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After sperm motility estimates, each left cauda epididymis was placed in buffered saline 

solution (0.9%). Cauda were gently minced, and the tissue was incubated in the saline 

solution and then heat fixed at 65°C.  Sperm density was then determined 

microscopically with the aid of a hemacytometer.  To quantify spermatogenesis, 

testicular spermatid head count was determined by removing the tunica albuginea and 

homogenizing the left testis in phosphate buffered saline containing 10% dimethyl 

sulfoxide (DMSO).  Homogenization-resistant spermatid nuclei were enumerated using 

a hemacytometer. 

Histoautoradiographic Evaluation of Respiratory Tract 
Additional rats and mice were included in the study to quantify cell proliferation in the 
respiratory tract following whole-body inhalation exposure to glutaraldehyde for 
four time points.  Male and female F344/N rats and B6C3F1 mice were exposed to 0, 
62.5, 125, 250, 500, or 1000 ppb glutaraldehyde, and five rats and five mice per sex 
per exposure level were evaluated after 1 or 4 days or 6 or 13 weeks of exposure. 
Eighteen hours after the last glutaraldehyde exposure, and 2 hours before sacrifice, 
each animal was treated with tritiated thymidine, a DNA precursor used to detect cells 
in S-phase. Each animal received a single intraperitoneal injection of 2 µCi tritiated 
thymidine per gram body weight. 

Each animal was anaesthetized with an overdose of intraperitoneally administered 
pentobarbital and exsanguinated via the abdominal aorta.  All tissues, including gross 
lesions and the duodenum, complete respiratory tract, and tail (for animal 
identification), were fixed in 10% neutral buffered formalin.  The nasal passages and 
larynx were flushed retrogradely with fixative via the trachea, the lungs were gently 
inflated with fixative, and the trachea was tied off.  A tag was attached to the zygomatic 
arch to identify the heads, which were then decalcified in 5% formic acid with ion 
exchange resin.  Tissue blocks were trimmed to provide the following set of sections: 
six transverse sections of the nose (Morgan, 1991), two transverse sections of the 
trachea, a frontal section of the carina, a longitudinal section of the left lung to include 
the major bronchus and longitudinal profiles of several tertiary airways, and a 
transverse section of the duodenum. The tissue blocks were embedded in paraffin wax, 
sectioned, and either stained with hematoxylin and eosin for histopathologic 
examination or prepared for light microscopic autoradiography. 

Histopathologic findings were entered into the XYBION PATHTOX computerized database. 
The majority of findings were given a subjective score for severity, based on a scale of 1 to 5 
as follows: 1=minimal, of doubtful biological significance; 2=mild, a clear lesion but very 
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limited in extent and/or severity; 3=moderately severe; 4=severe; and 5=very severe. 

Sections for autoradiography, selected on the basis of histopathology (see below) were 

de-paraffinized, dipped in Kodak autoradiography emulsion (NTB-2; Dupont), and 

exposed for 10 weeks at –20°C.  Slides were developed in Kodak D-19 (Kodak, 

Rochester, NY) developer and stained with hematoxylin and eosin.  Two sites were 

selected for histoautoradiographic analysis:  (a) the pseudostratified respiratory 

epithelium of the dorsal atrioturbinate and (b) the squamous epithelial lining of the 

most anterior section of the nasal vestibule.  Cells of these regions having more than 

10 silver grains over the nucleus were counted as being in S-phase, and basement 

membrane lengths for the same regions were measured using a Zeiss Videoplan (Carl 

Zeiss Inc., New York, NY).  Results were expressed as the number of labeled cells per 

millimeter basement membrane (Monticello et al., 1990). 

A summary of the results, the time course of selected histologic findings (Tables E1 

through E4), and results of cell replication analyses in the nasal vestibule and dorsal 

atrioturbinate (Tables E5 and E6) are in Appendix E.  These cell proliferation studies 

were performed in collaboration with Dr. Kevin Morgan and Elizabeth Gross of the 

Chemical Industry Institute of Toxicology (Gross et al., 1992). 
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TABLE 2 Experimental Design and Materials and Methods 
in the 2-Week and 13-Week Inhalation Studies of Glutaraldehyde 

EXPERIMENTAL DESIGN 

Study Laboratory Battelle Pacific Northwest Laboratories, Richland, WA 

Size of Study Groups 2-Week Studies:  5 males and 5 females of each species per dose group 

 13-Week Studies: 

Core Studies: 10 males and 10 females of each species per dose group 

Clinical Pathology Study (rats only):  10 males and 10 females per dose group 

Histoautoradiographic Studies: 5 males and 5 females of each species per dose group at 

each of four time points 

Exposure Concentrations/
Duration 

 2-Week Studies: 

