 

B(J6vcAvrmCs
Mediastinum N N N N N N N N N N N N N N N N N N N N N N N N N  

Sarcoma, NOS,metastatic X 

Kl;-

Multiple organs, NOS N N N N N N N N N N N N N N N N N N N N N N N N N  

Malignant lymphoma, lymphocytic type X 
Malignant lymphoma, histiocytic type X 
Malignant lymphoma, mixed type 	 X x x  
Mast cell tumor 
-
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TABLE C2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE TWO-YEAR FEED 
STUDY OF HYDROCHLOROTHIAZIDE: UNTREATED CONTROL (Continued) 

ANIMAL 

NUMBER 

WEEKS ON 
STUDY 


Ii?-

Subcutaneous tissue 


Sarcoma, NOS 

Fibrosarcoma 


m 
Uepatocellular carcinoma, metastatic 
Alveolarhronchiolar adenoma 
Alveolarhronchiolar carcinoma 
Starcoma. NOS, metastatic 

Trachea 

Nasal cavity 


Bane marrow 

Sarcoma, NOS, metastatic 


Spleen
Hernangrosamma
!&alignant lymphoma, mixed type 

L. mphnodes

Ttiymus 


Cl-M 
Heart 

Sarcoma. NOS, metastatic 

Salivary gland 
L1ver 

Hepatocellular adenoma 

IHepatocellular earnnoma 

liemanaosarcoma 


Bile duct 
(hllbladder& common bile duct 
Pancreas

:;::2rs
lj uamous cell papilloma 

A n o m a t o u s  polyp.NOS 


Small intestine 

4denomatous polyp, NOS 


Large intestine 


Lnnary  bladder 

Prtuitary

Adenoma, NOS 


Adrenal 

Pheochromocytoma


rhyroid

Follicular cell adenoma 


Parathyroid 


R 

h l p 
T B S ~ I S  

Interstitial cell tumor 

Prostate 

Seminal vesicle 


Sarcoma. NOS 

Brain 

GANS 

Hardenan gland 


Adenoma, NOS 


Bone 

Sarcoma. NOS, metastatic 


Muscle 

Sarcoma, NOS 


3 m E S 
Mediastinum 


Sarcoma, NOS. metastatic 


h-S 
Multiple organs. NOS 

Malignant lymphoma, lymphocytic type 
Malignant lymphoma, histiocytic type 
Malignant lymphoma, mlxed type 
Mast cell tumor 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
2 2 2 2 2 2 2 2 3 3 3 3 3 3 3 3 4 4 4 4 4 4 4 4 5 
2 3 4 5 6 7 8 9 0 2 3 4 5 6 7 9 0 1 3 4 6 7 8 9 0 

TUTAL: 
1 1  1 1  1 1  1 1  1 1  1 1  1 1  1  1  1 1  1 1  1 1  1 1  1 TISSUES 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 TUMOR5 
6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6  

. . . . . . . . . . . . . . . . . . . . . . . . .  'SO 

1 

X 2 

. . . . . . . . . . . . . . . . . . . . . . . . .  49 
X 1 2

X X 
 ' F 

. . . . . . . . . . . . . . . . . . . . . . . . .  49 

. . . . . . . . . . . . . . . . . . . . . . . . .  48 


+ + + t + + + + + + + + + + + t + + + + + + + + t  48 
1 

. . . . . . . . . . . . . . . . . . . . . . . . .  48 

1 
1+ + + + +  + + +  + * + + + + + + t + + +  + + + + +  47 

+ + + - t - + t + s - t - + - + + + + + + + t + -33 

. . . . . . . . . . . . . . . . . . . . . . . . .  49 

1 1 

. . . . . . . . . . . . . . . . . . . . . . . . .  49
+ + + + + + + + + + + + + + + + + + + + + + + + +  48 
X 3 

X 4 
1 


. . . . . . . . . . . . . . . . . . . . . . . . .  48 


. . . . . . . . . . . . . . . . . . . . . . . . . *so 


. . . . . . . . . . . . . . . . . . . . . . . . .  48 


. . . . . . . . . . . . . . . . . . . . . . . . .  49 
. . . . . . . . . . . . . . . . . . . . . . . . .  48 

1 


X 1 
. . . . . . . . . . . . . . . . . . . . . . . . .  48 

X 


. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . . 48 
X 1 . . . . . . . . . . . . . . . . . . . . . . . . .  48 
x x  X 3 . . . . . . . . . . . . . . . . . . . . . . . . .  48 


X X 3+ + + - + + + + + + + - - - - - - - + + - - - + + 30 

N N N N N N N N N + N N N N N N N N N N N N N N N  *50 . . . . . . . . . . . . . . . . . . . . . . . . .  48 

X 1
+ + + + + + + + + + + + + + + + + + + + + + + + +  48 

N N N N N N N N N N + + + + + + + + N + N N N N N  '50 
X 1 


. . . . . . . . . . . . . . . . . . . . . . . . .  48 


N N N N N N N N N N N N N N N N N N N N N N N N N  '50 
X 1 


N N N N N N N N N N N N N N N N N N N N N N N N N  '50 
1 

N N N N N N N N N N N N N N N N N N N N N N N N N  '50 
1 


N N N N N N N N N N N N N N N N N N N N N N N N N  '50 
1 

N N N N N N N N N N N N N N N N N N N N N N N N N  $50 

I t  

X 
X 
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TABLE C2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE TWO-YEAR FEED 

ANIMAL
NUMBER 


Subcutaneous tissue 

Sarcoma,NOS 
Fibrosarcoma 


Lungs and bronchi 
Carcinoma.NOS, metastatic 
Alveolaribronchiolar adenoma 

Alveolarbronchiolar carcinoma 


Trachea 

Nasal cavity 


Bone marrow 

Spleen

L mphnodes

Tiymus 


Heart 


Salivary gland 

Liver 
Hepatocellular adenoma 

Hepatocellular cnrnnoma 

Bile duct 
Gallbladder& common bile duct 
Pancreas
:;:::rs

Small intestine 

Large intestine 


Kidney

Unnary bladder 


Pituitary

Ad re na I 

Pheochromocytoma


Thyroid

Parathyroid 


Mammary gland 

Ta.t7.-
Prostate 


Brain 


S 
Hardenan gland 

Carcinoma,NOS 
Adenoma. NOS 

ALL -8 
Multiple organs, NOS 
Malignant lymphoma, lymphocytic type 

Malignant lymphoma, mixed type 

-

STUDY OF HYDROCHLOROTHIAZIDE: LOW DOSE 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
3 0 4 3 2 0 4 4 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 
2 4 4 0 8 5 8 7 1 2 3 6 7 8 9 0 1 2 3 4 5 6 1 8 9 