Duration: 6 hours plus 20 minutes per day, 5 days per week for 12 exposure days 

 Exposure concentrations: 

Rats: 0, 0.16, 0.5, 1.6, 5.0, or 16.0 ppm 

Mice: 0, 0.16, 0.5, 1.6, 5.0, or 16.0 ppm 

 13-Week Studies: 

Duration: 6 hours plus 30 minutes per day, 5 days per week for 13 weeks 

 Exposure concentrations: 

Rats: 0, 62.5, 125, 250, 500, or 1000 ppb 

Mice: 0, 62.5, 125, 250, 500, or 1000 ppb 

Date of First Exposure 2-Week Studies: 

Rats: 3 August 1987 

Mice: 4 August 1987 

 13-Week Studies: 

Rats: males, 18 September 1989; females, 19 September 1989 

Mice: 19 September 1989 

Date of Last Exposure 2-Week Studies: 

Rats: 18 August 1987 

Mice: 19 August 1987 

 13-Week Studies: 

Rats: males, 18 December 1989; females, 19 December 1989 

Mice: males, 20 December 1989; females, 21 December 1989 

Type and Frequency
of Observation 

 2-Week Studies: 

Observed two times per day, 7 days per week, for mortality/morbidity and up to three times 

per day for clinical signs of toxicity on each exposure day.  Animals were weighed on Days 1 

and 8 and at necropsy. 

13-Week Studies: 

Observed two times per day.  Clinical signs of toxicity were recorded weekly.  Body weights 

were recorded at study initiation, weekly thereafter, and at necropsy. 

Necropsy and Histologic 
Examinations

All animals received a complete necropsy. 

 2-Week Studies: 

All tissues from all animals were saved in 10% neutral buffered formalin.  In addition to 

organs with gross lesions, histopathologic evaluations were conducted on the following 

tissues from all treated and control animals:  larynx (transverse sections), lungs and 

attached tracheobronchial lymph nodes, nasal cavity (three sections), and trachea 

(longitudinal and transverse sections). 
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TABLE 2 Experimental Design and Materials and Methods
 
in the 2-Week and 13-Week Inhalation Studies of Glutaraldehyde (continued)
 

Necropsy and Histologic


Examinations (continued) 


Supplemental Evaluations
 

 13-Week Studies: 
The protocol required that tissues be examined microscopically in all control 
animals, all animals in the highest dose group with at least 60% survivors, and all 
animals in the higher dose groups. In addition to any gross lesions, tissue 
masses, or suspect tumors, along with regional lymph nodes, tissues to be 
examined were:  adrenal glands, bone (femur, diaphysis with marrow cavity and 
epiphyseal cartilage plate, articular cartilage and articular surface), brain (3 
sections), clitoral glands, esophagus, eyes (if grossly abnormal), gallbladder 
(mice), heart, intestine (large: cecum, colon, rectum; small: duodenum, jejunum, 
ileum), kidneys, larynx, liver, lungs and mainstem bronchi, lymph nodes 
(bronchial, mandibular, mediastinal, mesenteric), mammary glands (including 
surface skin), muscle (thigh), nasal cavity and turbinates (3 sections), ovaries, 
pancreas, parathyroid glands, pituitary gland, preputial glands, prostate gland, 
salivary glands, seminal vesicles, spinal cord and sciatic nerve (if neurologic 
signs present), spleen, stomach (forestomach and glandular stomach), testes 
with epididymis, thymus, thyroid gland, trachea, urinary bladder, and uterus.  In 
rats at all lower dose levels, the following target organs were examined 
microscopically:  nasal cavity and all gross lesions.  In mice, target organs 
identified during examination of the high-dose group were examined at lower 
doses and included: larynx, nasal cavity, thymus, spleen, lymph nodes, bone 
marrow, and epididymides. 

Clinical Pathology (rats only): 
Clinical pathology studies were performed on designated male and female rats at 
4 and 24 days and on core-study rats at the end of the study (Day 94). 
Hematology studies included erythrocyte count and morphologic assessment, 
hematocrit, hemoglobin concentration, mean cell hemoglobin (MCH), mean cell 
hemoglobin concentration (MCHC), mean cell volume (MCV), leukocyte count 
with differential, platelet count and morphologic assessment, reticulocyte count, 
and volume of packed red blood cells (VPRC).  Clinical chemistry studies 
included alanine aminotransferase (ALT), albumin, albumin/globulin (A/G) ratio, 
alkaline phosphatase, creatine kinase (CK), creatinine, globulin, sorbitol 
dehydrogenase (SDH), total bile acids, total protein, and urea nitrogen (UN). 

Sperm Morphology/Vaginal Cytology: 
Sperm morphology/vaginal cytology studies were performed at the end of the 13
week studies.  Male rats and mice exposed to 0, 62.5, 250, 500 (mice), or 
1000 ppb (rats) were evaluated for necropsy body and reproductive tissue 
weights and spermatozoal data.  Female rats and mice exposed to 0, 62.5, 250, 
500 (mice), or 1000 ppb (rats) were evaluated for necropsy body weight, estrous 
cycle length, and the percent of cycle spend in the various stages. 

Histoautoradiographic Evaluation of Respiratory Tract: 
Rats and mice exposed to 0, 62.5, 125, 250, 500, or 1000 ppb for 1 or 4 days or 
6 or 13 weeks were evaluated for incidence and severity of nasal lesions.  Cell 
replication data for the nasal vestibule and dorsal atrioturbinate were also 
determined. Complete details are provided in Appendix E.  These studies were 
performed in collaboration with the Chemical Industry Institute of Toxicology. 
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TABLE 2 Experimental Design and Materials and Methods  

in the 2-Week and 13-Week Inhalation Studies of Glutaraldehyde (continued)
 

ANIMALS AND ANIMAL MAINTENANCE 

Strain and Species F344/N Rats 
B6C3F1 Mice 

Animal Source 2-Week Studies:  Taconic Farms, Germantown, NY 
13-Week Studies:  Simonsen Laboratories, Gilroy, CA 

Time Held Before Study 2-Week Studies:  rats, 11 days; mice, 12 days 
13-Week Studies:  rats, 11 days (males), 12 days (females); mice, 12 

days 

Age When Placed on Study 2-Week Studies:  rats, 7 weeks; mice, 7 weeks 
13-Week Studies:  rats, 6 weeks; mice, 6 weeks  

Age When Killed 2-Week Studies:  rats, 9 weeks; mice, 9 weeks 
13-Week Studies:  rats, 19 weeks; mice, 18 weeks  

Method of Animal Distribution Animals were weighed and randomized using a Xybion® computer 
program (partitioning algorithm). 

Diet	 NIH-07 Open Formula Pellets (Zeigler Brothers, Inc., Gardners, PA) 
available ad libitum, except during daily exposure period 

Animal Room Environment	 Rats and mice were housed in individual cages in the exposure chambers for 
all studies. Temperature was maintained at 75° ± 3°F and relative humidity 
at 55% ± 15%, with 15 ± 3 air changes per hour.  Fluorescent light was 
provided for 12 hours per day. 

Genetic Toxicity Studies 
SALMONELLA TYPHIMURIUM MUTAGENICITY TEST PROTOCOL 

Testing was performed as reported by Haworth et al. (1983) and Zeiger et al. (1992). 
Glutaraldehyde was sent to the laboratory as a coded aliquot.  It was incubated with 
Salmonella typhimurium tester strains (TA98, TA100, TA1535, TA1537, TA102, or 
TA104) either in buffer or S9 mix (metabolic activation enzymes and cofactors from 
Aroclor 1254-induced male Sprague-Dawley rat and Syrian hamster liver) for 20 
minutes at 37°C.  Top agar supplemented with l-histidine and d-biotin was added, and 
the contents of the tubes were mixed and poured onto the surfaces of minimal glucose 
agar plates.  Histidine-independent mutant colonies arising on these plates were 
counted following 2 days of incubation at 37°C. 

Each trial consisted of triplicate plates of concurrent positive and negative controls and of 
at least five doses of glutaraldehyde.  The high dose was limited by toxicity.  All positive 
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assays were repeated under the conditions that elicited the positive response. If no 
positive responses were seen, all negative assays were repeated. 

MOUSE LYMPHOMA MUTAGENICITY TEST PROTOCOL 

The experimental protocol is presented in detail by McGregor et al. (1988). 

Glutaraldehyde was supplied as a coded aliquot.  The high dose of 8 µg/mL was 

determined by toxicity.  Mouse lymphoma L5178Y cells were maintained at 37°C as 

suspension cultures in Fischer's medium supplemented with l-glutamine, sodium 

pyruvate, pluronic F68, antibiotics, and heat-inactivated horse serum; normal cycling 

time was approximately 10 hours.  To reduce the number of spontaneously occurring 

trifluorothymidine-resistant cells, subcultures were exposed once to medium containing 

THMG (thymidine, hypoxanthine, methotrexate, and glycine) for 1 day, to THG for 

1 day, and to normal medium for 3 to 5 days. For cloning, horse serum content was 

increased and Noble agar was added. 