0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
6 6 7 1 7 8 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
3 7 0 6 9 6 7 4 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 

~~~ 

M + + + + t + N N N N N N N N N N N N N N N N N N 

X X 

X 

M + + + + + - + + + + t + t + t + + t + t + + + +
M +  + + + + + t +  + t + t t +  + + . + t + t +  + t +  
M + + + + + + + + - + + - + - + - - - - - - -t - 

M + - t - + + - - - - - - - - - - - - - - - - - - 


M + t + + + + - - - - - - - - - - - - - - - - - - 


~~ 

M + N N N N N N N N N N N N N N N N N N N N N N N  

M + t + + + + t + + + + + + t t t + + + + + + + t 
M + + + + + + - - - - - - - - - - - - - - - - - - 


M N N N N N N N N N N N N N N N N N N N N N N N N  

X 


X 


M N N N N N N N N N N N N N N N N N N N N N N N N  

X 


X 
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TABLE C2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE TWO-YEAR FEED 
STUDY OF HYDROCHLOROTHIAZIDE: LOW DOSE (Continued) 

5-

A N I M A L  
NUMBER 

Subcutaneous tissue 

Sarcoma, NOS 

Fibrosarcoma 

Carcinoma NOS metastatic 
Alveolar/b;onch~olar adenoma 
.Alveolar/bronchiolar carcinoma 

Trachea 

Nasal cavity 


rn-
Bone marrow 
Spleen
Lymph nodes 
Tngmus 

M 

He.srt 

Salivary gland 
Liver 


Hepatocellular adenoma 

Hepatocellular carcinoma 


B& duct 
Gallbladder & common bile duct 
Pancreas2:h,",rs
Small intestine 

Large intestine 


UR-

Kidnev 
Ur nary bladder 

Pituitary

Adrenal 


Pheochromocytoma

Thyroid

Papathyroid 


KG-

Mammary gland 
Te ,tis 
Prostate 

Bra in  

--CANS 

Hardenan gland 


Carcinoma. NOS 

Adenoma, NOS 


AI-

Multiple organ;. NOS -

Xalignant lymphoma lymphocytic type 
Xahgnant lymphoma: mixed type 

a 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
2 2 2 2 2 2 2 2 2 3 3 3 3 3 3 3 3 4 4 4 4 4 4 4 5  

0 1 2 3 4 5 6 7 9 1 3 4 5 6 7 8 9 0 1 2 3 5 6 9 0  


1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

5 5 5 5 5 5 9 5 5 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 8  


N N N N N N N N N N N N N N + N N N N + N N N N N  '49 

X 	 3 

1 

20 

1 

2 

2 

6 

2 


. . . . . . . . . . . . . . . . . . . . . . . . .  48 


. . . . . . . . . . . . . . . . . . . . . . . . .  49 

- - + + - _ - _ - - - - + _ - _ + _ + - - - - + - 19 
_ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ - - - - - - -  4 

6 


49 

49 


6 
4 

49 

'49 


I 
6 

6 

I 
6 

+ + + + + + + + + + + + + + + + + + + + + + + + +  . . . . . . . . . . . . . . . . . . . .  + - -  - +  


'49 

49 

6 


6 

N N N N N N N N N N N N N N N N N N N N N N N N N '49 
1 
1 

N N N N N N N N N N N N N N N N N N N N N N N N N *49 
1 
1 
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TABLE C2. 

-
INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE TWO-YEAR FEED 

STUDY OF HYDROCHLOROTHIAZIDE: HIGH DOSE 
ANIMAL 
NUMBER 

Subcutaneous tissue 
Sarcoma, NOS 

Fibroma 

Fibrosarcoma 


Lungs and bronchi 

Carnnoma, NOS,metastatic 

Hepatocellular carcinoma metastatic 

Alveolarhronchiolar adeioma 

Alveolarhronchiolar carcinoma 


Trachea 

Nasal cavlty


Carnnoma, NOS,metastatic 


BoneBone marrowmarrow 

SpleenSpleen

LymLym hnodeshnodes 


MayignantMayignant lymphoma,lymphoma, miredmired typetype

ThymusThymus 


Salivary gland
Liver 


Hepatocellular adenoma 

Hepatocellular carcinoma 

Mired hepato/cholannocarcinoma

Hemannosarcoma 


Bile duct 

Gallbladder & common bile duct 

Pancreas
k%:r 

Squamous cell papilloma

Small intestine 

Large intestine 


Kidney

Urinary bladder 


Pituitary

Adenoma, NOS 


Ad renal 

Pheochromocytoma


Thyroid

Pa-athyroid 


RE-M 
Mammary gland
Te';tis
Prostate 

M 

Brziin 

m-
Hardenan gland


Carcinoma, NOS 

Adenoma, NOS 


B u m 
Pentoneum 


Sarcoma. NOS,metastatic 


z-
Multiple organs, NOS 

Mixed hepatoicholannocarcinoma, metastatic 
Malignant lymphoma, histiocytic type
Malignant lymphoma, mixed type 

+: Tissue examined microscopically 
-: Required tissue not examined microscopically
X: Tumor incidence 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 1 2 2 3 1 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 2 2 2 
6 1 4 9 3 5 9 1 2 3 4 5 6 7 8 0 2 3 4 7 8 9 0 1 2 

0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
5 7 8 8 9 9 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7 9 1 4 1 2 3 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 

+ + + + + + + + + + + + + t + t t t t + + + t t + 

X 


X 

X 


+ t t + + t + + + + + t + t + + t + t + t t + t + 

X 


x x x  

+ + + + + + + t t + + + t + + t t + t t + t t + t  

+ + + t + t + + + + t + + + + t t t t + t + + + +  


X 


+ + + t + + + + t t + + t t t + + t t t t t t + +  

t + + + + + + t + t + t + t + + t + + t t t t t +  

+ + + t + + t t + t + t t t t + + t + t t t t t t 


X 

- - + + - + - - + - - - + t - - + - t + - t - + +  


+ + t + + t + t t t t + + + + t t + t t + + + t t  


+ t + + + - + t t t t t + + + + + + t + t t + t +  

t + t + t t + + + + t t + t + t + t t t t t t + t  x x X x x  X X 
x x x  x x 


X 

X 


+ t t + + + t + + t + + + t + t + t + + t + t t t  

t N + + + + N t + + t t t t t + + + + + N + t t t  

+ + + t t + + + t + + + t t t t t t t t t + t t t 

+ t t + + t t t t t t t t t t t t t + + t + t t +  

+ + + t t + + + + + t + t + + + t + t t + + + + t  


X 

+ + + + + + + + + + + + t + + + t t + + t t t t + 

t + t + t + + + + + + t + + + t t t t t t + t t t  


+ + t + + + t + t t + + + t t + + t t t t t + t t 

+ + + + + + + + t + + + + + + + + + t + + t t t t 


+ + t + t t t + + t + t t t + + + t t + t t + t t 


+ t t + t + + t t + + + t t + + + t t + + + t t + 

X 


+ + t t t t + + + + t + t t + + + t t t t + + t t 

t t + t t - + - - + t + t + t + t - - + + - - + - 


N N N t N N N c N N N N N N N N N N N N N N N N N 
+ t t t t + t t + + t t t t t t + t t + t t t t t 

t + + - t + + t + + t + + t + t + t + t t t + t + 


+ + + + t + + + t + + + + + + + + t + + t + + + + 


N N N N N N N N N N N N N N N N N N N N N N N N N  
X 


N N N N N N N N N N N N N N N N N N N N N N N N N
X 


N N N N N N N N N N N N N N N N N N N N N N N N N 
X 


X X 

X 


' No tissue information submitted 
CI Necropsy, no histology due to protocol
A: Autolysis

N: Necropsy, no autolysis, no microscopic examination M: Animal missing
S: Animal missexed B: No necropsy performed
* Animals necropsied 
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TABLE C2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE TWO-YEAR FEED 
STUDY OF HYDROCHLOROTHIAZIDE: HIGH DOSE (Continued) 

-
ANIMAL
NUMBER 


WEEKS ON 
STUDY 

Subcutaneous tissue 
Sarcoma. NOS 

Fibroma 

Fibrosarcoma 


Lungs and bronchi 

Carcinoma, NOS, metastatic 

Hepatocellular carcinoma metastatic 

Alveolar/bronchiolar adeioma 

Alveolar/bronchiolar carcinoma 


Trachea 

Nasal cavity 


Carcinoma, NOS,metastatic 


Bone marrow 

Spleen

Lym hnodes 


Mayignant lymphoma, mixed type 

Thymus 


Heart 

M 

Salivary gland 

Liver 


Hepatocellular adenoma 

Hepatocellular carcinoma 

Mixed hepatoicholanaocarcinoma

Hemansosarcoma 


Bile duct 
Gallbladder & common bile duct 
Pancreas 

EkY 
Squamous cell papilloma 

Small intestine 
Large intestine 

Kidney
Unnary bladder 

Pituitary
Adenoma, NOS 

Adrenal 
Pheochromocytoma

Thyroid
Parathyroid 

M 
Brain 

GANS 

Harderian gland 

Carcinoma. NOS 
Adenoma, NOS 

Peritoneum 
Sarcoma,NOS,metastatic 

S 
Multiple organs, NOS 

Mixed hepato/cholanpocarcinomameta. 
Malignant lymphoma, histiocytic type 
Malignant lymphoma, mixed type 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
2 2 2 2 2 3 3 3 3 3 3 3 3 3 4 4 4 4 4 4 4 4 4 4 5 
3 5 6 7 8 0 1 2 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 

i i  i i i i i i  i i 1 I I I i I I I i I 1 I I I 
TOTAL: 

1 TISSUE: 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 TUMOR! 
5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 

I l-
. . . . . . . . . . . . . . . . . . . . . . . . . 

X 

1 
/ + + + t + +  + + + + + + + + + + + + + + + + + t + l  50 

1 
X 2I X
 x X X  X X 8 


X X 2 
+ + + + t + + + t + + + + + + + t + + + + + + + +  50 
. . . . . . . . . . . . . . . . . . . . . . . . .  50 

1 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  
 49 
1 

i + + - - + - + + + - + + - + t - - -  + + - - + + +  27 

/ + + + + + + + + + + + + + + + + + + + + + + + + + I 50 

l + t + t + + + + + t + + + + t + + + + + + + + + + / 4 9 
+ + + + + + t + t + + + + + + + + t + + t + + t +  50 x x  x x  X X  x 14 

X X X 9 
1i X 
 1 

+ + + + t + t + + t t + + + + + + + + t + t + + +  5; 
~ + + + + + + + t + + t t t + + + + + + + + t + +  *50 
+ + t + + t + t + t + + + + + + + t + + + + + + t  50 
+ t + + t + + t + t t + + t + + + + + + + + + + t  50 
+ + t t t + + t + + + t t t t + + + + + t + + + t  50 

1 
+ + + + t t + + t + t + + + + + + + + + + + t + +  50 
+ + + + t t + + t + t t t + + + + + + + + + + + +  50 

I I-
+ + + + + + + + + + t t t t + + + t + t + t + + +  50 

/ t + + + + t + + t t + + + t + + t + + t t + + + +  50 
I I-
t + + + t + + t + t t + + + + t + t + t t + - + +  49 

X 1 
+ t t + + t + + + t t + t + + + + + t + + + + + +  50 

X 2 
+ + + + t + + + t t ~ + + + + + t + + + t + + + t  50 
+ t + - - + t t t t + + + t - -  + + + t - + - + t  36 

I l-
N N N t N N N N N N N N N N N N N N N N N N N N N  '50 
+ + + t + + + + + + + + + t + + + t + t t + + + +  50 
+ + + + t + + + + + + + + t + + + t + t t + + + +  49 

I l-
. . . . . . . . . . . . . . . . . . . . . . . . . .  I 50
I I-

N N N N N N N N N N N N N N N N N N N N N N N N N  

X 


N N N N N N N N N N N N N N N N N N N N N N N N N  


N N N N N N N N N N N N N N N N N N N N N N N N N  *50 

1 


X 3 

X X X X X 6 
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TABLE C3. ANALYSIS O F  PRIMARY TUMORS IN MALE MICE IN THE TWO-YEAR FEED STUDY OF 
HYDROCHLOROTHIAZIDE 

Subcutaneous Tissue: Fibroma or Fibrosarcoma 
Overall Rates (a) 
Adjusted Rates (b)
Terminal Rates (c)
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Subcutaneous Tissue: Sarcoma or Fibrosarcoma 
Overall Rates (a)
Adjusted Rates (b) 
Terminal Rates (c)
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Control 

2/50 (4%) 
4.7% 
2/43 (5%) 
105 
P=0.400 
P=0.400 
P=0.400 

3/50 (6%) 

6.7% 

2/43 (5%) 

100 

P=0.423N 

P=0.551N 

P= 0.417N 


Subcutaneous Tissue: Fibroma, Sarcoma, or Fibrosarcoma 
Overall Rates (a) 

Adjusted Rates (b) 

Terminal Rates (c) 

Week of First Observation 

Life Table Tests (d) 

Incidental Tumor Tests (d) 

Cochran-Armitage Trend Test (d) 

Fisher Exact Test (d) 


Lung: Alveolar/Bronchiolar Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Test (d) 
Incidental Tumor Test (d) 
Fisher Exact Test (d) 

3/50(6%)
6.7% 
2/43 (5%) 
100 
P=0.421 
P=0.307 
P=0.424 

7/49( 14%)
16.3% 
7/43 (16%) 
105 

Lung: Alveolar/Bronchiolar Adenoma or Carcinoma 
Overall Rates (a)

Adjusted Rates (b)

Terminal Rates (c) 

Week of First Observation 

Life Table Test (d) 

Incidental Tumor Test (d) 

Fisher Exact Test (d) 


Hematopoietic System: Malignant 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

8/49 (16%) 

18.6% 
8/43 (19%) 

105 


Lymphoma, Histiocytic Type 
1/50 (2%) 
2.2% 
0143(0%)
102 
P=0.177 
P=0.100 
P=0.177 

2,500 ppm 

1/49 (2%) 

2.4% 

1/42 (2%) 

105 

P=0.508N 

P=0.508N 


P=0.508N 


4/49 (8%) 

9.3% 

3/42(7%)
104 

P=0.484 
P=0.330 


P=0.489 


4/49 (8%) 

9.3% 

3/42 (7%) 

104 

P=0.484 
P=0.330 


P=0.489 

(e)2/20 (10%) 

(e)4/20(20%) 

0149(0%)
0.0% 
0/42(0%) 

P=0.509N 
P=0.718N 

P=0.505N 


5,000 ppm 

3/50 (6%) 
7.0% 
3/43(7%)
105 
P=0.500 
P=0.500 

P=0.500 

2/50(4%)
4.7% 
2/43 (5%) 
105 
P=0.506N 
P=0.592N 

P=0.500N 

4/50 (8%) 
9.3% 
4/43 (9%) 
105 
P=0.495 
P=0.422 

P=0.500 


8/50 (16%) 
18.6% 
8/43 (19%) 
105 
P=0.500 
P=0.500 
P=0,517 

9/50 (18%) 
20.9% 
9/43 (21%) 
105 
P=0.500 
P=0.500 
P=0.518 

3/50 (6%) 

6.5% 

1/43 (2%) 

81 

P=0.302 
P=0.202 

P=0.309 
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TABLE C3. ANALYSIS O F  PRIMARY TUMORS IN MALE MICE IN THE TWO-YEAR FEED STUDY O F  
HYDROCHLOROTHIAZIDE (Continued) 

Control 

Hematopoietic System: Malignant Lymphoma, Mixed Type 
Overall Rates (a )  

Adjusted Rates (b)  

Terminal Rates (c) 

Week of First Observation 

Life Table Tests (d) 

Incidental Tumor Tests (d) 

Cochran-Armitage Trend Test (d) 

Fisher Exact Test td) 


Hematopoietic System: Lymphoma, 
Overall Rates ( a )  
Adjusted Rates (b)  
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test td) 
Fisher Exact Test td) 

Liver: Hepatocellular Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Liver: Hepatocellular Carcinoma 
Overall Rates (a )  
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test td) 
Fisher Exact Test td) 

5/50(10%)
11.6% 
5/43 (12%) 
105 
P=0.297 
P=0.297 
P =0.298 

All Malignant 

Liver: Hepatocellular Adenoma or Carcinoma 
Overall Rates ( a )  
Adjusted Rates (b )  
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d )  
Incidental Tumor Tests td) 
Cochran-Armitage Trend Test (d )  
Fisher Exact Test (d)  

Adrenal Gland Medulla: Pheochromocytoma 
Overall Rates ( a )  
Adjusted Rates (b)  
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test td) 
Fisher Exact Test (d) 

7/50 (14%) 
15.9% 
6/43 (14%) 
I02 
P=0.230 
P=0.231 
P=0.227 

3/48 (6%) 
7.0% 
3/43 (7%) 
105 
P =0.003 
P =0.008 
P =0.003 

4/48 (8%)
9.1% 
3/43 (7%) 
104 
P =0.082 
P =0.092 
P=0.089 

7/48 ( 15%)
15.9% 
6/43 (14%) 
104 
P=O.OOl 
P=0.004 
P=O.OOl 

3/48 (6%) 
7.0% 
3/43 (7%) 
105 
P =0.400N 
P =0.400N 
P =0.383N 

2,500 ppm 

1/49 (2%) 

2.4% 

1/42 (2%)

105 

P =0.109N 

P=0,109N 


P=0.107N 


2/49 (4%) 

4.6% 

1/42(2%) 

86 

P=0.091N 

P=0.083N 


P=O.O85N 


8/49 (16%) 

18.5% 

7/42 (17%) 

79 

P=0.095 

P=0.148 


P=0.106 


4/49 (8%)

9.5% 

4/42 (10%) 

105 

P =0.630 

P=0.562 


P =  0.631N 


10/49 (20%) 

23.1% 

9/42 (21%) 

79 

P=0.282 

P =0.323 


P =  0.314 


1/49(2%) 

2.4% 

1/42 (2%) 

105 

P =0.314N 

P=0.314N 


P=0.301N 


5,000 ppm 

7/50 (14%) 

16.3% 

7/43 (16%) 

105 

P=0.379 

P =0.379 


P=0.380 


10150 (20%)

22.1% 

8/43 (19%) 

81 

P =0.299 

P=0.262 


P=0.298 


14/50 (28%) 

30.9% 

12/43(28%)

79 

P =0.004 

P =  0.012 


P =0.004 


9/50 (18%) 

19.6% 

6/43 (14%) 

91 
P=0.123 

P=0.161 


P=0.133 


21/50 (42%) 

43.7% 

16/43 (37%) 

79 

P =0.003 

P =0.009 


P=0.002 

2/50 (4%) 
4.7% 
2/43 (5%) 
105 
P =0.500N 
P =0.500N 

P=0.480N 
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TABLE C3. ANALYSIS OF PRIMARY TUMORS IN MALE MICE IN THE TWO-YEAR FEED STUDY O F  
HYDROCHLOROTHIAZIDE (Continued) 

Control 2,500 ppm 5,000 ppm 

Thyroid Gland: Follicular Cell Adenoma 
Overall Rates (a) 3/48 (6%) (e) 016 (0%) 0150 (0%) 
Adjusted Rates (b) 7.0% 0.0% 
Terminal Rates (c) 3/43 (7%) 0143(0%) 
Week of First Observation 105 
Life Table Test (d) P=0.121N 
Incidental Tumor Test (d) P= 0.121N 
Fisher Exact Test (d) P=0.1 14N 

All Sites: Benign Tumors 
Overall Rates (a) 18/50 (36%) 12/49 (24%) 22/50 (44%) 
Adjusted Rates (b) 41.9% 27.8% 48.7% 
Terminal Rates (c) 18/43 (42%) 11/42 (26%) 20143 (47%) 
Week of First Observation 105 79 79 
Life Table Tests (d) P=0.233 P=0.151N P=0.270 
Incidental Tumor Tests (d) P=0.320 P=0.125N P=0.362 
Cochran-Armitage Trend Test (d) P=0.231 
Fisher Exact Test (d) P=0.152N P=0.270 

All Sites: Malignant Tumors 
Overall Rates (a) 19/50 (38%) 12/49 (24%) 19/50 (38%) 
Adjusted Rates (b) 41.3% 26.5% 39.6% 
Terminal Rates (c) 16/43 (37%) 9/42 (21%) 14/43(33%) 