All treatment levels within an experiment, including concurrent positive and solvent 

controls, were replicated.  Treated cultures contained 6 x 106 cells in 10 mL of medium. 

Incubation with glutaraldehyde continued for 4 hours, at which time the medium plus 

glutaraldehyde was removed and the cells were resuspended in fresh medium and 

incubated for an additional 2 days to express the mutant phenotype.  Cell density was 

monitored so that log-phase growth was maintained.  After the 48-hour expression 

period, 3 x 106 cells were plated in medium  and soft agar supplemented with 

trifluorothymidine (TFT) for selection of TFT-resistant (TK-/-) cells; 600 cells were plated 

in nonselective medium and soft agar to determine cloning efficiency.  Plates were 

incubated at 37°C in 5% CO2 for 10 to 12 days.  Because a clearly positive response 

was obtained in this assay,  the experiments were not repeated with S9. 

CHINESE HAMSTER OVARY CELL CYTOGENETICS PROTOCOLS 

Testing was performed as reported by Galloway et al. (1985). Glutaraldehyde was sent to 

the laboratory as a coded aliquot.  It was tested in cultured Chinese hamster ovary (CHO) 

cells for induction of sister chromatid exchanges (SCEs) and chromosomal aberrations 

(Abs) both in the presence and absence of Aroclor 1254-induced male Sprague-Dawley rat 

liver S9 and cofactor mix.  Cultures were handled under gold lights to prevent photolysis of 

bromodeoxyuridine-substituted DNA. Each test consisted of concurrent solvent and 
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positive controls and of at least three doses of glutaraldehyde; the high dose was limited 

by toxicity. A single flask per dose was used, and tests yielding equivocal or positive 

results were repeated. 

In the SCE test without S9, CHO cells were incubated for 26 hours with  glutaraldehyde 

in McCoy's 5A medium supplemented with fetal bovine serum, l-glutamine, and 

antibiotics.  Bromodeoxyuridine (BrdU) was added 2 hours after culture initiation. 

After 26 hours, the medium containing glutaraldehyde was removed and replaced with 

fresh medium plus BrdU and Colcemid, and incubation was continued for 2 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 glutaraldehyde, 

serum-free medium, and S9 for 2 hours.  The medium was then removed and replaced 

with medium containing serum and BrdU and no glutaraldehyde, and incubation 

proceeded for an additional 26 hours, with Colcemid present for the final 2 hours. 

Harvesting and staining were the same as for cells treated without S9.  All slides were 

scored blind and those from a single test were read by the same person. 

In the Abs test without S9, cells were incubated in McCoy's 5A medium with 

glutaraldehyde for 8.5 to 12 hours; Colcemid was added and incubation continued for 

2 hours.  The cells were then harvested by mitotic shake-off, fixed, and stained with 

Giemsa.  For the Abs test with S9, cells were treated with glutaraldehyde and S9 for 

2 hours, after which the treatment medium was removed and the cells incubated for 

8.5 to 12 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.  Cells were 

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

(21 ± 2 chromosomes). All slides were scored blind and those from a single test were 

read by the same person.  One hundred first-division metaphase cells were scored at 

each dose level.  Classes of aberrations included simple (breaks and terminal deletions), 

complex (rearrangements and translocations), and other (pulverized cells, despiralized 

chromosomes, and cells containing 10 or more aberrations). 

DROSOPHILA MELANOGASTER SEX-LINKED RECESSIVE LETHAL TEST PROTOCOL 

The assays for induction of sex-linked recessive lethal (SLRL) mutations were performed 

with adult flies as described in Yoon et al. (1985) and with larvae as described in 

Zimmering et al. (1989).  Glutaraldehyde was assayed in the SLRL test by feeding (for 
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3 days) to adult Canton-S wild-type males no more than 24 hours old at the beginning 

of treatment.  Because no response was obtained, it was retested by injection into adult 

males. 

To administer glutaraldehyde by injection, a glass Pasteur pipette was drawn out in a 

flame to a microfine filament and the tip was broken off to allow delivery of the test 

solution. Injection was performed either manually, by attaching a rubber bulb to the 

other end of the pipette and forcing through sufficient solution (0.2 to 0.3 µL) to slightly 

distend the abdomen of the fly, or by attaching the pipette to a microinjector which 

automatically delivered a calibrated volume.  Flies were anaesthetized with ether and 

immobilized on a strip of tape.  Injection into the thorax, under the wing, was 

performed with the aid of a dissecting microscope. 

Toxicity tests were performed to set concentrations of glutaraldehyde at a level that 

would induce 30% mortality after 72 hours of feeding or 24 hours after injection, while 

keeping induced sterility at an acceptable level.  Oral exposure was achieved by 

allowing Canton-S males to feed for 72 hours on a solution of glutaraldehyde in 5% 

sucrose. In the injection experiments, 24- to 72-hour-old Canton-S males were treated 

with a solution of glutaraldehyde and allowed to recover for 24 hours.  A control group 

was also included. For the larval feeding experiment, Canton-S females and males were 

mated and eggs were exposed in vials with standard cornmeal food containing 

glutaraldehyde in solvent (5% ethanol) or solvent alone (Valencia et al., 1989).  Adult 

emergent males were mated at approximately 24 hours of age with two successive 

harems of three to five Basc females to establish two single-day broods.  In the adult 

exposures, treated males were mated to three Basc females for 3 days and given fresh 

females at 2-day intervals to produce three matings of 3, 2, and 2 days (in each case, 

sample sperm from successive matings were treated at successively earlier postmeiotic 

stages).  F1 heterozygous females were mated with their siblings and then 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 

discarded.  Presumptive lethal mutations were identified as vials containing fewer than 

5% of the expected number of wild-type males after 17 days; these were retested to 

confirm the response.   
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Statistical Methods 
ANALYSIS OF CONTINUOUS VARIABLES 

Two approaches were employed to assess the significance of pairwise comparisons 

between dosed and control groups in the analysis of continuous variables.  Organ and 

body weight data, which are approximately normally distributed, were analyzed using 

the parametric multiple comparisons procedures of Williams (1971, 1972) or Dunnett 

(1955).  Clinical chemistry and hematology data, which typically have skewed 

distributions, were analyzed using the nonparametric multiple comparisons methods of 

Shirley (1977) or Dunn (1964). Jonckheere's test (Jonckheere, 1954) was used to 

assess the significance of dose-response trends and to determine whether a trend

sensitive test (Williams, Shirley) was more appropriate for pairwise comparisons than a 

test capable of detecting departures from monotonic dose response (Dunnett, Dunn).  If 

the P-value from Jonckheere's test was greater than or equal to 0.10, Dunn's or 

Dunnett's test was used rather than Shirley's or Williams' test. 

The outlier test of Dixon and Massey (1951) was employed to detect extreme values. No 

value selected by the outlier test was eliminated unless it was at least twice the next 

largest value or at most half of the next smallest value. The extreme values chosen by 

the statistical test were subject to approval by NTP personnel.  In addition, values 

indicated by the laboratory report as being inadequate due to technical problems were 

eliminated from the analysis. 

ANALYSIS OF VAGINAL CYTOLOGY DATA 

Because the data are proportions (the proportion of the observation period that an 

animal was in a given estrous stage), an arcsine transformation was used to bring the 

data into closer conformance with normality assumptions.  Treatment effects were 

investigated by applying a multivariate analysis of variance (Morrison, 1976) to the 

transformed data to test for the simultaneous equality of measurements across dose 

levels. 

ANALYSIS OF MUTAGENICITY IN SALMONELLA TYPHIMURIUM 

A positive response in the Salmonella typhimurium assay was defined as a reproducible, 

dose-related increase in histidine-independent (revertant) colonies in any 

one strain/activation combination.  An equivocal response was defined as an increase 

in revertants that was not dose related, not reproducible, or of insufficient magnitude to 





  
 

 

 

  

 

 

 

   

   

 

  

 

  

  

  

   

39 GLUTARALDEHYDE, NTP TOXICITY REPORT NUMBER 25 

ANALYSIS OF DROSOPHILA MELANOGASTER DATA 

Sex-linked recessive lethal data were analyzed by simultaneous comparison with the 

concurrent and historical controls using a normal approximation to the binomial test 

(Margolin et al., 1983).  A test result was considered positive if the P-value was less 

than or equal to 0.01 and the mutation frequency in the tested group was greater that 

0.10%, or if the P-value was less than or equal to 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 frequency in the treatment group was 

between 0.10% and 0.15% or (b) the P-value was between 0.10 and 0.05 but the 

frequency in the treatment group was greater than 0.10%.  A test was considered 

negative if the P-value was greater than or equal to 0.10 or if the frequency in the 

treatment group was less than 0.10%. 

Quality Assurance 
The studies of glutaraldehyde were performed in compliance with the United States 

Food and Drug Administration's Good Laboratory Practices regulations (21 CFR 58). 