Week of First Observation 100 70 81 
Life Table Tests (d) P=0.536 P=0.125N P=0.569 
lncidental Tumor Tests (d) P=0.502N P=0.114N P=0.529N 
Cochran-Armitage Trend Test (d) P=0.542 
Fisher Exact Test (d) P=0.109N P=0.581 

All Sites: All Tumors 
Overall Rates (a) 30150(60%) 20149 (41%) 34/50(68%) 
Adjusted Rates (b) 65.2% 43.4% 69.4% 
'Terminal Rates (c) 27/43 (63%) 16/42 (38%) 28/43(65%) 
Week of First Observation 100 70 79 
Life Table Tests (d) P= 0.261 P=0.058N P=0.285 
Incidental Tumor Tests (d) P=0.326 P=0.037N P=0.357 
Cochran-Armitage Trend Test (d) P=0.240 
Fisher Exact Test (d) P= 0.044N P=0.266 

(a)Number of tumor-bearing animals/number of animals examined a t  the site 
(b)Kaplan-Meier estimated tumor incidences at  the end of the study after adjusting for intercurrent mortality 
(c)Observed tumor incidence a t  terminal kill 
(d)Beneath the control incidence are the P values associated with the trend test. Beneath the dosed group incidence are the 
Pvalues corresponding to pairwise comparisons between that dosed group and the controls. The life table analysis regards tu- 
mors in animals dying prior to terminal kill as  being (directly or indirectly) the cause of death. The incidental tumor test re- 
gards these lesions as nonfatal. The Cochran-Armitage and Fisher exact tests compare directly the overall incidence rates. 
A negative trend or lower incidence in a dosed group is indicated by (N).
(e)lncomplete sampling of tissue 
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TABLE C4. HISTORICAL INCIDENCE OF HEPATOCELLULAR TUMORS IN MALE B6C3F1 MICE 
RECEIVING NO TREATMENT (a) 

Incidence in Controls 
Adenoma Carcinoma Adenoma or Carcinoma 

No 2-year studies by SRI International are included in the historical data base. 

Overall Historical Incidence 

TOTAL 25912,032 (12.7%) 37912,032 (18.7%) 60912,032 (30.0%) 
SD (b) 7.21% 6.50% 7.59% 

Range (c) 
High (d)22/50 15/50 ( e )29/50 
LOW 0149 4/50 8/50 

(a)Data as  of April 29,1987, for studiesof a t  least 104 weeks 
(b)Standard deviation 
(c) Range and SD are presented for groups of 35 or more animals. 
(d)Second highest: 12/50 
(e)Second highest: 20/50 
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TABLE C5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
TWO-YEAR FEED STUDY OF HYDROCHLOROTHIAZIDE 

Untreated Control Low Dose High Dose 

Animals initially in study 
Animals missing 
Animals necropsied 
Animals examined histopa thologically 

50 

50 
49 

50 
1 
49 
49 

50 

50 
50 

INTEGUMENTARY SYSTEM 
*Skin 

Impaction, fecal 
Ulcer, NOS 
Inflammation, acute focal 
Inflammation, chronic focal 
Fibrosis, focal 
Pigmentation, NOS 
Hyperplasia, epithelial 
Hyperkeratosis 

Cyst, NOS 
Inflammation, suppurative 
Inflammation, chronic focal 

*Subcutaneous tissue 

(50) 

1 (2%) 

1 (2%) 

1 (2%) 
3 (6%) 

(50) 

(49) 

1 (2%) 

1 (2%) 

5 (10%) 
4 (8%) 

(49) 

(50) 
1 (2%) 
2 (4%) 

1 (2%) 
1 (2%) 
1 (2%) 
1 (2%) 

1 (2%) 
2 (4%) 
2 (4%) 

(50) 

RESPIRATORY SYSTEM 
#Nasal cavity 

Foreign body, NOS 
Hemorrhage
Inflammation, acute focal 
Inflammation, chronic focal 

Mineralization 
Congestion, NOS 
Hemorrhage 
Inflammation, interstitial 
Inflammation, acute focal 
Inflammation, chronic focal 
Pigmentation, NOS 
PUveolar macrophages 
Hyperplasia. alveolar epithelium 

#Lung 

(48) 

6 (13%)
1 (2%) 

(49) 

4 (8%) 
3 (6%) 
1 (2%) 

22 (45%) 

4 (8%) 
6 (12%) 

(2) 

(20) 

4 (20%) 
2 (10%) 
1 (5%) 
1 (5%) 

10 (50%) 

1 (5%) 
2 (10%) 

(50) 
1 (2%) 
1 (2%) 
1 (2%) 
1 (2%) 

1 (2%)
2 (4%) 
2 (4%)
2 (4%) 

19 (38%) 
1 (2%) 

7 (14%) 

(50) 

HEMATOPOIETIC SYSTEM 

Hyperplasia, lymphoid 
Hematopoiesis 

Pigmentation, NOS 
Hyperplasia, granulocytic 

Abnormal curvature 
Fibrosis, focal 
Necrosis, focal 
Amyloidosis
Depletion, lymphoid 
Angiectasis
Hyperplasia, lymphoid 
Hematopoiesis 

Pigmentation, NOS 
Hyperplasia, plasma cell 
Hyperplasia, lymphoid 

#Mandibular lymph node 
Pigmentation, NOS 
Hyperplasia, lymphoid 

*Multiple organs 

#Bone marrow 

#Spleen 

#Lymph node 

(50) 
1 (2%) 

(48) 

2 (4%) 

1 (2%) 
1 (2%) 
2 (4%) 

1 (2%) 

2 (4%)
3 (6%) 

(48) 

(47) 

4 (9%) 
3 (6%)

(47) 

1 (2%) 

(49) 
1 (2%) 

(48)
1 (2%)
7 (15%) 

2 (4%) 

1 (2%) 
1 (2%) 

(49) 

1 (2%)
6 (12%) 

11 (22%)
(19) 

2 (11%) 

(19) 
1 (5%) 

(50) 
1 (2%) 
1 (2%) 

(50) 

9 (18%) 
(50) 

6 (12%)
10 (20%) 

2 (4%) 

4 (8%) 

2 (4%) 

(49) 

(49) 
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TABLE C5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
TWO-YEAR FEED STUDY OF HYDROCHLOROTHIAZIDE (Continued) 

Untreated Control Low Dose High Dose 

HEMATOPOIETIC SYSTEM (Continued) 
#Thoracic lymph node 

Hemorrhage 
Hyperplasia, p!.asma cell 
Hyperplasia, lymphoid 

#Mesenteric lymph node 
Congestion, NOS 
Edema, NOS 
Hemorrhage 
Inflammation, acute focal 
Inflammation, chronic 
Necrosis, focal 
Angiectasis 
Hyperplasia, reticulum cell 
Hyperplasia, lymphoid 
Hematopoiesis

#Renal lymph node 
Hyperplasia, plasma cell 
Hyperplasia, lymphoid 

Hyperplasia, plasma cell 

Hematopoiesis 

Hyperplasia, lymphoid 

Cyst, NOS 
Necrosis, NOS 
Involution, NOS 

#Inguinal lymph node 

#Liver 

#Kidney 

#Thymus 

(47) 

(47)
21 (45%) 

2 (4%) 

7 (15%) 
1 (2%) 

(47) 

(47) 

(48) 

(49) 

(33) 

1 (2%) 

1 (3%) 
2 (6%) 

(19) 

1 (5%) 

(19) 
5 (26%) 

1 (5%) 
2 (11%) 

1 (5%) 
1 (5%) 
3 (16%) 
3 (16%) 

1 15%) 
(19) 

(19) 

(49) 

149) 

(4) 

2 (11%) 

3 (6%)  

3 16%) 

3 (75%) 

(49) 
1 (2%) 

1 (2%) 

12 (24%) 
1 (2%) 
2 (4%) 

1 (2%) 
1 (2%) 
2 (4%) 

5 (10%)
5 110%) 

(49) 

(49) 

2 (4%) 

1 (2%) 

5 (10%) 

1 (2%) 

2 (7%) 

6 (22%) 

(49) 

(50) 

(50) 

(27) 

CIRCULATORY SYSTEM 
*Mediastinum 

Periarteritis 
*Lymphaticsof abdome 

Dilatation, NOS 
#Lung 

Thrombosis, NOS 

(50) 

(50) 

(49) 

(49) (50) 

150) 

(50) 

1 (2%) 

1 (2%) 

#Heart 
Mineralization 
Inflammation, chronic focal 
Periarteritis 

#Heart/atrium
Pigmentation, NOS 

#Cardiac valve 
Pigmentation, NOS 

(49) 
1 (2%) 
5 (10%) 

(49) 

(49) 
1 (2%) 

3 (6%) 

(50) 

7 (14%) 
1 (2%) 

1 (2%) 

5 (10%) 

(50) 

(50) 

DIGESTIVE SYSTEM 
*Tooth 

Abnormal curvature 
Dysplasia, NOS 

Inflammation, chronic focal 
Hyperplasia, intraductal 

Cyst, NOS 
Congestion,NOS 
Hemorrhagic cyst 
Inflammation, chronic focal 
Necrosis, focal 
Eosinophilic cyto change 
Atrophy, focal 

#Salivary gland 

#Liver 

(50) 
1 (2%) 
1 (2%) 

17 (35%) 
1 (2%) 

(49) 

(48) 

1 (2%)
1 (2%) 

12 (25%) 
1 (2%) 

(49) 

(49)
22 (45%) 

(49)
1 (2%) 

7 (14%) 
1 (2%) 

1 ( 2 % )  

(50) 
1 (2%) 

(49) 
23 (47%) 

(50) 

1 (2%) 

10 120%) 
6 (12%) 
1 (2%) 
1 (2%)  
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TABLE C5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
TWO-YEAR FEED STUDY OF HYDROCHLOROTHIAZIDE (Continued) 

- ~~ ~ 

DIGESTIVE SYSTEM (Continued) 
#Liver/hepatocytes


Cytoplasmic vacuolization 

Basophilic cyto change 

Eosinophilic cyto change 

Clear cell change 


*Gallbladder 

Inflammation, chronic focal 

Hyperplasia, NOS 


#Pancreas 

Congestion, NOS 

Inflammation, acute focal 

Inflammation, chronic focal 


#Pancreatic acinus 

Atrophy, focal 


#Esophagus

Hyperkeratosis 


#Glandular stomach 

Mineralization 

Cyst, NOS 

Inflammation, acute focal 

Inflammation, chronic focal 

Necrosis, focal 


#Forestomach 

Hemorrhage 

Ulcer, NOS 

Inflammation, acute focal 

Inflammation, chronic focal 

Hyperplasia, epithelial 

Hyperkeratosis


#Small intestine 

Amyloid, NOS 


#Peyer's patch 

Congestion, NOS 


#Duodenum 

Polypoid hyperplasia 


URINARY SYSTEM 
#Kidney

Mineralization 
Cyst, NOS 
Congestion, NOS 
Hemorrhage
Glomerulonephritis, NOS 
Inflammation, chronic focal 
Inflammation, chronic diffuse 
Nephropathy
Degeneration, NOS 
Nephrosis, NOS 
Necrosis, focal 
Infarct, NOS 
Atrophy 
Hyperplasia, tubular cell 

#Kidney/pelvis 

Dilatation, NOS 

Inflammation, suppurative 

Hyperplasia, epithelial 


#Urinary bladderhucosa 

Necrosis, focal 


#Urinary bladder/submucosa 

Congestion,NOS 

Inflammation. acute focal 


Hydrochlorothiazide,NTP TR 357 

Untreated Control Low Dose High Dose 

(49) 
3 (6%) 
3 (6%) 

2 (4%) 

2 (4%) 
(49) 

(50) 

1 (2%) 
4 (8%) 

2 (4%)
(50) 

(7) 150) 

1 (14%)
2 (29%) 16 (32%) 

(7) 
4 (8%)

(50) 

(6) 
1 (2%) 

3 (6%) 

(50) 

(50) 

1 (17%) 
1 (17%) 

(6) 

6 (12%) 
1 (2%)

(50) 

1 (2%) 
2 (4%) 
1 (2%) 

150) 

(50) 

(50) 
1 (2%) 

(49) 
18 (37%)
3 (6%) 
1 (2%) 
1 (2%) 
1 (2%) 
5 (10%) 

17 (35%) 

1 (2%) 

(49) 
1 (2%) 
1 (2%) 
1 (2%) 

(48) 

(48) 

(49) 
11 (22%) 

1 (2%) 

2 (4%) 

1 (2%) 
14 (29%) 

2 (4%) 

(49) 
1 (2%)
2 (4%) 

(8) 

(8) 
1 (13%) 

(50)
13 (26%) 
5 (10%) 
1 (2%) 

2 (4%) 
1 (2%) 

8 (16%) 
1 (2%) 
1 (2%) 

1 (2%) 
1 (2%) 
1 (2%) 

(50) 

(50) 

150) 
1 (2%) 

1 (13%) 
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TABLE C5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
TWO-YEAR FEED STUDY OF HYDROCHLOROTHIAZIDE (Continued) 

Untreated Control Low Dose High Dose 

URINARY SYSTEM 
#Urinary bladder/submucosa (Continued) 

Inflammation, chronic focal 
(48) 

7 (15%) 
(8) (50)

11 (22%) 
#Urinary bladder/muscularis 

Inflammation, chronic focal 
(48) (8)

1 (13%) 
(50) 

ENDOCRINE SYSTEM 

Cyst, NOS 
Hyperplasia, focal 

ACAdrenaUcapsule 
Hyperplasia, focal 

#Adrenal cortex 
Degeneration, NOS 
Necrosis, focal 
Hyperplasia, focal 

Hyperplasia, NOS 

Cyst, NOS 
Follicular cyst, NOS 
Inflammation, chronic focal 
Atrophy, focal 

#Parathyroid 
Cyst, NOS 

#Pancreatic islets 
Hyperplasia, NOS 

#Anterior pituitary 

#Adrenal medulla 

#Thyroid 

(48)
5 (10%) 
1 (2%) 

44 (92%) 

1 (2%) 

17 (35%) 

2 (4%) 

1 (2%) 
6 (13%) 
1 (2%) 
1 (2%) 

1 (3%) 

2 (4%) 

(481 

(48) 

(48) 

(48) 

(30) 

(48) 

(6) 
1 (17%) 
1 (17%) 

47 (96%) 
(49) 

(49) 

1 (2%) 
17 (35%) 

2 (4%) 
(49) 

(6) 

( 5 )  

(7) 

(49) 
2 (4%) 
4 (8%) 

45 (90%) 

1 (2%) 

10 (20%) 

3 (6%) 

1 (2%) 
8 (16%) 

(50) 

(50) 

(50) 

(50) 

(36) 

(50) 

REPRODUCTIVE SYSTEM 
*Mammary gland 

Cyst, NOS 
Hyperplasia, intraductal 

Inflammation, suppurative 
Inflammation, chronic focal 
Necrosis, diffuse 
Hyperkeratosis 

Inflammation, acute focal 
Inflammation, chronic focal 
Hyperplasia, epithelial 

*Preputial gland 
Cyst, NOS 
Abscess, NOS 
Inflammation, chronic focal 
Atrophy, NOS 

Inflammation, suppurative 
Inflammation, chronic focal 
Hyperplasia, epithelial 

*Seminal vesicle 
Dilatation, NOS 
Hemorrhage 
Inflammation, suppurative 
Inflammation, chronic focal 
Atrophy, NOS 

Mineralization 
Inflammation, chronic focal 
Atrophy, focal 
Atrophy, diffuse 

*Penis 

*Prepuce 

#Prostate 

#Testis 

(50) 

(50) 

1 (2%) 

1 (2%) 

2 (4%)
(50) 

(50) 

2 (4%) 

1 (2%) 

1 (2%) 
4 (8%) 
1 (2%) 

5 (10%) 
1 (2%) 

2 (4%) 

(48) 

(50) 

(48) 

2 (4%) 

(49) 

(49) 
1 (2%) 

1 (2%) 

1 (2%) 

(49) 

(49) 
2 (4%) 

1 (2%) 

(6) 
1 (17%) 

(49) 
2 (4%) 

2 (4%) 

(49) 
1 (2%) 
1 (2%) 
2 (4%) 
1 (2%) 

(50) 

1 (2%) 
1 (2%) 

1 (2%) 
1 (2%) 
1 (2%) 

(50) 

(49) 
1 (2%) 
9 (18%) 

(50)
5 (10%) 

2 (4%) 

5 (10%) 

1 (2%) 
1 (2%) 

(50) 
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TABLE C5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
TWO-YEAR FEED STUDY OF HYDROCHLOROTHIAZIDE (Continued) 

REPRODUCTIVE SYSTEM (Continued) 
*Epididymis 

Inflammation, chronic focal 

NERVOUS SYSTEM 
#Braidmeninges

Inflammation, chronic focal 
Pigmentation, NOS 
Hyperplasia, focal 

*Choroid plexus 
Hyperplasia, NOS 

#Brain 
Mineralization 
Hydrocephalus, NOS 

#Cerebellum 
Leukodystrophy, NOS 

SPECIAL SENSE ORGANS 
*Nasolacrimal duct 

Hemorrhage
Inflammation, acute focal 

*Harderian gland 
Inflammation, chronic focal 

MUSCULOSKELETAL SYSTEM 
*Skeletal muscle 

Inflammation, chronic focal 
*Muscle of trunk 

Inflammation, chronic 
*Muscle of perineum 

Inflammation, acute necrotizing 
*Muscle of leg 

Hemorrhage
Necrosis, focal 

BODY CAVITIES 
*Abdominal cavity 


Cyst, NOS 

Hemorrhage

Necrosis, fat 

*Tunica vaginalis 

Cyst, NOS 

Inflammation, chronic focal 


ALL OTHER SYSTEMS 
*Multiple organs 

Amyloidosis 

SPECIAL MORPHOLOGY SUMMARY 
Animal missinglno necropsy 
Autohecropsylhisto perf 
Autolnecropsylno histo 

Untreated Control Low Dose High Dose 

(50) (49) (50)
1 (2%) 

(48) 

4 (8%) 

(6) 

1 (17%) 

(50) 
1 (2%) 

(50) (49) 
1 (2%) 

(50) 

(48) 
1 (2%) 

1 (2%) 
22 (46%) 

(48) 

(6)
1 (17%) 

(6) 

(50)
15 (30%) 
2 (4%) 

1 (2%) 
(50) 

(501 (49) 

(50)
1 (2%) 

(49) 

(50) 

(50) 

(49) 

(49) 

(50) 

(50) 
1 (2%) 

(50) 
1 (2%) 

(49) (50) 

(50) 
1 (2%) 

(49) 
1 (2%)
1 (2%) 

(50) 

( 5 0 )  (49) (50) 

4 (8%) 
(50) 

1 (2%)
3 (6%) 

(49) 

1 (2%) 

4 (8%) 
(50) 

1 (2%) 
1 (2%) 

(50) (49) (50)
1 (2%) 

1 
1 
1 

* Number of animals receiving complete necropsy examination; all gross lesions including masses examined microscopically. 
# Number of animals examined microscopically a t  this site 
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TABLE D1. SUMMARY O F  THE INCIDENCE OF NEOPLASMS IN FEMALE MICE IN THE TWO-YEAR 
FEED STUDY O F  HYDROCHLOROTHIAZIDE 

Untreated Control Low Dose High Dose 

Animals initially in study 50 50 50 
Animals necropsied 50 50 50 
Animals examined histopathologically 50 50 50 

INTEGUMENTARY SYSTEM 
*Subcutaneous tissue 

Sarcoma, NOS 
Osteosarcoma 

(50) 
4 (8%) 
1 (2%) 

(50) 
1 (2%) 

(50) 
1 (2%) 

~ ~~ ~~~~~~~ ~ 

RESPIRATORY SYSTEM 
#Lung (49) (15) (50) 

Hepatocellular carcinoma, metastatic 1 (2%)
Alveolar/bronchiolar adenoma 4 (8%) 2 (13%) 1 (2%) 
Alveolar/bronchiolar carcinoma 1 (7%) 1 (2%) 

HEMATOPOIETIC SYSTEM 
*Multiple organs (50) (50) (50)

Malignant lymphoma, undifferentiated type 1 (2%) 
Malignant lymphoma, lymphocytic type 4 (8%) 1 (2%)
Malignant lymphoma, histiocytic type 3 (6%) 3 (6%) 2 (4%) 
Malignant lymphoma, mixed type 13 (26%) 12 (24%) 13 (26%) 

#Spleen (50) (32) (50)
Malignant lymphoma, lymphocytic type 1 (3%)
Malignant lymphoma, histiocytic type 1 (2%) 
.Malignant lymphoma, mixed type 1 (3%)

#Lymph node (49) (24) (50) 
Malignant lymphoma, mixed type 1 (4%)

#Thoracic lymph node (49) (24) (50) 
Sarcoma, NOS, metastatic 1 (2%)

#Peyer’s patch (47) (9) (49)
Malignant lymphoma, mixed type 2 (4%)

#Uterus (49) (45) (50) 
Malignant lymphoma, histiocytic type 1 (2%)

#Thymus (42) ( 7 )  (39)
Sarcoma, NOS, metastatic 1 (3%) 

CIRCULATORY SYSTEM 
#Liver (50) (21) (50)

Hemangiosarcoma 2 (10%) 
#Uterus (49) (45) (50)

Hemangioma 1 (2%) 
Hemangiosarcoma 1 (2%)

#Ovary (48) (20) (50)
Hemangioma 1 (2%) 

DIGESTIVE SYSTEM 
#Liver (50) (21) (50)

Hepatocellular adenoma 2 (4%) 4 (19%) 1 (2%)
Hepatocellular carcinoma 2 (4%) 1 ( 5 % )

#Pancreas (48) (9)  (50)
Sarcoma, NOS, metastatic 1 (2%) 

URINARY SYSTEM 
None 
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TABLE D1. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE MICE IN THE TWO-YEAR 
FEED STUDY OF HYDROCHLOROTHIAZIDE (Continued) 

Untreated Control Low Dose High Dose 

ENDOCRINE SYSTEM 
#Pituitary intermedia 

Carcinoma, NOS 
Adenoma, NOS 

#Anterior pituitary 
Adenoma, NOS 

#Adrenal/capsule 
Adenoma, NOS 

#Thyroid
Follicular cell adenoma 

#Pancreatic islets 
Islet cell adenoma 

(49) 

(49) 

(50) 

(49) 

(48) 

5 (10%) 

2 (4%) 

1 (2%) 

(49) 

1 (2%) 

8 (16%) 

1 (11%) 

2 (29%) 

(49) 

(9) 

(7) 

(9) 

(49)
1 (2%) 

(49) 

(50) 
2 (4%) 

(50) 

(50) 
2 (4%) 

REPRODUCTIVE SYSTEM 

Acinar cell carcinoma 
Mixed tumor, malignant 

Sarcoma, NOS 
Leiomyoma
Endometria1 stromal polyp 

Adenocarcinoma, NOS 

*Mammary gland 

#Uterus 

#Uterdendometrium 