The Quality Assurance Unit of Battelle Pacific Northwest Laboratories performed audits 

and inspections of protocols, procedures, data, and reports throughout the course of 

these studies.  The operations of the Quality Assurance Unit were monitored by the 

NTP. 
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RESULTS
 

2-Week Inhalation Study in F344/N Rats 
All males and females in the 5.0 ppm and 16.0 ppm groups died or were killed 

moribund before the end of the study (Table 3). All animals in the 16.0 ppm groups 

died on Day 4 of the study; 7 of 10 rats (3 males, 4 females) in the 5.0 ppm groups died 

on Day 5, and the remaining animals in the 5.0 ppm groups (two males, one female) 

died on Day 9.  Body weight gains of rats in the 0.16 ppm and 0.5 ppm groups were 

similar to those of controls. Body weight gain for male rats in the highest surviving 

exposure group (1.6 ppm) was negligible. Female rats in the 1.6 ppm group showed a 

slight weight gain during the first week of exposure, but they had lost substantial body 

weight by the end of the study.  Chemical-related clinical signs of toxicity were observed 

in the 1.6 ppm, 5.0 ppm, and 16.0 ppm groups and included labored breathing, ocular 

and/or nasal discharge, mouth breathing, and rough haircoat; respiratory difficulties 

and ocular and nasal discharge were observed immediately after exposure to 5.0 ppm 

or 16.0 ppm glutaraldehyde.  No clinical signs were observed in rats exposed to 

glutaraldehyde at concentrations of 0.5 ppm or lower. 

Exposure to glutaraldehyde was associated with decreases in the absolute organ 

weights for rats in the highest surviving concentration group (1.6 ppm); however, these 

differences could be explained by the lower final body weights of the animals in this 

exposure group. 

At necropsy, exposure-related gross lesions were present only in rats that died or were 

sacrificed moribund.  Lesions were limited to the respiratory tract and oral cavity and 

consisted of a crusted exudate at the anterior tip of the nares, a gray, thickened 

appearance to the laryngeal mucosa, and an exudate or crust on the surface of the 

tongue. In a few rats, the stomach and intestine were dilated with air; this dilation was 

considered to be the result of mouth breathing (clinical observation) and the 

subsequent swallowing of air. 
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TABLE 3 Survival and Weight Gain of F344/N Rats in the 2-Week Inhalation Study
 of Glutaraldehyde 

Concentration 
(ppm) Survival1

Mean Body Weight (grams) 
Initial2 Final Change3

Final Weight 
 Relative to 
 Controls (%)4 

MALE

 0 
0.16 
0.5 
1.6 
5.0 

16.0 

5/5 
5/5 
5/5 
5/5 
0/55

0/56

107 
108 
108 
107 
106 
109 

190 
193 
183 
109 

— 
— 

82 
85 
75 
2 

— 
— 

102 
97 
58 
— 
— 

FEMALE

 0 
0.16 
0.5 
1.6 
5.0 

16.0 

5/5 
5/5 
5/5 
5/5 
0/57

0/56

101 
100 
101 
98 

101 
100 

141 
144 
138 
83 
— 
— 

40 
45 
38 

–15 
— 
— 

102 
98 
59 
— 
— 

1 Number surviving at 2 weeks/number of animals per group.  For groups with no survivors, no final mean 
body weights or body weight changes are given. 

2 Body weights were measured on Day 1 of the study before the first exposure. 
3 Mean weight change of the survivors. 
4 (Treated group mean/control group mean) x 100. 
5 Day of death:  5, 5, 5, 9, 9. 
6 Day of death:  all on Day 4. 
7 Day of death:  5, 5, 5, 5, 9. 

Exposure-related histopathologic findings were limited to the nasal passages, larynx, 

trachea, lung, and tongue of both sexes of rats (Table 4).  In the nasal cavity, necrosis 

and acute (neutrophilic) inflammation of the respiratory and olfactory epithelium were 

noted; hyperplasia and squamous metaplasia of the respiratory epithelium were also 

prominent.  Nasal lesions were most severe in the respiratory mucosa over the tips of 

the nasal turbinates and on the lateral wall of the anterior portion (Level I) of the nasal 

cavity. These changes were generally of moderate to marked severity in the 5.0 and 

16.0 ppm exposure groups and of mild to moderate severity in the 1.6 ppm exposure 

groups.  At the 0.5 ppm exposure level, there was only minimal to mild hyperplasia and 

squamous metaplasia and no evidence of necrosis or inflammation. 
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In 5 of 10 rats exposed to 1.6 ppm glutaraldehyde, mild to moderate thymic (lymphoid) 

atrophy was noted. This was the highest exposure group that survived to the end of the 

study and the thymic atrophy was considered to be secondary to stress, as suggested 

by the marked depression in body weight gain in this group. 