(50) 
1 (2%) 
1 (2%)

(49) 

1 (2%) 

1 (2%) 
(49) 

(50)
1 (2%) 
2 (4%) 

(45) 

2 (4%)
(45) 

(50) 
1 (2%) 

1 (2%) 
1 (2%) 

(50) 

(50) 

NERVOUS SYSTEM 
None 

SPECIAL SENSE ORGANS 

Adenoma, NOS
*Harderian gland (50)

6 (12%) 
(50)

5 (10%) 
(50) 

3 (6%) 

MUSCULOSKELETAL SYSTEM 
None 

BODY CAVITIES 
None 

ALL OTHER SYSTEMS 
None 

ANIMAL DISPOSITION SUMMARY 
Animals initially in study 

Natural death 
Moribund sacrifice 
Terminal sacrifice 

50 
10 
3 

37 

50 
6 
5 

39 

50 
11  
4 

35 
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TABLE D1. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE MICE IN THE TWO-YEAR 
FEED STUDY OF HYDROCHLOROTHIAZIDE (Continued) 

Untreated Control Low Dose High Dose 

TUMOR SUMMARY 
Total animals with primary tumors** 36 35 27 


Total primary tumors 52 56 33 

Total animals with benign tumors 20 23 8 


Total benign tumors 22 26 10 

Total animals with malignant tumors 28 25 22 


Total malignant tumors 30 30 23 

Total animals with secondary tumors## 1 1 


Total secondary tumors 1 3 


* Number of animals receiving complete necropsy examinations; all gross lesions including masses examined microscopically. 
** Primary tumors: all tumors except secondary tumors 
# Number of animals examined microscopically at this site 
# #  Secondary tumors: metastatic tumors or tumors invasive into an  adjacent organ 
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TABLE D2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE TWO-YEAR FEED
STUDY OF HYDROCHLOROTHIAZIDE: UNTREATED CONTROL

ANtMAL
NUMBER

WEEKS ON
STUDY

o] o] 516]51 5151 51 51 o|5] o
4 4 3 3 1 0 1 5 4 3 4 3
6 3 7 2 7 8 6 0 5 4 9 1

Ol Ol Ol Ol Ol Ol Ol Ol Ol
0 0 0 0 0 0 1 1 1
3| 4| 5| 6| ?| 9| 0| l| 2|

INTKUUMENTARY SYSTEM
Subcutaneous tissue

Sarcoma, NOS
Osteosarcoma

0] 0 1 0 | 0 ] 0 ] 0 | I I I U l\ I
5 5 8 8 8 9 0 0 0 0 0 0
4 8 4 5 6 1 0 0 1 2|  3 \ 4

TT ITTI i ^ n q i\ IT i\ i~n n r
0 0 0 0 0 0 0 0 0 0 0 0 0
5 6 6 6 6 6 6 6 6 6 6 6 6

RESPffiATOHY HYsTKM
Lungs and bronchi

Hepatocellular carcinoma, metastatic
Alveolar/bronchiolar adenoma

Trachea
Nasal cavity

+ + + +
X

+ + + + -*- + + + + + + + + + + + + + + + •*• + -•- + +

X  X X
+ + + + + + + + + + + + + + + + + + + + + + + + +
+ + + + + + + + + + + + + + + + + + + + + + + + +

+ + + + + + + + + + + + + + + + + + + + + + + + +

+ + + + + + + + + + + +  + + + + + + + + -I  + + +
+ +  + + - +  +  + +  +  + + + + + + +  + +

+ + + + + + + + + + + + + + + + + + + + + + + + +
X

+ + + -I  + + 4 + + + + + + + + + + + + + + + + + +
+ + + + + + + + + + + + + + + + + + + + + + + + +

+ +  + + + 4 + + + + + + + + + + + + + + + + + +
+ + + +  + +  + + +  + + + + + + + + + + + +

+ + + +  + 4 4 - - 4 4 4  + 4 + 4 - 4 4 4 - 4 - 4 4 4 4

44 + + + + 4 44 + + + + + + + + + + 4 + 4 + + +

+ + + + + + + + + + + + + + + + + + +  + + + + +

+ + + + + + + + + + + + + + + + + + + + + + + + +
+ + + + + + + + + + + +  + + + + + + + + + + + 4

X
+  + + + +  + + + + +  + + + + +  + + + + + +
+ + + + - + + + + + + + - + + + + + + + + + + + +

X

X

X

+ + + + + + + + + + + + + + + + + + + + + + + + +

HEMATOPOIETIC SYSTEM
Bone marrow
Spleen
Lymph nodes
Thymus

CIRCULATORY SYSTEM
Heart

DIGESTIVE SYSTEM
Salivary gland
Liver

Hepatocellular adenoma
Hepatocellular carcinoma

Bile duct
Gallbladder & common bile duct
Pancreas
Esophagus
Stomach
Small intestine

Malignant lymphoma, mixed type
Large intestine

URINARY SYSTEM
Kidney
Unnary bladder

ENDOCRINE SYSTEM
Pituitary

Adenoma, NOS
Adrenal
Thyroid

Folhcular cell adenoma
Parathyroid
Pancreatic islets

Islet cell adenoma

REPRODUCTIVE SYSTEM
Mammary eland

Acmar cell carcinoma
Mixed tumor, malignant

Uterus
Adenocarcinoma, NOS
Endometnal stromal polyp
Hemangiosarcoma
Malignant lymphoma, histiocytic type

Ovary
Hemanffioma

NERVOUS SYSTEM
Brain

SPECIAL SENSE ORGANS
Hardenan gland

Adenoma, NOS

ALL OTHER SYSTEMS
Multiple organs, NOS

Malignant lymphoma, histiocytic type
Malignant lymphoma, mixed type

N N N N N N N N N N N N N N N N N N N N N N N N N
X X

N N N N N N N N N N N N N N N N N N N N N N N N N
X  X X

X X X  X X

+ Tissue examined microscopically
 Required tissue not examined microscopically

X Tumor incidence
N Necropsy, no autolysis, no microscopic examination
S Animal missexed
* Animals necropsied

No tissue information submitted
C Necropsy, no histology due to protocol
A Autolysis
M Animal missing
B No necropsy performed
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TABLE D2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE TWO-YEAR FEED
STUDY OF HYDROCHLOROTHIAZIDE: UNTREATED CONTROL (Continued)

ANIMAL
NUMBER

WEEKS ON
STUDY

INTEGUMENTARY SYSTEM
Subcutaneous tissue

Sarcoma, NOS
Osteosarcoma

RESPIRATORY bit STEM
Lungs and bronchi

Hepatoceilular carcinoma, metastatic
Alveolar/bronchiotar adenoma

Trachea
Nasai cavity

HEMATOPOIETIC SYSTEM
Bone marrow
Spleen
Lymph nodes
Thymus

CIRCULATORY SYSTEM
Heart

DIGESTIVE SYSTEM
Salivary gland
Liver

Hepatocellular adenoma
Hepatocellular carcinoma

Bile duct
Gallbladder & common bile duct
Pancreas
Esophagus
Stomacn
Small intestine

Malignant lymphoma, mixed type
Large intestine

URINARY SYSTEM
Kidney
Unnary bladder

ENDOCRINE SYSTEM
Pituitary

Adenoma, NOS
Adrenal
Thyroid

Follicular cell adenoma
Parathyroid
Pancreatic islets

Islet cell adenoma

REPRODUCTIVE SYSTEM
Mammary gland

Acinar cell carcinoma
Mixed tumor, malignant

Uterus
Adenocarcinoma, NOS
Endometnal stromal polyp
Hemangiosarcoma
Malignant lymphoma, histiocytic type

Ovary
Hemangioma

NERVOUS SYSTEM
Brain

SPECIAL SENSE ORGANS
Hardenan gland

Adenoma, NOS

ALL OTHER SYSTEMS
Multiple organs, NOS

Malignant lymphoma, histiocytic type
Malignant lymphoma, mixed type

0 0 0 0 01 0 0 0 0 0 0 0 01 0 0 0 0 01 01  0 0 01 0 01 0
1 1 1 1 2 2 2 2 2 2 2 2 2 2 3 3 3 3 3 4 4 4 4 4 4
4 5 8 9 0| 1 2 3 4 5 6 7 8| 9 3 5 6  8 \  9 \  0 1  2 \ 4 7| 8

11 1 11 11 1 1 1 11 1 1 11 11 1 11 11 11 11 1 1 11 11 1 11 1 1
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
e| 6 e| e| e 6 e e| 6 e e| e| 6 e| e| e| e| e e e| e| e e| e e

+ + + + >- + + -{- + + + + + + + + •¥ + + + + + + + +
X X

X

+ + + + + + + + + +  + + + + + + + + + + + + + +
X

X

+ + + + + + + + + + + + + + + + + + + + + + + + +

+ + + + + + + + + + + + + + +  + + + + + + + + +

+ + + + + + + 4 - *  + + + + + + + + + + + + + + + +

+ + + + + + + + + + + + + + + + + + + + + + + + +
+ + + + + + + + + + + + + + + + + + + + + + + + +

X
X X

+ + + + + + + + + + + + + + + + + + + + + + + + +

+ + + + + + + + -I- + + + + + + + + + + + + + + + -I-

X X

+ + + + + + + + + + + + + + + + + + + + + + + + +

x x  x x x

X

+ + + + + + + + + + f + + + + + + + + + + + + + +
X

X
X

+ + + + + + + + + + + + + + + + + + + + + + + + +

X
X

+ + + + + + + + + + + + + + + + + + + + + + + + +

N N N N N N N N N N N N N N N N N N N N N N N N N
X  X X X

N N N N N N N N N N N N N N N N N N N N N N N N N

X X X X X X X X

TOTAL
TISSUES
TUMORS

•50
4
1

49
1
4

50
50

50
50
49
42

50

49
50

2
2

50
'50
48
49
46
47
2

47

50
48

49
5

50
49

2
42
48
1

*50
1
1

49
1
1
1
1

48
1

50

«50
6

•50
3

13
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TABLE D2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE TWO-YEAR FEED
STUDY OF HYDROCHLOROTHIAZIDE: LOW DOSE

ANIMAL
NUMBER

WEEKS ON
STUDY

INTEGUMENTARY SYSTEM
Subcutaneous tissue

Sarcoma. NOS

RESPIRATORY SYSTEM
Lungs and bronchi

Alveolar/bronchiolar adenoma
Alveola r/bronchiolar carcinoma

Trachea
Nasal cavity

HEMATOPOIETIC SYSTEM
Bone marrow
Spleen

Malignant lymphoma, lymphocytic type
Malignant lymphoma, mixed type

Lymph nodes
Malignant lymphoma, mixed type

Thymus

CIRCULATORY SYSTEM
Heart

DIGESTIVE SYSTEM
Salivary gland
Liver

Hepatocellular adenoma
Hepatocellular carcinoma
He mangiosa rco ma

Bile duct
Gallbladder & common bile duct
Pancreas
Esophagus
Stomach
Small intestine
Large intestine

URINARY SYSTEM
Kidney
Urinary bladder

ENDOCRINE SYSTEM
Pituitary

Adenoma, NOS
Adrenal

Adenoma. NOS
Thyroid

Follicularcell adenoma
Parathyroid

'REPRODUCTIVE SYSTEM
Mammary eland

Acinar cell carcinoma
Mixed tumor, malignant

Uterus
Endometnal stromal polyp
Hemangioma

Ovary

NERVOUS SYSTEM
Brain

SPECIAL SENSE ORGANS
Hardenan gland

Adenoma, NOS

ALL OTHER SYSTEMS
Multiple organs, NOS

Malignant lymphoma, lymphocytic type
Malignant lymphoma, histiocytic type
Malignant lymphoma, mixed type

0 01 01 01  0 0 0 0 0 0 0 0 0 0 0 01 0 ! 0  0 1 0 0 0  O C
3 3 0 0 2 4 3 3 4 1 0 0 0 0 0 0 0 1 1 1 1 1 1 1
4  3 | 8 | 4 | 4 5 0 9 3 5 1 2 3 5 6 ? | 9 | 0 1 ] 2 3 4 6 7

•oru o "o o o o ii i ii i ii IT i  i " i T i ™r  i  r m
7 8 8 8 9 9 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
?| 3 7 9 0 2 9  2 | 2 4| 5  5 |  5 | 5 5 5 5 5 5 5 5 5 5 5

+ + + + + N N N N N N N N N N N N N N N N N N N
X

+ + + + + + +

^ . 4 . ^ + + _ _ _ _ - _ _ _ _ _ _ _ _ _
+ + + +

+ + 4  + +

+ + + + +  + + +  +  + + +  _ . ( - - .

+ + +

+ + + + + + + +

X

X
+ + + + + + + 4  + +  + K
+ + + + N N N N N N N N N N N N N N N N N N N

^ + + + _ _ _ „ _ _ _ _ _ _ _ _ _ _ _ _ _ _
-|. + - f + _ - . _ 4  +
- f - t - - f +  + _ _ _ _ _ _ _ _ _ _ _ _ ) _ _ _ _ _ _
+ + + +

X X X

X
+ + - t - - J . - t - _ _ _ _  +

X

+ + + +  + N + N N N N N N N N N N N N N N N N N

X

X

+ + + + + +  + - • ! - - -  +  + + +  +

+ + + + +

N N N N N N N N N N N N N N N N N N N N N N N N
X

N N N N N N N N N N N N N N N N N N N N N N N N
X X

X  X X
X  X X X

0
1
8

 T
0
5

N

X

+

X
+
N

+

+•
X

N

+

N

N
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TABLE D2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE TWO-YEAR FEED
STUDY OF HYDROCHLOROTHIAZIDE: LOW DOSE (Continued)

ANIMAL
NUMBER

WEEKS ON
STUDY

INTEGUMENTARY SYSTEM
Subcutaneous tissue

Sarcoma, NOS

RESPIRATORY SYSTEM
Lungs and bronchi

Alveolar/bronchiolar adenoma
Alveolar/bronchiolar carcinoma

Trachea
Nasal cavity

HEMATOPOIETIC SYSTEM
Bone marrow
Spleen

Malignant lymphoma, lymphocytic type
Malignant lymphoma, mixed type

Lymph nodes
Malignant lymphoma, mixed type

Thymus

CIRCULATORY SYSTEM
Heart

DltlUSTIVE SYSTEM
Salivary gland
Liver

Hepatocellular adenoma
Hepatocellular carcinoma
Hemangiosarcoma

Bile duct
Gallbladder & common bile duct
Pancreas
Esophagus
Stomacn
Small intestine
Large intestine

URINARY SYSTEM
Kidney
Unnary bladder

ENDOCRINE SYSTEM
Pituitary

Adenoma, NOS
Adrenal

Adenoma, NOS
Thyroid

Folhcularcell adenoma
Parathyroid

REPRODUCTIVE SYSTEM
Mammary gland

Acmar cell carcinoma
Mixed tumor, malignant

Uterus
Endometrial stromal polyp
Hemangioma

Ovary

NERVOUS SYSTEM
Brain

SPECIAL SENSE ORGANS
Hardenan gland

Adenoma, NOS

ALL OTHER SYSTEMS
Multiple organs, NOS

Malignant lymphoma. lymphocytic type
Malignant lymphoma, histiocytic type
Malignant lymphoma, mixed type

0 0 01 01 0 0 01 0 0 0 0 0 01 01 01 01 0 0 0 01 01 0 0 0 0
1 2 2 2 2 2 2 2 2 2 3 3 3 3 3 3 4 4 4 4 4 4 4 4 5
9 0 l| 2| 3 5 6| 7 8 9 1 2 5| 6| 7| 8| 0 1 2 4| 6| 7 8 9 0

II 11 I 11 11 11 11 11 11 1 1 1 11 11 11 11 11 1 1 11 11 1 11 1 1
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
5| 5| 5 5| 5| 5| 5| 5| 5| 5 5 5 5J 6| 6| G  6| 6 6 e| 6| 6 6| 6 6

N N N N N N N N N N N N N N N N + N N N N N N N N

X X
X

- f - . + +  + _ _ _ 4 . +  + 4 .  + + + + _ _ -  + +

X
- f  + ^ - _ - j  +  + _ 4 . _ _  + _ _ - ) - _ _  + +

X
+ + + +

+ + + + , + + + + + + + + + + + + + + + + + + + +

 + _ - _ 4 . _ - _ _ _ _  +  +  + _ _ _ 4 - _ _
X  X X

X

 +  + _ _ _ _ — . _ _ - - ) . _ - _ _ - - )  - ( - _ _  +
N N N N N N N N N N N N N N N N N N N N N N N N N
_ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ + .

_ - _ _ _  _ _ _ - _  + _ . _ - l - _ - _ _ _ _ _ _ _

+ + +

X X X  X X

 _ 4 . _ _ _ _ _
X

N N N N N N N N N + N N N N + N + N N N N N N N N
X

X

X
X

+  + + + + + +

N N N N N N N N N N N N N N N N N N N N N N N N N
X X X X

N N N N N N N N N N N N N N N N N N N N N N N N N
X X

X X X X  X X X X

TOTAL.
TISSUES
TUMORS

•50
1

15
2
1
5
4

5
32

1
1

24
1
7

50

8
21

4
1

21
«50

9
5
7
9
5

50
8

49
9
9
1
7
2
5

•50
1
2

45
2
1

20

5

*50
5

•50
4
3

12
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TABLE D2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE TWO-YEAR FEED
STUDY OF HYDROCHLOROTHIAZIDE: HIGH DOSE

ANIMAL
NUMBER

WEEKS ON
STUDY

INTEGUMENTARY SYSTEM
Subcutaneous tissue

Sarcoma, NOS

RESPIRATORY SYSTEM
Lungs and bronchi

Alveolar/bronchiolar adenoma
Alveolar/bronchiolar carcinoma

Trachea
Nasal cavity

HEMATOPOIETIC SYSTEM
Bone marrow
Spleen

Malignant lymphoma, histiocytic type
Lymph nodes

Sarcoma, NOS. metastatic
Thymus

Sarcoma, NOS, metastatic

CIRCULATORY SYSTEM
Heart

DIGESTIVE SYSTEM
Salivary gland
Liver

Hepatocellular adenoma
Bile duct
Gallbladder & common bile duct
Pancreas

Sarcoma, NOS, metastatic
Esophagus
Stomach
Small intestine
Large intestine

URINARY SYSTEM
Kidney
Urinary bladder

ENDOCRINE SYSTEM
Pituitary

Carcinoma. NOS
Adenoma, NOS

Adrenal
Thyroid

Folhcularcell adenoma
Parathyroid

REPRODUCTIVE SYSTEM
Mammary gland

Aci nar cefl carcinoma
Uterus

Sarcoma, NOS
Leio myoma

Ovary

NERVOUS SYSTEM
Brain

SPECIAL SENSE ORGANS
Hardenan gland

Adenoma, NOS

ALL OTHER SYSTEMS
Multiple organs, NOS

Malignant lymphoma, undifferentiated type
Malignant lymphoma, lymphocytic type
Malignant lymphoma, histiocytic type
Malignant lymphoma, mixed type

01 01 01 0 0 01 0 0 0 0 0! 01 01 01 01 01 0 0 0! 01 0 0 0  0 0
4 3 2 0 4 2 4 3 1 1 3 4 2 3 3 0 0 0 0 0 0 0 0 1 1
8| 6| 3| 6 7 5| 9 7 8 6 0| l| 2| 2\ 8| 1| 2 3 4| 5| 7 8 9 0 1

0 01 01 01 0 01 0 01 01 0 01 11 11 1 11 1 1 11 If 1| 11 1 11 11 1
2 7 8  8 8  9 9 9 9 9 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 8| 0| 3| 3 l| 1 3| 6| 7 7| 0| 2| 2 3| 5 5 s| 5| 5| s| 5 5| 5] 5

+ - t - - t  + -t  + 4 - - f + + + 4  + + - t - - *  + + + + + + + "*  +
X

+ + + + + + + + + + + + + + + + + + + + + + + + +

X
X

+ + + + + + + + + + + + + + + + + + + + + + + + +

X

X

+ + + + + + + + + + + + + + + + + + + + + + + +

X

+ + + + + + + + + + + + + + ^ + + + + + + + + + +

+ + + + + + + + + + + + + + + + + + + + + + + + ++ + + + + + + + + + + + + + + + + + + + + + + + +

X

X X

X
X

+ -t- + + + + -t- + + -t- + + -t- + -t- + - t - - t - + + + + -l- 4- +

N N N N N N N N N N N N N N N N N N N N N N N N N
X X

N N N N N N N N N N N N N N N N N N N N N N N N N
X

X
X X

X X X X X X X X
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TABLE D2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE TWO YEAR FEED
STUDY OF HYDROCHLOROTHIAZIDE: HIGH DOSE (Continued)

ANIMAL
NUMBER

WEEKS ON
STUDY

INTEGUMENTARY SYSTEM
Subcutaneous tissue

Sarcoma, NOS

RESPIRATORY SYSTEM
Lungs and bronchi

Alveola r/bronchiolar adenoma
Alvf olar/bronchiolar carcinoma

Trachea
Nasal cavity

HEMATOPOIETIC SYSTEM
Bone marrow
Spleen

Malignant lymphoma, histiocytic type
Lymph nodes

Sarcoma, NOS, metastatic
Thymus

Sarcoma, NOS, metastatic

CIRCULATORY SYSTEM
Heart

DIGESTIVE SYSTEM
Salivary gland
Liver

Hepatocellular adenoma
Bile duct
Gallbladder & common bile duct
Pancreas

Sarcoma, NOS, metastatic
Esophagus
Stomach
Small intestine
Large intestine

URINARY SYSTEM
Kidney
Unnary bladder

ENDOCRINE SYSTEM
Pituitary

Carcinoma, NOS
Adenoma, NOS

Adrenal
Thyroid

Folhcular cell adenoma
Parathyroid

REPRODUCTIVE SYSTEM
Mammary gland

Acmar cell carcinoma
Uterus

Sarcoma, NOS
Leiomyoma

Ovary

NERVOUS SYSTEM
Brain

SPECIAL SENSE ORGANS
Hardenan gland

Adenoma, NOS

ALL OTHER SYSTEMS
Multiple organs, NOS

Malignant iymphoma, undiffer type
Malignant lymphoma, lymphocytic type
Malignant lymphoma, histiocytic type
Malignant lymphoma, mixed type

0 0 0 0 0  0 0 01 01 0 0 0 0 0 0 01  0 0 01  0 0 01 0 0 0

2 3 4 5 7 9 0 l | 4 | 6 7 8 9 1 3  4 |  5 9 0|  2 3  4 | 5 6 0

i i i i i i i i ii ii i i i i r  IT  i  i  • r • • i i ii i i i
o o o o o o o o o o o o o o o o o o o o o o o o o
5 5 5 5 5 5 5 5 5 | 5 | 5 5 5 5 5 5| 5 5 5 5 5  5 | 5 5 5

X

+ 4. + + + + + +. + f + + + + + + + + + + + + + + +

X

+ + + + + + + + + + + + + + + + + + + + + + + + +

+ + + + + + + + + + + + + + + + + + + + + + + + +
X

X

+ _ + + + + ^ _ _ _ _ + + + + _ + + + _ + + + + +

X

N N N N N N N N N N N N N N N N N N N N N N N N N
X

N N N N N N N N N N N N N N N N N N N N N N N N N

x x  x x x

TOTAL:
TISSUES
TUMORS

«50
1

50
I
1

50
50

50
50

1
50

1
39

1

50

50
50

1
50

*50
50
1

50
49
49
49

50
50

49
1
2

50
50

2
33

•50
1

50
1
1

50

50

*50
3

«50
1
1
2

13
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TABLE D3. ANALYSIS OF PRIMARY TUMORS IN FEMALE MICE IN THE TWO-YEAR FEED STUDY OF 
HYDROCHLOROTHIAZIDE 

Oh0(0%) (e,D 5/50 (10%) 

Control 2,500 ppm 

Subcutaneous Tissue: Sarcoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 

4/50 (8%)
9.9% 
3/38 (8%)
91 

1/50(2%)
2.4% 
0140 (0%) 
104 

Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

P =  0.1 15N 
P =0.087N 
P=O.lOlN 

P=0.172N 
P =0.184N 

P=0.181N 

Lung: AiveolarlBronc hiolar Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 

4/49 (8%) 
10.8% 
4/37 (11%) 
105 

(e) 2/15 (13%) 

Life Table Test (d) 
Incidental Tumor Test (d) 
Fisher Exact Test (d) 

Lung: AlveolarlBronchiolar Adenoma or Carcinoma 
Overall Rates (a) 4/49 (8%) (e) 3/15 (20%) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 

10.8% 
4/37 (11%) 
105 

Life Table Test (d) 
Incidental Tumor Test (d) 
Fisher Exact Test (d) 

Hematopoietic System: Malignant Lymphoma, Lymphocytic Type 
Overall Rates (a) 
Adjusted Rates (b) 0.0% 
Terminal Rates (c) 0/38 (0%) 
Week of First Observation 
Life Table Test (d) 
Incidental Tumor Test (d) 
Fisher Exact Test (d) 

Hematopoietic System: Malignant Lymphoma, Histiocytic Type 
Overall Rates (a)  4/50 (8%) (e.0 3/50 (6%) 
Adjusted Rates ib) 9.2% 
Terminal Rates (c) 1/38 (3%) 
Week of First Observation 54 
Life Table Test (d) 
Incidental Tumor Test (d) 
Fisher Exact Test (d) 

Hematopoietic System: Malignant Lymphoma, Mixed Type 
Overall Rates (a)  15/50 (30%) (e,D 14/50 (28%) 
Adjusted Rates (b) 35.9% 
Terminal Rates (c) 12/38 (32%) 
Week of First Observation 58 
Life Table Test (d) 
Incidental Tumor Test (d) 
Fisher Exact Test (d) 

Hematopoietic System: Lymphoma, All Malignant 
Overall Rates (a) 19/50 (38%) (e,D 22/50 (44%) 
Adjusted Rates (b) 42.5% 
Terminal Rates (c) 13/38 (34%) 
Week of First Observation 54 
Life Table Test (d) 
Incidental Tumor Test (d) 
Fisher Exact Test (d) 

5,000 ppm 

1/50(2%)
2.6% 
0/35 (0%) 
102 
P=0.203N 
P =  0.167N 

P=0.181N 

1/50(2%)
2.2% 
0/35 (0%)
91 
P=0.195N 
P =  0.181N 
P=0.175N 

2/50 ( 4% 
4.8% 
0/35 (0%) 
91 
P =0.362N 
P =0.317N 
P=0.329N 

1/50 (2%) 
2.9% 
1/35 (3%) 
105 
P =  0.484 
P =0.484 
P=0.500 

3/50 (6%)
7.5% 
1/35 (3%) 
80 
P=0.537N 
P =0.480N 
P=0.500N 

13/50 (26%) 
30.4% 
7/35 (20%) 
78 
P =0.498N 
P =0.460N 
P=0.412N 

18/50 (36%) 
39.9% 
9/35 (26%) 
78 
P =0.552 
P=0,527N 
P=0.500N 
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TABLE D3. ANALYSIS O F  PRIMARY TUMORS IN FEMALE MICE IN THE TWO-YEAR FEED STUDY O F  
HYDROCHLOROTHIAZIDE (Continued) 

Control 2,500 ppm 

Circulatory System: Hemangioma or Hemangiosarcoma 
Overall Rates (a )  
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 

2/50 (4%) 
5.1% 
1/38 (3%) 
104 

(e,O 3/50 (6%) 

Life Table Test (d) 
Incidental Tumor Test (d) 
Fisher Exact Test (d) 

Liver: Hepatocellular Adenoma 
Overall Rates (a) 
Adjusted Rates (b)  
Terminal Rates (c) 
Week of First Observation 

2/50 (4%) 
5.3% 
2/38 (5%) 
105 

( e )4/21 (19%) 

Life Table Test (d)  
Incidental Tumor Test (d) 
Fisher Exact Test (d) 

Liver: Hepatocellular Adenoma or Carcinoma 
Overall Rates ( a )  
Adjusted Rates (b)  
Terminal Rates (c) 
Week of First Observation 

3/50 (6%) 
7.9% 
3/38 (8%) 
105 

( e )5/21 (24%) 

Life Table Test (d) 
Incidental Tumor Test (d) 
Fisher Exact Test (d)  

Anterior Pituitary Gland: Adenoma 
Overall Rates ( a )  
Adjusted Rates (b )  
Terminal Rates ( C I  
Week of First Observation 

5/49 (10%) 
13.5% 
5/37 (14%) 
105 

8/49(16%)
20.0% 
8/40 (20%) 
105 

Life Table Tests (d) 
Incidental Tumor Tests td) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test td) 

P=0.221N 
P =0.221N 
P =  0.202N 

P =0.326 
P=0.326 

P=0.276 

Mammary Gland: Acinar Cell Carcinoma or Mixed Tumor, Malignant 
Overall Rates ( a )  2/50 ( 4% ) 3/50 (6%)
Adjusted Rates (b )  5.3% 7.2% 
Terminal Rates (ci 2/38 (5%) 2/40 ( 5% 
Week of First Observation 105 99 
Life Table Tests td) P=0.433N P =0.519 
Incidental Tumor Tests (d)  P=0.404N P=0.482 
Cochran-Armitage Trend Test (dl P=0.399N 
Fisher Exact Test td) P =0.500 

Harderian Gland: Adenoma 
Overall Rates ( a )  6/50 ( 12%) 5/50 (10%)
Adjusted Rates tb) 15.0% 12.5% 
Terminal Rates ( C J  5/38 (13%) 5/40 ( 13%)
Week of First Observation 85 105 
Life Table Tests td)  P =0.226N P =0.466N 
Incidental Tumor Tests tdl P =O.208N P =0.453N 
Cochran-Armitage Trend Test ( d )  P=0.195N 
Fisher Exact Test td) P =0.500N 

5,000 ppm 

0/50 (0%) 
0.0% 
0/35 (0%) 

P =  0.261N 
P =  0.217N 
P =  0.248N 

1/50 (2%) 
2.9% 
1/35 (3%) 
105 
P=0.529N 
P =0.529N 
P=0.500N 

1/50 (2%) 
2.9% 
1/35 (3%) 
105 
P=0.335N 
P=0.335N 
P =0.309N 

2/49 (4% ) 
5.7% 
2/35 (6%) 
105 
P=0.238N 
P=0.238N 

P=0.218N 

1/50 (2%) 
2.9% 
1/35 (3%i 
105 
P =0.529N 
P=0.529N 

P=0.500N 

3/50 (6%I 
7.8% 
2/35 (6%) 
91 
P=0.280.”; 
P =0.249N 

P=O.243N 
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TABLE D3. ANALYSIS OF PRIMARY TUMORS IN FEMALE MICE IN THE TWO-YEAR FEED STUDY OF 
HYDROCHLOROTHIAZIDE (Continued) 

Control 2,500 ppm 5,000 ppm 

All Sites: Benign Tumors 
OverallRates (a) 20/50 (40%) 23/50 (46%) 8/50 (16%) 

Adjusted Rates (b) 49.8% 55.9% 20.9% 

Terminal Rates (c) 18/38 (47%) 22/40 (55%) 6/35 (17%) 

Week of First Observation 85 77 91 

Life Table Tests (d) P=0.013N P =0.424 P =0.014N 

Incidental Tumor Tests (d) P=0.012N P =0.384 P =0.009N 

Cochran-Armitage Trend Test (d) P =0.008N 

Fisher Exact Test (d) P =0.343 P=0.007N 


All Sites: Malignant Tumors 
Overall Rates (a)  28/50 (56%) 25/50 (50%) 22/50 (44%) 
Adjusted Rates (b) 61.8% 52.0% 47.5% 
Terminal Rates (c) 21/38 (55%) 17/40 (43%) 11/35 (31%) 
Week of First Observation 54 77 78 
Life Table Tests (d) P =0.262N P=0.296N P =0.295N 
Incidental Tumor Tests (d) P =0.133N P=0.410N P=0.169N 
Cochran-Armitage Trend Test (d) P=0.136N 
Fisher Exact Test td) P=0.345N P=0.159N 

All Sites: All Tumors 
Overall Rates (a) 36/50 (72%) 35/50 (70%) 27/50 (54%1 
Adjusted Rates (b) 78.1% 72.9% 57.2% 
Terminal Rates (c) 28/38 (74%) 27/40 (68%) 15135(43%)
Week of First Observation 54 77 78 
Life Table Tests (dJ P=O.l50N P=0.388N P =0.176N 
Incidental Tumor Tests (d) P=0.043N P=0.556N P=0.058N 
Cochran-Armitage Trend Test (d) P=0.037N 
Fisher Exact Test (d) P=0.500N P =0.049N 

( a )Number of tumor-bearing animals/number of animalsexamined at the site 
1 b) Kaplan-Meier estimated tumor incidences at the end of the study after adjusting for intercurrent mortality 
(c)Observed tumor incidence a t  terminal kill 
(d)Beneath the control incidence are the P values associated with the trend test. Beneath the dosed group incidence are the 

P values corresponding to  pairwise comparisons between that dosed group and the controls. The life table analysis regards tu- 

mors in animals dying prior to terminal kill as being (directly or indirectly) the cause of death. The incidental tumor test re- 

gards these lesions as nonfatal. The Cochran-Armitage and Fisher exact tests compare directly the overall incidence rates. 

A negative trend or lower incidence in a dosed group is indicated by (h-). 

( e )  Incomplete samplingoftissues 

(DThirty-two spleens, 21 livers, and 24 lymph nodes were examined microscopically. 
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TABLE D4. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE 
TWO-YEAR FEED STUDY OF HYDROCHLOROTHIAZIDE 

Untreated Control Low Dose High Dose 

Animals initially in study 50 50 50 
Animals necropsied 
Animals examined histopathologically 

50 
50 

50 
50 

50 
50 

INTEGUMENTARY SYSTEM 

Epidermal inclusion cyst 
Inflammation, chronic focal 

*Subcutaneous tissue 
Mineralization 

*Skin (50) (50) (50) 
1 (2%) 
1 (2%) 

(50) 

Cyst, NOS 
Inflammation, chronic focal 

1 (2%) 
1 (2%) 

RESPIRATORY SYSTEM 
#Nasal cavity 

Foreign body, NOS 
Hemorrhage 
Inflammation, acute focal 

Inflammation, chronic focal 

Mineralization 
Congestion, NOS 
Edema, NOS 
Hemorrhage 

Pigmentation, NOS 
Alveolar macrophages 
Hyperplasia, alveolar epithelium 

#Tracheal submucosa 

#Lung 

Inflammation, chronic focal 

(50) 
1 (2%) 

2 (4%) 

1 (2%)
3 (6%) 

2 (4%) 

2 (4%) 
1 (2%) 
2 (4%) 

(50) 

(49) 

22 (45%) 

(4) 

1 (7%) 

2 (13%) 

1 (7%) 

(5) 

(15) 

6 (40%) 

(50) 
1 (2%)
2 (4%) 
3 ( 6 % )  

1 (2%) 

1 (2%) 
1 (2%)
5 (10%) 

1 (2%) 
2 (4%) 
1 (2%)  

(50) 

(50) 

14 (28%) 

HEMATOPOIETIC SYSTEM 
#Braidmeninges 

"Multiple organs 

#Bone marrow 

Hyperplasia, lymphoid 

Hyperplasia, lymphoid 

Pigmentation, NOS 
Hyperplasia, granulocytic 

Necrosis, focal 
Russell body 
Angiectasis 
Hyperplasia, lymphoid 
Hematopoiesis 

Hyperplasia, lymphoid 

Hemorrhage
Pigmentation, NOS 
Angiectasis 
Hyperplasia, lymphoid 

Hyperplasia, plasma cell 
Hyperplasia, reticulum cell 

Hyperplasia, plasma cell 

Hyperplasia, NOS 

#Spleen 

#Lymph node 

#Mandibular lymph node 

#Thoracic lymph node 

Hyperplasia, lymphoid 
#Hepatic lymph node 

#Lumbar lymph node 

(50) 

(50) 

(50) 
3 (6%) 

6 (12%) 

1 (2%) 

4 (8%)
8 (16%) 

1 (2%) 

3 (6%) 

1 (2%) 

(50) 

(49) 

(49) 

(49) 

3 (6%)
(49) 

(491 

(5) 

(50) 

(5)  
2 (4%) 

3 (60%) 
2 (40%) 

1 (3%) 

1 (3%) 
3 (9%) 

11 (34%) 

1 (4%) 

1 (4%) 
1 (4%) 

1 (4%) 

1 (4%) 

(32) 

(24) 

(24) 

(24) 

(24) 

(24) 

(50) 

(50) 

(50) 

1 (2%) 

7 (14%) 

2 (4%) 
2 (4%) 

5 (10%)
5 (10%) 

1 (2%) 
1 (2%) 

1 (2%) 

(50) 

(50) 

(50) 

(50) 

(50) 

(50) 
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TABLE D4. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS I N  FEMALE MICE IN THE 
TWO-YEAR FEED STUDY O F  HYDROCHLOROTHIAZIDE (Continued) 

Untreated Control Low Dose High Dose 

HEMATOPOIETIC SYSTEM (Continued) 
#Mesenteric lymph node 

Congestion, NOS 
Edema, NOS 
Hemorrhage 
Abscess, NOS 
Angiectasis 
Hyperplasia, plasma cell 
Hyperplasia, reticulum cell 
Hyperplasia, lymphoid 
Hematopoiesis 

#Inguinal lymph node 
Hyperplasia, plasma cell 

#Lung 
Hyperplasia, lymphoid 

#Liver 
Hyperplasia, lymphoid 
Hematopoiesis

#Pancreas 
Hyperplasia, lymphoid 

#Peyer’s patch 
Hyperplasia, lymphoid 

#Kidney 
Hyperplasia, lymphoid 

#Urinary bladder/submucosa 
Hyperplasia, lymphoid 

#Adrenal cortex 
Hematopoiesis

#Adrenal medulla 
Hematopoiesis

#Thymus
Involution, NOS 
Hyperplasia, epithelial 
Angiectasis 
Hyperplasia, lymphoid 

(49)
3 (6%) 

1 (2%) 
2 (4%) 
1 (2%) 

4 (8%)
3 (6%) 

1 (2%) 

1 (2%) 

(49) 

(49) 

(50) 

4 (8%) 
(48) 

(47) 

(50) 

(48) 

1 (2%) 

2 (4%) 

(50) 

(50) 

(42) 
1 (2%) 

5 (12%) 
1 (2%) 
1 (2%) 
1 (2%) 

(24) 
1 (4%) 

1 (4%) 

2 (8%) 
(24) 

(15) 

(9) 

(9) 

(7)  

1 (11%) 

2 (29%) 

2 (29%) 

(50) 
3 (6%) 
1 (2%) 
1 (2%) 

2 (4%) 
1 (2%) 
1 (2%) 
2 (4%) 
1 (2%) 

(50) 

(50) 

(50) 
4 (8%) 

1 (2%) 
2 (4%) 

1 (2%) 

1 (2%) 

4 (8%) 

1 (2%) 

1 (2%) 

(50) 

(49) 

(50) 

(50) 

(50) 

(50) 

(39) 
3 (8%) 

CIRCULATORY SYSTEM 

Hemorrhage
Inflammation, acute focal 
Inflammation, chronic focal 
Periarteritis 
Degeneration, NOS 
Pigmentation, NOS 

Inflammation, chronic focal 
Pigmentation, NOS 

#Uterus/endometrium 
Thrombosis, NOS 

#Heart 

#Cardiac valve 

(50) 
1 (2%) 

5 (10%) 

(50) 
1 (2%) 
6 (12%) 

(49) 

(50) 

8 (16%) 

1 (2%) 
(50) 

(45) 

(50) 

1 (2%) 
2 (4%) 
1 (2%) 
1 (2%) 

(50) 

5 (10%) 

1 (2%) 
(50) 

DIGESTIVE SYSTEM 
#Salivary gland 

#Liver 
Inflammation, chronic focal 

Cyst, NOS 
Hemorrhage
Inflammation, chronic focal 
Fibrosis, focal 

(49) 

(50) 
12 (24%) 

2 (4%) 
23 (46%) 

(8) 

(21) 
3 (38%) 

1 (5%) 

4 (19%) 
1 (5%) 

(50) 

(50) 
10 (20%) 

1 (2%)
21 (42%) 
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TABLE D4. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE 
TWO-YEAR FEED STUDY OF HYDROCHLOROTHIAZIDE (Continued) 

Untreated Control Low Dose High Dose 

DIGESTIVE SYSTEM 
#Liver (Continued) 

Peliosis hepatis 
Necrosis, focal 
Pigmentation, NOS 
Atrophy, focal 
Angiectasis

#Liver/hepatocytes 
Cytoplasmic vacuolization 
Basophilic cyto change 
Eosinophilic cyto change 
Clear cell change 

Inflammation, chronic focal 

Cyst, NOS 
Inflammation, acute focal 
Inflammation, chronic focal 

#Pancreatic acinus 
Atrophy, focal 
Atrophy, diffuse 
Hyperplasia, focal 

#Glandular stomach 
Mineralization 
Cyst, NOS 
Inflammation, chronic focal 
Degeneration, cystic 
Hyperplasia, epithelial 

Mineralization 
Inflammation, chronic focal 
Hyperplasia, epithelial 
Hyperkeratosis

#Small intestine 
Inflammation, acute focal 
Amyloidosis 

Impaction, fecal 
Hyperplasia, epithelial 

*Gallbladder 

#Pancreas 

#Forestomach 

#Duodenum 

(50) 

6 (12%) 
1 (2%) 
1 (2%) 

(50) 
4 (8%) 
2 (4%) 

1 (2%) 

6 (12%) 

1 (2%) 
1 (2%) 

16 (33%) 

( 5 0 )  

(48) 

(48) 

2 (4%) 
1 (2%) 

(46) 

1 (2%) 
4 (9%) 
2 (4%) 
1 (2%) 

(46) 

3 (7%) 
1 (2%) 

(47) 

1 (2%) 

1 (2%) 
1 (2%) 

(47) 

(21) 

4 (19%) 

1 
(21) 

1 
3 

(5%) 

(5%) 
(14%) 

(5%)1 
(50) 

(9) 
1 (11%) 

(11%)1 
(9) 

1 (11%) 

(7) 

(7) 

(14%) 
(14%) 

1 
1 

(9) 
1 

(9) 

(11%) 

(50) 
2 (4%) 
4 (8%) 

(50)
3 (6%) 
1 (2%) 
1 (2%) 
2 (4%) 

(50) 

(50) 

14 (28%) 

3 (6%) 
2 (4%) 

(50) 

(49) 
1 (2%) 
1 (2%) 
4 (8%) 

(49) 
1 (2%) 

2 (4%) 
1 (2%) 

(49) 

5 (10%) 
(49) 

URINARY SYSTEM 
#Urinary bladderkavity 

Calculus, microscopic examination 
Dilatation, NOS 
Inflammation, suppurative 

Hydronephrosis
Hemorrhage 
Glomerulonephritis, NOS 
Inflammation, suppurative 
Inflammation, chronic focal 
Nephrosis, NOS 
Glomerulosclerosis, NOS 
Necrosis, focal 
Infarct, NOS 
Metaplasia, osseous 

# Kidneykubule
Degeneration, NOS 

#Kidney/pelvis 
Dilatation, NOS 

#Kidney 

(48) 

1 (2%) 

(50) 

1 (2%) 

28 ( 5 6 % )  
6 (12%) 
2 (4%) 

(50) 

(50)  
2 (4%) 

1 (2%) 

(8) 

(50) 
1 (2%) 
1 (2%) 
1 (2%) 

20 (40%) 
7 (14%) 
1 (2%) 
2 ( 4 % )  

(50) 

(50 )  
2 (4%) 

(50) 
1 (2%) 

1 (2%) 
(50) 

1 (2%) 
1 (2%) 

19 (38%) 
6 (12%) 
3 (6%)  

2 (4%) 
2 (4%) 

6 (12%) 
(50) 

(50) 
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TABLE D4. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE 
TWO-YEAR FEED STUDY OF HYDROCHLOROTHIAZIDE (Continued) 

Untreated Control Low Dose High Dose 

URINARY SYSTEM (Continued)
#Urinary bladdedsubmucosa 

Congestion, NOS 
Inflammation, focal 
Inflammation, suppurative 

Inflammation, chronic diffuse 
Inflammation, chronic focal 

(48) 

20 (42%) 

(8) 
1 (13%) 

2 (25%) 

(50) 

1 (2%) 
1 (2%) 

1 (2%) 
1 4  (28%) 

ENDOCRINE SYSTEM 
#Pituitary intermedia 

Hyperplasia, focal 
#Anterior pituitary 

Cyst, NOS 
Congestion, NOS 
Hyperplasia, focal 
Angiectasis 

#AdrenaUcapsule 
Hyperplasia, focal 

#Adrenal cortex 
Congestion, NOS 
Inflammation, acute focal 
Degeneration, NOS 
Hyperplasia, focal 