Exposure concentrations for the 13-week studies were limited to 1000 ppb (1 ppm) 

because of the extent of respiratory tract lesions that occurred in animals receiving 

1.6 ppm or greater in the 2-week studies. 
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Clinical findings of toxicity included dyspnea and ruffled fur in all animals in the 

1000 ppb group and emaciation in many animals (3 of 10 males, 8 of 10 females) in 

this same group during the first 5 weeks of the study; however, these animals exhibited 

no clinical signs during the latter portion of the study. 

Hematology and clinical chemistry evaluations were conducted on Days 4 and 24 in 

supplemental-study animals and at the end of the 13 weeks in core-study animals. 

Findings are presented in detail in Appendix B. 

No clinically significant changes in hematology or clinical chemistry parameters 

occurred on Day 4 following 3 days of exposure to glutaraldehyde.  At 24 days, there 

were significant increases in total counts of segmented neutrophils in males in three of 

the four highest exposure groups (125, 250, and 1000 ppb) and in females in two of the 

three highest exposure groups (250 and 1000 ppb).  In female rats, the increase in the 

highest exposure group, 1000 ppb, was accompanied by an increase in total leukocyte 

count.  Additionally, at 24 days, there were minimal to mild, statistically significant 

increases in activities of alanine aminotransferase in male and female rats in the 250, 

500, and 1000 ppb exposure groups and in alkaline phosphatase in female rats in the 

500 and 1000 ppb exposure groups.  Other findings included mild decreases in 

concentrations of total protein in males in the 125 to 1000 ppb exposure groups and in 

females in the 1000 ppb exposure group and of albumin in females in all groups except 

the 500 ppb exposure group; increases in urea nitrogen were noted in females in the 

250 to 1000 ppb exposure groups.  Changes in other hematology and clinical chemistry 

parameters in male and female rats at Day 94 of the study were sporadic and were not 

considered exposure related (Appendix B). 

Statistically significant increases were observed in the relative weights of the heart, 

kidney, lungs, and testis of males exposed to 1000 ppb glutaraldehyde, the heart of 

females exposed to 1000 ppb, and the kidney of females exposed to 250 ppb, 500 ppb, 

or 1000 ppb glutaraldehyde (Appendix A, Table A1).  However, these differences were 

small and were not considered to be toxicologically significant. 

Exposure to glutaraldehyde at concentrations up to 1000 ppb caused treatment-related 

microscopic lesions in the nasal passages and/or turbinates of male and female rats 

(Table 6). Lesions occurred primarily in the anterior portions of the nose (Levels I and II) 

and affected the respiratory and the olfactory epithelium.  The lateral wall of the nasal 
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cavity and the tips of the nasoturbinates were the most commonly affected portions of 

the respiratory mucosa, while the dorsal meatus was the most common location of the 

olfactory lesions.  Hyperplasia of goblet cells was prominent on the nasal septum 

(Plates 1 and 2) and was generally present only at the highest exposure level.  In the 

respiratory epithelium, hyperplasia and squamous metaplasia were present. 

Hyperplasia also occurred in the respiratory epithelium on the lateral wall 

(transitional/cuboidal epithelium) and the nasoturbinates; when the surface epithelial 

layers were flattened, the lesion was diagnosed as squamous metaplasia (Plates 3 and 

4). Minimal inflammation (neutrophilic) occurred in most rats exposed to 1000 ppb, 

the highest concentration of glutaraldehyde. 

Minimal to mild olfactory degeneration, characterized by a thinning of the nuclear 

layers of the olfactory epithelium, was present in several rats, but only at the highest 

exposure level.  In addition, exposure-related lesions were noted in the two nasal 

sections taken anterior to the standard Level I section; these sections included the 

nasal vestibule and the most anterior portion of the nasal turbinates.  Minimal to mild 

squamous exfoliation was present in the nasal vestibule of rats exposed to 250 ppb or 

greater.  This lesion consisted of an accumulation of keratin, cell debris, and bacteria in 

the lumen of the nasal vestibule.  Minimal focal erosions of the squamous mucosa were 

present in one female rat in the 500 ppb group and two females in the 1000 ppb group. 