Hemorrhagic cyst 
Hyperplasia, NOS 

Cyst, NOS 
Follicular cyst, NOS 
Inflammation, acute focal 
Inflammation, chronic focal 
Necrosis, focal 
Hyperplasia, follicular cell 

#Adrenal medulla 

#Thyroid 

(49) 

(49) 

(2%)
(57%) 

1 
28 

(50)
48 

(50)
1 
1 
2 
4 

(50) 

(96%) 

(2%)
(2%)
(4%)
(8%) 

1 
(49)

(2%) 

12 
1 
4 

4 

(24%) 
(2%) 
(8%) 

(8%) 

(49) 

(49) 
1 (2%) 

1 (2%) 
1 (2%) 

21 (43%) 
2 (4%) 

(9)
7 (78%) 

(9) 

1 (11%) 
1 (11%)

(9) 

(7)  

1 (14%) 

1 (14%) 

(49) 

(49) 

3 
22 

(50)
44 

(50)
1 

2 

(6%)
(45%) 

(88%) 

(2%) 

(4%) 
(2%) 

(2%) 

1 
(50) 

1 

(50)
1 
14 

(2%) 
(28%) 

4 (8%) 

REPRODUCTIVE SYSTEM 
*Mammary gland 

Hyperplasia, NOS 
Hyperplasia, cystic 

Hydrometra
Hemorrhagic cyst 

#Uterudendometrium 
Inflammation, suppurative 
Hyperplasia, NOS 
Hyperplasia, cystic 

Mineralization 
Cyst, NOS 
Hemorrhage
Hemorrhagic cyst 
Inflammation. suppurative 
Inflammation, chronic focal 
Pigmentation, NOS 
Atrophy, NOS 
Angiectasis 

#Uterus 

#Ovary 

(50) 

5 
(49)

1 

(10%) 

(2%) 

(49)
1 
2 
44 

(48)
1 
19 

(2%)
(4%)
(90%) 

(2%)
(40%) 

(8%) 
(2%) 
(2%)
(2%) 

(50) 

2 (4%) 

2 (4%) 
1 (2%) 

(45) 

(45) 

43 (96%) 
(20) 

12 (60%) 

1 (5%) 

1 (5%) 

(50) 
1 
2 

(50) 
1 

(2%)
(4%) 

(2%) 

(50)
1 
1 

43 
(50) 

20 
1 
2 

(2%) 
(2%)
(86%) 

(40%) 
(2%)
(4%) 

1 (2%) 

Hydrochlorothiazide, NTP TR 357 166 



TABLE D4. SUMMARY O F  THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE 
TWO-YEAR FEED STUDY OF HYDROCHLOROTHIAZIDE (Continued) 

Untreated Control Low Dose High Dose 

NERVOUS SYSTEM 
#Braidmeninges 


Inflammation, chronic focal 

Pigmentation, NOS 


*Choroid plexus 

Inflammation, chronic focal 


#Brain 

Mineralization 

Hydrocephalus, NOS 

Hemorrhage

Inflammation, chronic focal 

Gliosis 


SPECIAL SENSE ORGANS 
*Nasolacrimal duct 


Hemorrhage 

Inflammation, acute focal 


*Harderian gland 

Inflammation, chronic focal 

Hyperplasia, focal 


MUSCULOSKELETAL SYSTEM 
*Bone 

Fibrous osteodystrophy 

BODY CAVITIES 
*Abdominal cavity 


Cyst, NOS 

Inflammation, suppurative 

Inflammation, chronic focal 

Necrosis, fat 


*Pleural cavity 

Inflammation, suppurative 


ALL OTHER SYSTEMS 
*Multiple organs 

Mineralization 
Tail 

Necrosis, focal 

SPECIAL MORPHOLOGY SUMMARY 
None 

(50)
4 (8%) 
1 (2%) 

1 (2%) 

15 (30%) 

(50) 

(50) 

1 (2%) 

(5) 

(50) 

(5) 
1 (20%) 
1 (20%) 

(50) 
1 (2%) 
1 (2%) 

(50) 

(50) 
17 (34%) 
1 (2%) 
1 (2%) 
1 (2%) 

1 (2%) 

(50)
12 (24%) 

1 (2%) 

(50) (50)
6 (12%) 
1 (2%) 

1 (2%) 
(50) (50) 

1 (2%) 

(50) 

1 (2%) 

(50)
36 (72%) 

(50) (50)
37 (74%) 

(50) 

3 (6%) 

3 (6%) 

(50) 
1 12%) 
1 112%) 

6 '(12%) 

(50) 

1 (2%) 
1 (2%) 

(50) (50) (50) 
1 (2%) 

(50) (50) (50) 
1 (2%) 

1 

* Number of animals receiving complete necropsy examination; all gross lesions including masses examined microscopically. 
# Number of animals examined microscopically a t  this site 
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APPENDIX E. SENTINEL ANIMAL PROGRAM 

Methods 

Rodents used in the Carcinogenesis Program of the National Toxicology Program are produced in op- 
timally clean facilities to eliminate potential pathogens that may affect study results. The Sentinel 
Animal Program is part of the periodic monitoring of animal health that occurs during the toxicologic 
evaluation of chemical compounds. Under this program, the disease state of the rodents is monitored 
via viral serology on sera from extra (sentinel) animals in the study rooms. These animals are un- 
treated, and these animals and the study animals are both subject to identical environmental condi- 
tions. The sentinel animals come from the same production source and weanling groups as the ani- 
mals used for the studies of chemical compounds. 

Fifteen B6C3F1 mice and 15 F344/N rats of each sex were selected a t  the time of randomization and 
allocation of the animals to the various study groups. Five animals of each designated sentinel group 
were killed at 6, 12, and 18 months on study. Data from animals surviving 24 months were collected 
from 5/50 randomly selected control animals of each sex and species. The blood from each animal was 
collected and clotted, and the serum was separated. The serum was cooled on ice and shipped to Mi-
crobiological Associates’ Comprehensive Animal Diagnostic Service for determination of the viral an- 
tibody titers. The following tests were performed: 

Hemagglutination 
Inhibition 

Complement 
Fixation ELISA 

Mice PVM (pneumonia virus of mice) 
Reo 3 (reovirus type 3) 
GDVII (Theiler’s encephalo- 

Poly (polyoma virus) 
MVM (minute virus of mice) 
Ectro (infectious ectromelia) 
Sendai (6,18,24mo) 

myelitis virus) 

M. Ad. (mouse adenovirus) 
LCM (lymphocytic chorio- 

meningitis virus) 
Sendai (12 mo) 

MHV (mouse hepatitis 
virus) 

Rats PVM 
KRV (Kilham rat virus) 
H-1 (Toolan’s H-1 virus) 
Sendai (6,18,24mo) 

RCV (rat coronavirus) 
(6,12,18mo) 

Sendai (12 mo) 

RCVBDA(sia1odacryo-
adenitis virus) (24mo) 

Results 

Results are presented in Table El 
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TABLE E l .  MURINE VIRUS ANTIBODY DETERMINATIONS FOR RATS AND MICE IN THE TWO-YEAR 
FEED STUDIES OF HYDROCHLOROTHIAZIDE (a) 

Interval (months) 
Number of 

Animals 
Positive Serologic 

Reaction for 

RATS 

6 
12 
18 
24 

1/10 

_ _  

None positive 
KRV 
None positive 
None positive 

MICE 

6 
12 
18 
24 

10/10 
8/10 

619 

None positive 
Sendai 
Sendai 
Sendai 

(a)Blood samples were taken from sentinel animals at 6,12, and 18 months after the s tar t  of dosing and from the control ani- 
mals just before they were killed; samples were sent to Microbiological Associates (Bethesda, MD) for determinationof antibody 
titers. 
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TABLE F1. FEED AND COMPOUND CONSUMPTION BY MALE RATS IN THE TWO-YEAR FEED STUDY 
OF HYDROCHLOROTHIAZIDE 

Control 
Grams Body
Feedl Weight

Week Day (a)(grams) 

Low Dose Mid Dose 
Grams Body Dose/ Grams Body 
F e e d  Weight Day (b) Feed/ Weight 

Day (a) (grams) Day (a) (grams) 

Dose/ 
Day (b) 

High Dose 
Grams Body Dose/ 
F e e d  Weight Day (b) 

Day (a) (grams) 

1 
5 
9 

15 
19 
23 

19 
18 
18 
18 
17 
18 

215 
305 
354 
398 
419 
437 

16 
17 
17 
17 
16 
16 

196 
273 
315 
350 
367 
377 

20 
16 
13 
12 
11 
11 

16 
17 
17 
17 
17 
17 

194 
271 
313 
342 
362 
371 

41 
31 
27 
25 
23 
23 

16 
17 
17 
17 
16 
17 

190 
269 
315 
347 
363 
374 

168 
126 
108 
98 
88 
91 

27 
31 

18 
17 

452 
467 

16 
15 

394 
405 

10 
9 

16 
15 

388 
401 

21 
19 

16 
16 

390 
404 

82 
79 

36 18 476 16 414 10 16 408 20 16 413 77 
39 
44 

17 
17 

483 
490 

15 
15 

419 
426 

9 
9 

16 
15 

414 
421 

19 
18 

16 
15 

417 
424 

77 
71 

49 18 500 16 434 9 16 43 1 19 16 433 74 
53 17 507 15 447 8 16 443 18 16 444 72 
57 18 513 15 450 8 15 445 17 15 442 68 
61 
67 

18 
18 

516 
516 

16 
16 

453 
451 

9 
9 

16 
16 

448 
446 

18 
18 

16 
16 

453 
454 

71 
70 

71 17 518 13 435 7 15 442 17 15 452 66 
75 17 514 14 448 8 15 440 17 15 45 1 67 
79 17 508 13 440 7 15 43 2 17 14 440 64 
83 16 503 14 429 8 15 423 18 15 437 69 
87 17 496 15 421 9 15 416 18 14 423 66 
91 17 482 14 414 8 16 418 19 13 398 65 
96 12 467 12 393 8 11 390 14 11 388 57 
99 21 461 21 379 14 21 383 27 20 378 106 
103 18 458 15 360 10 18 381 24 15 370 81 

Mean 17.4 458 15.4 396 10 16.0 393 21 15.6 395 82 
SD(c) 1.5 1.7 3 1.7 6 1.6 24 
CV(d) 8.6 11.0 30.0 10.6 28.6 10.3 29.3 

(a)Grams of feed removed from the feeder; not corrected for scatter. 
(b)Estimated milligrams of hydrochlorothiazide consumed per day per kilogram of body weight 
(c) Standard deviation 
(d)Coefficientof variation = (standard deviatiodmean) X 100 
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TABLE F2. FEED AND COMPOUND CONSUMPTION BY FEMALE RATS IN THE TWO-YEAR FEED 
STUDY OF HYDROCHLOROTHIAZIDE 

Control Low Dose Mid Dose High Dose 
Grams Body Grams Body Dose/ Grams Body Dose/ Grams Body Dose/ 
Feed/ Weight Feedl Weight Day (b) Feedl Weight Day (b) F e e d  Weight Day (b) 

Week Day (a) (grams) Day (a) (grams) Day (a) (grams) Day (a) (grams) 

1 13 150 11 140 20 12 138 43 11 138 159 
5 12 189 11 173 16 12 174 34 11 172 128 
9 11 209 11 190 14 11 192 29 11 191 115 

15 12 226 11 199 14 12 200 30 11 199 111 
19 11 232 10 207 12 10 207 24 10 205 98 
23 12 238 11 208 13 11 208 26 11 206 107 
27 11 247 10 216 12 11 219 25 11 215 102 
31 11 256 10 221 11 11 224 25 10 223 90 
36 11 264 10 225 11 10 227 22 10 224 89 
39 11 270 10 228 11 10 229 22 10 227 88 
44 11 277 10 231 11 10 235 21 10 233 86 
49 12 290 11 240 11 11 242 23 11 240 92 
53 12 299 10 249 10 11 251 22 11 250 88 
57 13 314 11 252 11 12 258 23 11 253 87 
61 13 326 12 265 11 12 261 23 12 262 92 
67 12 338 13 277 12 13 282 23 13 275 95 
7 1  13 347 12 288 10 12 290 21 13 286 91  
75 14 356 13 300 11 13 300 22 13 296 88 
79 14 364 13 303 11 13 310 21 13 300 87 
83 13 366 12 307 10 12 307 20 12 306 78 
87 12 365 12 304 10 12 305 20 12 303 79 
91 13 365 12 295 10 12 303 20 12 299 80 
96 11 366 10 297 8 9 282 16 9 289 62 
99 19 365 16 290 14 17 283 30 17 287 118 

103 14 366 12 277 11 13 275 24 12 275 87 

Mean 12.4 295 11.4 247 12 11.7 248 24 11.5 246 96 
SD (c) 1.7 1.4 2 1.5 5 1.6 19 
CV(d) 13.7 12.3 16.7 12.8 20.8 13.9 19.8 

(a)Gramsof feed removed from the feeder; not corrected for scatter. 
(b)Estimated milligrams of hydrochlorothiazide consumed per day per kilogram of body weight 
(c) Standard deviation 
(d)Coefficientof variation = (standard deviatiodmean) X 100 
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TABLE F3. FEED AND COMPOUND CONSUMPTION BY MALE MICE IN THE TWO-YEAR FEED STUDY 
OF HYDROCHLOROTHIAZIDE 

Week 

Control 
Grams Body
F e e d  Weight 

Day (a) (grams) 

Grams 
Feedl 

Day (a) 

Low Dose 
Body

Weight
(grams) 

Dose/
Day (b) 

Grams 
F e e d  

Day (a) 

High Dose 
Body 

Weight 
(grams) 

Dose/ 
Day (b) 

1 3.0 23.3 2.9 22.9 317 3.0 22.8 658 
5 3.7 27.0 3.7 26.7 3 46 3.9 26.5 736 

10 3.6 30.9 3.8 30.0 317 3.9 29.8 654 
16 3.7 32.8 3.8 31.5 302 3.7 31.6 585 
20 3.8 34.2 3.9 33.3 293 4.0 33.1 604 
:24 4.2 35.5 4.2 34.8 302 4.4 35.0 629 
28 3.8 36.6 3.9 35.8 272 4.1 36.3 565 
:?2 3.8 37.3 4.0 36.8 272 4.2 37.8 556 
37 3.5 37.8 3.5 36.7 238 3.7 37.4 495 
40 3.6 37.7 3.9 37.5 260 3.9 37.7 517 
45 3.7 38.0 3.6 38.1 236 4.0 38.5 519 
49 3.8 38.1 3.8 38.6 246 4.2 39.2 536 
54 3.8 38.7 3.7 39.1 237 4.0 40.3 496 
58 3.9 39.0 4.0 38.8 258 4.0 40.2 498 
ti2 3.7 38.7 4.1 38.6 266 4.3 40.3 533 
68 3.9 39.6 3.7 39.4 235 3.9 40.1 486 
72 3.8 39.7 3.8 39.6 240 3.8 40.0 475 
76 3.8 39.9 3.9 39.8 245 3.9 39.8 490 
80 3.8 39.6 4.0 40.3 248 4.1 40.0 513 
H4 3.7 39.1 3.8 40.1 237 3.8 38.5 494 
88 3.7 38.7 3.9 39.4 247 3.9 37.1 526 
92 4. I 39.0 4.3 39.7 271 4.3 37.2 578 
96 3.8 38.5 3.8 39.0 244 3.8 36.4 522 

100 3.5 37.2 3.7 38.6 240 3.8 36.6 519 
104 3.6 37.9 3.8 38.5 247 3.5 35.1 499 

Mean 3.7 36.6 3.8 36.5 265 3.9 36.3 547 
S D k )
CV(d) 

0.2 
5.4 

0.3 
7.9 

31 
11.7 

0.3 
7.7 

65 
11.9 

(a) Grams of feed removed from the feeder; not corrected for scatter. 
(b)Estimated milligrams of hydrochlorothiazide consumed per day per kilogram of body weight 
(c) Standard deviation 
(d) Coefficient of variation = (standard deviationhean) x 100 
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TABLE F4. FEED AND COMPOUND CONSUMPTION BY FEMALE MICE IN THE TWO-YEAR FEED 
STUDY OF HYDROCHLOROTHIAZIDE 

Week 

Control 
Grams Body
Feed/ Weight

Day (a) (grams) 

Grams 
Feed/

Day (a) 

Low Dose 
Body 

Weight
(grams) 

Dose/ 
Day (b) 

Grams 
Fee& 

Day (a) 

High Dose 
Body 

Weight
(grams) 

Dose/ 
Day (b) 

1 3.0 19.2 2.8 19.1 366 2.7 18.7 722 
5 3.5 21.9 3.6 21.8 413 3.7 21.7 853 
10 3.5 24.7 3.5 24.7 354 3.4 24.0 708 
16 3.8 25.8 3.4 25.1 339 3.7 25.2 734 
20 3.8 27.4 3.8 26.9 353 3.7 26.7 693 
24 4.1 28.5 4.1 28.4 361 4.1 28.0 732 
28 3.8 29.9 3.9 29.0 336 3.7 28.9 640 
32 3.8 30.4 4.1 30.4 337 4.1 30.5 672 
37 3.6 31.0 3.6 30.3 297 3.5 30.4 576 
40 3.7 31.3 4.0 31.2 321 3.9 31.3 623 
45 3.6 32.4 3.6 31.9 282 3.6 31.6 570 
49 3.9 33.8 4.0 33.3 300 4.0 32.9 608 
54 3.7 34.2 3.8 33.9 280 3.8 33.5 567 
58 4.0 35.1 4.2 34.9 301 4.2 34.1 616 
62 4.2 36.5 4.4 36.3 303 4.4 36.2 608 
68 3.6 38.9 4.0 38.5 260 3.7 38.7 478 
72 3.9 39.6 3.8 39.7 239 3.9 40.0 488 
76 3.9 41.4 4.0 40.6 246 3.9 40.2 485 
80 3.8 41.5 4.0 41.6 240 3.9 41.1 474 
84 3.8 41.5 3.9 41.0 238 3.9 41.3 47 2 
88 4.0 41.8 4.1 40.6 252 4.0 40.8 490 
92 4.3 41.3 4.3 39.1 275 4.2 39.4 533 
96 4.1 40.1 4.2 40.3 261 3.9 37.2 524 
100 3.9 39.5 4.1 38.7 265 4.0 36.4 549 
104 4.3 40.3 4.3 39.0 276 4.1 37.1 553 

Mean 3.8 33.9 3.9 33.5 300 3.8 33.0 599 
SD(c)
CV(d) 

0.3 
7.9 

0.3 
7.7 

47 
15.7 

0.3 
7.9 

101 
16.9 

(a)Crams of feed removed from the feeder; not corrected for scatter. 
(b)Estimated milligrams of hydrochlorothiazide consumed per day per kilogram of body weight 
(c) Standard deviation 
(d)Coefficient of variation = (standard deviatiodmean) X 100 
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APPENDIX G 

INGREDIENTS, NUTRIENT COMPOSITION, AND 

CONTAMINANT LEVELS 

IN NIH 07 RAT AND MOUSE RATION 
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(Manufactured by Zeigler Bros., Inc., Gardners, PA) 
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TABLE Cl.  INGREDIENTS OF NIH 07 RAT AND MOUSE RATION (a) 

Ingredients (b) 

Ground #2 yellow shelled corn 
Ground hard winter wheat 
Soybean meal (49% protein) 
Fish meal (60% protein) 
Wheat middlings 
Dried skim milk 
Alfalfa meal (dehydrated, 17% protein) 
Corn gluten meal (60%protein) 
Soy oil 
Dried brewer's yeast 
Dry molasses 
Dicalcium phosphate 
Ground limestone 
Salt 
Premixes (vitamin and mineral) 

(a)NCI, 1976; NIH, 1978 
(b)Ingredients ground to pass through a U.S.Standard Screen No. 16 before being mixed 

TABLE G2. VITAMINS AND MINERALS IN NIH 07 RAT AND MOUSE RATION (a) 

Vitamins 

A 
D3 
K3 
d-a-Tocopheryl acetate 
Choline 
Folic acid 
Niacin 
d-Pantothenic acid 
Riboflavin 
Thiamine 
B12 
Pyridoxine
Biotin 

Minerals 

Iron 

Manganese

Zinc 

Copper

Iodine 

Cobalt 


Amount 

5,500,000 IU 
4,600,000 IU 

2.8 g 
20,000 IU 

560.0 g 
2.2 g

30.0 g 
18.0 g 
3.4 g 

10.0g 
4,000 pg 

1.7g
140.0 mg 

120.0g 
60.0 g 
16.0 g 
4.0 g 
1.4g
0.4g 

(a) Per ton (2,000 lb) of finished product 
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Percent by Weight 

24.50 
23.00 
12.00 
10.00 
10.00 
5.00 

4.00 
3.00 
2.50 
2.00 
1.50 
1.25 
0.50 

0.50 

0.25 

~~ 

Source 

Stabilized vitamin A palmitate or acetate 
D-activated animal sterol 
Menadione 

Choline chloride 

d-Calcium pantothenate 

Thiamine mononitrate 

Pyridoxine hydrochloride 
d-Biotin 

Iron sulfate 
Manganous oxide 
Zinc oxide 
Copper sulfate 
Calcium iodate 
Cobalt carbonate 



TABLE G3. NUTRIENT COMPOSITION OF NIH 07 RAT AND MOUSE RATION 

Mean f Standard 
Nutrients Deviation 

Crude protein (percent by weight) 23.53 f 0.81 
Crude fat (percent by weight) 
Crude fiber (percent by weight) 
Ash (percent by weight) 

Amino Acids (percent of total diet) (a) 

Arginine 

Cystine

Glycine

Histidine 

Isoleucine 

Leucine 

Lysine

Methionine 

Phenylalanine

Threonine 

Tryptophan 

Tyrosine

Valine 


4.92 C 0.55 
3.29 k 0.26 
6.43 k 0.40 

1.260 

0.395 

1.175 

0.553 

0.908 

1.905 

1.250 

0.310 

0.967 

0.834 

0.175 

0.587 

1.085 


Essential Fatty Acids (percent of total diet) (a) 

Linoleic 

Linolenic 

Arachidonic 


Vitamins (a) 

Vitamin A (IUkg) 

Vitamin D (IUkg) 

a-Tocopherol (ppm) 

Thiamine (ppm) 

Riboflavin (ppm) 

Niacin (ppm) 

Pantothenic acid (ppm) 

Pyridoxine (ppm) 

Folic acid (ppm) 

Biotin (ppm) 

Vitamin B,z (ppb) 

Choline (ppm) 


Minerals (a) 

Calcium (percent) 

Phosphorus (percent) 

Potassium (percent) 

Chloride (percent) 

Sodium (percent) 

Magnesium (percent) 

Sulfur (percent) 

Iron (ppm) 

Manganese (ppm) 

Zinc (ppm) 

Copper (ppm) 

Iodine (ppm) 

Chromium (ppm) 

Cobalt (ppm) 


2.37 

0.308 

0.008 


12,167 k 4,192 
6,300 
37.6 


16.2 -+ 2.3 

6.9 

75 


30.2 

7.2 

2.1 

0.24 

12.8 

3,315 


1.23 k 0.11 

0.97 k 0.03 
0.809 

0.557 

0.304 

0.172 

0.278 

418 

90.8 

55.1 

12.68 

2.58 

1.86 

0.57 


Range 

22.2-25.1 

3.3-5.7 

2.9-3.8 

5.7-7.24 


1.21-1.31 

0.39-0.40 

1.15-1.20 

0.530-0.576 

0.881-0.934 

1.85-1.96 

1.20-1.30 

0.306-0.314 

0.960-0.974 

0.827-0.840 

0.17 1-0.178 

0.566-0.607 

1.05-1.12 


7,500-24,000 


31.1-44.0 

12.0-21.o 

6.1-7.4 

65-85 


29.8-30.5 

5.6-8.8 

1.8-2.4 


0.21-0.27 

10.6-15.0 

3,200-3,430 


1.08-1.44 

0.88-1.00 

0.772-0.846 

0.479-0,635 

0.258-0.349 

0.166-0.177 

0.270-0.285 

409-426 

86.0-95.5 

54.2-56.0 

9.65-15.70 

1.52-3.64 

1.79- 1.93 

0.49-0.65 


Number of Samples 

24 

24 

24 

24 


2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 


1 

1 

1 


24 

1 

2 

24 

2 

2 

2 

2 

2 

2 

2 

2 


24 

24 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 


~ ~ ~~~~~~ _ _ _  

(a )  One or two batches of feed analyzed for nutrients reported in this table were manufactured in January and/or April 1983. 
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TABLE G4. CONTAMINANT LEVELS IN NIH 07 RAT AND MOUSE RATION 

Mean k Standard 
Contaminants Deviation Range Number of Samples 

Arsenic (ppm) 

Cadmium (ppm) (a) 

Lead (ppm) 

Mercury (ppm) (a)

Selenium (ppm) 

Aflatoxins (ppb) (a,b) 

Nitrate nitrogen (ppm) (c) 

Nitrite nitrogen (ppm) (c) 

BHA (ppm) (d) 

BHT (ppm) (d) 

Aerobic plate count (CFU/g) (ef) 

Aerobic plate count (CFU/g) (g) 

Coliform (MPN/g) (h,i) 

Coliform (MPN/g) (j)

E. coli (MPNlg) (a)

Total nitrosamines (ppb) (k)

N-Nitrosodimethylamine (ppb) (k) 

N-Nitrosopyrrolidine (ppb) 


Pesticides (ppm)(c) 

a-BHC (a# 

B-BHC (a) 

y-BHC-Lindane (a) 

8-BHC (a) 

Heptachlor (a) 

Aldrin (a) 

Heptachlor epoxide (a) 

DDE (a) 

DDD (a) 

DDT (a) 

HCB (a) 

Mirex (a) 

Methoxychlor (m) 

Dieldrin (a) 

Endrin (a) 

Telodrin (a) 

Chlordane (a) 

Toxaphene (a) 

Estimated PCBs (a) 

Ronnel (a) 

Ethion (a) 

Trithion (a) 

Diazinon (a)

Methyl parathion (a) 

Ethyl parathion (a) 

Malathion (n) 

Endosulfan I (a)

Endosulfan II (a) 

Endosulfan sulfate (a) 


0.51 f 0.13 
<0.10 

0.84 f 0.81 
<0.05 

0.29 	 k 0.06 
c 5  

9.80 f 4.44 
2.21 f 1.58 
5.80 f 4.96 
3.07 f 2.71 

39,761 f 32,066 
76,854 f 184,406 

14.2 f 22.4 
51.4 f 127.7 

< 3  
3.87 f 2.56 
2.74 f 2.40 
1.05 f 0.60 

co.01 
<0.02 
co.01 
co.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
co.01 
co.01 
<0.05 
<0.01 
co.01 
co.01 
<0.05 

<0.1 
<0.2 
<0.01 
<0.02 
<0.05 
<0.1 
<0.02 
<0.02 

0.09 f 0.06 

co.01 

co.01 

<0.03 


0.29-0.77 

0.33-3.37 

0.13-0.40 

1.9-22.0 

2.O- 17.O 

2.0-17.0 

0.9-12.0 


4,900-110,000 

4,900-930,000 


<3-93 

<3-460 


0.8-9.3 

0.8-9.3 


<0.3-2.9 


0.09 (8/26/81) 

<0.05-0.27 

24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
23 
24 
23 
24 
24 
24 
24 
24 

24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
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TABLE G4. CONTAMINANT LEVELS IN NIH 07 RAT AND MOUSE RATION (Continued) 

ia) All values were less than the detection limit, given in the table as  the mean. 
ib) Detection limit reduced from 10 ppb to 5 ppb after 7/81 
(c )  Source of contamination: alfalfa, grains, and fish meal 
(d)Source of contamination: soy oil and fish meal 

i e )  CFU = colony-forming units 

(0Mean, standard deviation, and range exclude one very high value of 930,000 obtained for the batch produced on 12/22/82. 

Ig)Mean, standard deviation, and range include the high value given in (D. 

ih) MPN = most probable number 

I i )  Excludes one very high value of460 obtained for the batch produced on 9/23/82. 

( j) Includes the high value listed in (i). 
(k)All values were corrected for percentage recovery. 
(1) BHC = hexachlorocyclohexaneor benzene hexachloride 
( m )One observation was above the detection limit; the value and the date it was obtained are given under the range. 
in) Eleven batches contained more than 0.05 ppm. 
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TERATOLOGIC EVALUATION OF 


HYDROCHLOROTHIAZIDE 
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APPENDIX H. TERATOLOGIC EVALUATION 

A study of teratologic effects of hydrochlorothiazide in rats and mice was conducted at the Research 
Triangle Institute under the sponsorship of the National Toxicology Program (NCTR contract num- 
ber 222-80-2031[~]). The laboratory report is on file at NTP, National Institute of Environmental 
Health Sciences, Research Triangle Park, North Carolina. 

Materials and Methods 

Hydrochlorothiazide (lot no. 44-779-CA from Abbott Laboratories, North Chicago, Illinois) was ad- 
ministered in food-grade corn oil by gavage (dose volume: 10 ml/kg) to timed-pregnant CD@ rats (0, 
100,300, or 1,000 mg/kg per day) and CD@-1 mice (0,300, 1,000, or 3,000 mg/kg per day). Dose selec- 
tion was based on the results of preliminary maternal and embryo toxicity studies conducted on ges- 
tational days 6 through 15. Females were weighed and observed during compound administration 
and 4 hours after dosing for clinical signs of toxicity. 

Male rats were housed individually and female rats were housed four per cage on Ab-Sorb-Dri@ cage 
bedding (Laboratory Products, Garfield, New Jersey) in solid-bottom polypropylene or polycarbonate 
cages (Laboratory Products, Rochelle Park, New Jersey). Male mice were housed individually in 
solid-bottom polycarbonate cages, and females were housed 10per cage in solid-bottom polypropylene 
or polycarbonate cages (Laboratory Products, Rochelle Park, New Jersey). 

Purina Certified Rodent Chow@ (5002) and deionized/filtered water were available ad  libitum 
throughout the study. Animal holding rooms were equipped with individual temperature controls 
and automatic adjustable light cycles (lights on 7:OO a.m. to 7:OO p.m.). 

‘Thirty-six rat dams per dose group were killed and evaluated on gestational day 20; 20-27 mouse 
dams per dose group were evaluated on gestational day 17. The gravid uterus of each dam was 
weighed, and the number of implantation sites and of live, dead, or resorbed fetuses was recorded. All 
live fetuses were weighed and examined for external, visceral, and skeletal malformations. 

Several statistical procedures were employed to aid in analysis of data from these studies, and these 
are fully described in the laboratory report. Nonparametric statistical procedures were applied to 
data from preliminary toxicity studies, with the litter used as  the experimental unit for measures of 
embryotoxicity and fetotoxicity. One-way ANOVA was used to test for differences among dose 
groups, with followup comparisons using the Mann-Whitney U test, Jonckheere’s test, and the Fisher 
exact test. For data collected in the teratology study, Farametric evaluation of the dose effect and rep- 
licate effect and tests of interactions were conducted by using appropriate ANOVA designs. 

Results 

Compound-related effects during exposure included piloerection, weight loss, diarrhea, chromo- 
dacryorrhea, light-colored feces, and bloody urogenital area for the rat dams and weight loss, pilo- 
erection, lethargy, and rough coats for the mouse dams. None of the dams died during the exposure 
period. The maternal body weight of dosed rats was significantly lower than that of vehicle controls 
on gestational days 11 and 15.  The maternal liver and relative kidney weights of dosed rats were sig- 
nificantly lower than those of vehicle controls. The maternal body weight of dosed mice was not sig- 
nificantly lower than that of vehicle controls. z 

Rats: Hydrochlorothiazide had no effect on gravid uterine weight, maternal water consumption, 
number of corpora lutea per dam, implantation sites per litter, percentage preimplantation loss, or 
the number or proportion of resorbed, dead, nonlive (i.e., dead plus resorbed) or affected (i.e., nonlive 
plus malformed) fetuses. Likewise, neither the number nor the proportion of litters with resorbed, 
dead, nonlive, or affected fetuses in any dose group was significantly different from that in vehicle 
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controls. In those litters containing live fetuses, there were no differences among dose groups in the 
number of live fetuses per live litter, the proportion of males per live litter, or the average fetal body 
weight per litter. In addition, hydrochlorothiazide had no effect on the number or proportion of litters 
with malformed fetuses or on the number or proportion of malformed male or female pups per litter. 

Mice:  The number of corpora lutea per dam differed among dose groups and was inconsistent across 
replicates and thus was not considered to be biologically significant. There were no dose-related dif- 
ferences in the number or proportion per litter of resorbed, dead, nonlive, or affected fetuses. 
Likewise, the number or proportion of litters with resorbed, dead, nonlive, or affected fetuses was not 
significantly different from that of vehicle controls in any dosed group. 

In those litters containing live fetuses, there were no differences among dose groups in the number of 
live fetuses per live litter, the proportion of males per live litter, or the average fetal body weight per 
litter. There was a significant dose-response trend for the absolute number of litters with malformed 
fetuses, the proportion of malformed fetuses per litter, and the proportion of malformed females per 
litter. These trends were based solely on the occurrence of two malformed female fetuses (out of a 
total of 1,041 male and female fetuses examined) in the 3,000 mg/kg group and a malformation inci- 
dence of 0% for female fetuses from the vehicle control, 300 mg/kg, and 1,000 mg/kg groups and for 
male fetuses from the vehicle control and all dosed groups. 

Conclusions 

Hydrochlorothiazide (0, 100, 300, or 1,000 mg/kg per day) administered to rats on gestational days 6 
through 15 produced no dose-related fetal toxicity and did not increase significantly the incidence of 
malformations in CD@ rats, even in the presence of significant maternal toxicity. Hydrochlorothia- 
zide (0,300, 1,000,or 3,000 mg/kg per day) administered to mice on gestational days 6 through 15 pro-
duced no dose-related maternal or fetal toxicity and did not increase significantly the incidence of 
malformations in CD@-1mice. 

187 Hydrochlorothiazide,NTP TR 357 



Hydrochlorothiazide, NTP TR 357 188 



APPENDIX I 

METHODS FOR MEASURING 


BLOOD-CLOTTING ACTIVITY 


189 Hydrochlorothiazide, M” TR 357 



APPENDIX I. MEASURING BLOOD-CLOTTING ACTIVITY 


I. Samples 

Nine parts of freshly collected blood were mixed with one part of 3.8%sodium citrate solution. As 
soonas possible, blood was centrifuged for 5 minutes a t  3,000 rpm. Plasma was removed immediakely 
from cells, and the plasma container was stoppered. The plasma was then frozen in a dry ice/metha- 
no1bath, and mailed frozen to the NTP. At the NTP, the samples were thawed. 

II. Fibrometer 

The overall activity of the blood factors was measured by a fibrometer. The fibrometer uses a moving 
electrode that is located in front of a stationary electrode on the probe arm. When a coagulation time 
is being measured, the moving electrode cycles through the plasma- thromboplastin mixture every 
half second until a clot is formed. This clot formation triggers an electronic circuit that stops the 
timer. 

III. Prothrombin Time 

The calcium in whole blood is bound by added sodium citrate; thus, cclagulation is prevented. When 
thromboplastin-C is added to plasma, factor VII in the plasma reacts with a tissue factor to form a re-
action product that converts factor X to its activated form, factor Xa; this in turn reacts with factor v, 
calcium, and the phospholipid in the tissue extract to form extrinsic prothrombinase, which converts 
prothrombin to thrombin. Thrombin then converts fibrinogen to fibrin. The rate of fibrin formation 
depends on the concentration of factors V, VII, and X and of prothrombin and fibrinogen; the test 
measures the overall activity of these factors. 

Reconstituted Dade thromboplastin-C (rabbit brain) was used for the test, which was conducted a t  
37"C, and four plasma controls were used: 

Dade Level I normal plasma control 

Dade Level II abnormal plasma control 

Dade Level III abnormal plasma control 

Pooled normal plasma control 


IV. Activated Partiai Thromboplastin Time Test 

The activated partial thromboplastin time test was used to screen for deficiencies of the plasma co- 
agulation factors except for factors VII and XIII. This test is generally more sensitive than the partial 
thromboplastin time test. 

One of the chief variables in the partial thromboplastin time test is the surface area of glass with 
which the blood has contact before the test is performed. The activated partial thromboplastin time 
test eliminates this contact variable by assuring complete activation through addition of a controlled 
plasma activator, actin, to the partial thromboplastin reagent. 

The calcium in whole blood is bound by added sodium citrate; thus, coagulation is prevented. After 
centrifugation, the plasma contains all intrinsic coagulation factors except calcium and platelets. 
Calcium chloride, a phospholipid substitute for platelets (partial thromboplastin), and actin, which 
ensures maximal activation, are added to the plasma. 

The time required for the plasma to clot--the activated partial thromboplastin time--was measured 
with a fibrometer. 

Hydrochlorothiazide, NTP TR 357 190 



APPENDIX I. MEASURING BLOOD-CLOTTING ACTIVITY 

The sample was thawed a t  the NTP. Actin (activated cephaloplastin reagent) was mixed by inversion 
immediately before use. Four plasma controls were used for the test, which was conducted a t  37"C: 

Dade Level I normal plasma control 

Dade Level II abnormal plasma control 

Dade Level III abnormal plasma control 

Pooled normal plasma control 


V. Fibrinogen Determinations 

Fibrinogen is cleaved by the enzyme thrombin to form fibrin monomers, which then aggregate and 
form the fibrin clot. Thrombin is added in excess so that fibrinogen is the only rate-limiting factor in 
the reaction. The time required to form the clot is then a function only of the fibrinogen level. 

Data-Fi Thrombin Reagent, Data-Fi Fibrinogen Calibration Reference, two plasma controls (Dade 
Level I normal plasma control and Dade Level II abnormal plasma control), and Owren's Verona1 
Buffer (adjusted to pH 7.35with hydrochloric acid) were used. The test was conducted a t  37.5"C. The 
clotting time was determined with a fibrometer, and the fibrinogen concentration was determined 
from a standard curve. 
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APPENDIX J. AUDIT SUMMARY 

~~~ ~ ~~ ~ ~ ~~ ~ 

The experimental data, documents, the draft Technical Report, and pathology specimens for the 1-
and 2-year studies of hydrochlorothiazide in rats and mice were audited for accuracy, consistency, 
completeness, and compliance with Good Laboratory Practice regulations of the Food and Drug Ad- 
ministration (fully implemented by the National Toxicology Program (NTP) beginning on October 1, 
1981). The laboratory studies were conducted for the NTP by SRI International, Menlo Park, 
California. Animal exposures to the chemical in feed began in October 1981. The retrospective audit 
was conducted for the National Institute of Environmental Health Sciences (NIEHS) a t  the NTP 
Archives during November and December 1987 by Dynamac Corporation. The audit of pathology 
specimens was conducted in June 1986 by Dynamac Corporation. The full audit report is on file a t  the 
NIEHS. The audit included a review of the following: 

All records concerning animal receipt, quarantine, randomization, and disposition prior to 
study start. 
All inlife records, including protocol, correspondence, dosing, environmental conditions, ani- 
mal husbandry, mortality, animal identification, and serology. 
Body weight and clinical observation data for a random 10% sample of the study animals in 
each dose group. 
All chemistry records. 
All postmortem records for individual animals concerning disposition codes, condition codes, 
tissue accountability, correlation of masses or clinical signs recorded a t  the last inlife observa- 
tion with gross observations and microscopic diagnoses, and correlations between gross obser- 
vations and microsopic diagnoses. 
All wet tissue bags for inventory, and wet tissues from a random 20% sample of the untreated 
and high dose rat  and all mouse dose groups, plus other relevant cases to verify animal identity 
and to examine for untrimmed potential lesions. 
Blocks and slides of tissues from a random 20% sample of animals to examine for proper match 
and inventory. 
Tabulated pathology diagnoses for a random 10% sample of animals to verify computer data 
entry. 
Correlation between the data, results, and procedures for the 2-year studies presented in the 
preliminary draft of the Technical Report and the records available a t  the NTP Archives. 

The audit showed that inlife procedures and events were documented by archival records, with minor 
exceptions that were explained in the laboratory's final reports. The archival records indicated that 
doses were prepared and administered to animals according to protocols and that feed consumption 
measurements were computed accurately. Of the external masses noted inlife, 178/183 in rats and 
38/40in mice were correlated with necropsy observations. The inlife mode and date of death records 
for all early-death animals were correlated with necropsy records. The analytical chemistry records 
from the study laboratory were present and accurate, and they documented procedures adequately. 

Inspection of residual wet tissues for individual animal identifiers (punched ears) showed that 29/42 
rats and 59/62 mice were identified correctly. Although ears for the other animals were documented 
as not saved, other toxicology and pathology audit findings corroborated the animal identity through- 
out the studies. The audit found untrimmed potential lesions in one rat and three mice. It also re- 
vealed that the residual segments of the intestinal tract were not completely opened and that a few 
hollow organs in the low dose mouse group were not incised or opened for full examination. No poten- 
tial lesions were visible by external examination during the audit. All gross observations made a t  
necropsy were found to have a corresponding microscopic diagnosis. Full details about these and 
other audit findings are presented in the audit report, which was reviewed by NTP staff when the 
study interpretations were prepared. 

In conclusion, the data and results presented in the preliminary draft of'the Technical Report for the 
2-year studies of hydrochlorothiazide are supported by the records a t  the NTP Archives. 
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