  
 

 
 

 
   
  
 

 
 

 

  
  
  
  

  
  
 

 
  
 

 
  
  
 
 

 
 

 

  
  
  
  

  
  
 

 
  
 

 
  
  
  
 
 
 
 

49 GLUTARALDEHYDE, NTP TOXICITY REPORT NUMBER 25 

TABLE 6 Selected Histopathologic Lesions of the Nasal Passages/Turbinates  
1 

for F344/N Rats in the 13-Week Inhalation Study of Glutaraldehyde 

Concentration (ppb) 
0 62.5 125 250 500 1000 

Male 

Respiratory epithelium
 Nasoturbinates/septum 

Hyperplasia 0 0 0 0 0 7 (1.7) 
Hyperplasia, goblet cell 0 0 0 1 (1.0) 3 (1.0) 9 (1.4) 
Squamous metaplasia 0 0 0 0 0 5 (2.0) 
Inflammation 0 0 0 0 0 7 (1.0) 

 Lateral wall 
Hyperplasia 0 0 1 (1.0) 0 4 (1.0) 7 (1.7) 
Squamous metaplasia 0 0 0 0 1 (1.0) 7 (2.5) 

Olfactory epithelium 
Degeneration 0 0 0 0 0 1 (2.0) 

Nasal vestibule/anterior nares 
Squamous exfoliation 0 0 0 1 (1.0) 4 (1.0) 9 (1.1) 
Inflammation 0 1 (1.0) 0 0 0 3 (1.0) 

Female 

Respiratory epithelium
 Nasoturbinates/septum 

Hyperplasia 0 0 0 0 0 4 (1.7) 
Hyperplasia, goblet cell 0 0 0 0 0 8 (1.2) 
Squamous metaplasia 0 0 0 0 0 5 (1.4) 
Inflammation 0 0 0 1 (1.0) 0 5 (1.2) 

 Lateral wall 
Hyperplasia 0 0 0 1 (2.0) 2 (1.0) 8 (1.6) 
Squamous metaplasia 0 0 0 1 (3.0) 0 8 (2.0) 

Olfactory epithelium 
Degeneration 0 0 0 0 0 2 (1.5) 

Nasal vestibule/anterior nares 
Squamous exfoliation 0 0 0 3 (1.3) 7 (1.1) 9 (1.7) 
Inflammation 1 (1.0) 0 0 0 0 0 
Erosion 0 0 0 0 1 (1.0) 2 (2.0) 

The incidence is the number of core-study animals with lesions for groups of 10 animals.  Average 
severity (in parentheses) is based on the number of animals with lesions; 1=minimal, 2=mild, 3=moderate, 
4=marked. 

1 
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2-Week Inhalation Study in B6C3F1 Mice 
All mice exposed to glutaraldehyde at concentrations of 1.6 ppm, 5.0 ppm, or 16.0 ppm 

died or were killed moribund before the end of the study (Table 7).  All mice in the 

16.0 ppm groups died on Day 4, as did four of the five females in the 5.0 ppm group. 

All mice in the three highest exposure groups were dead by study Day 8. One control 

female died on study Day 8.  Body weight gains were similar to those of controls for 

male mice in the 0.16 ppm and 0.5 ppm groups.  Females in the 0.5 ppm group failed 

to gain weight during the first week of the study but recovered by the end of the study. 

No clinical signs of toxicity were seen in mice exposed to glutaraldehyde at 

concentrations of 0.5 ppm or less.  Chemical-related clinical findings were limited to 

animals exposed to the three highest concentrations of glutaraldehyde (1.6 ppm, 

5.0 ppm, 16.0 ppm) and included marked respiratory difficulties accompanied by 

ocular and nasal discharge and mouth breathing immediately after the first exposure. 

These animals did not appear to eat or drink during the study. 

Female mice exposed to 0.5 ppm glutaraldehyde had significantly lower mean absolute 

and relative heart weights than controls, while males in the 0.5 ppm group had a 

significantly greater mean relative liver weight than controls.  These findings were not 

considered biologically significant. 

At necropsy, gross lesions attributed to the toxicity of glutaraldehyde were present in 

the external nares and larynx of mice in the 16.0 ppm exposure groups.  Gross 

observations included a red crust at the anterior tip of the nares and a gray, thickened 

appearance of the laryngeal mucosa.  Dilation of the stomach and intestine with air was 

seen in mice that died or were sacrificed moribund (mice in the 1.6, 5.0, and 16.0 ppm 

groups). This finding was considered to be the result of mouth breathing (clinical 

observation) and the subsequent swallowing of air. 

Exposure-related histopathologic findings were limited to the nasal passages, larynx, 

and trachea in male and female mice (Table 8).  In the nasal cavity of mice exposed to 

1.6 to 16.0 ppm glutaraldehyde, there was necrosis and acute (neutrophilic) 

inflammation of the respiratory and olfactory epithelium and squamous metaplasia of 

the respiratory epithelium.  These lesions were of minimal to mild severity and were 

located primarily in the anterior portion (Level I) of the nasal cavity.  Typically, these 

lesions were present on the tips of the nasal turbinates and on the lateral wall of the 

nasal cavity. 
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Laryngeal lesions consisted of inflammation and necrosis of the mucosa and squamous 

metaplasia of the respiratory epithelium. In some mice exposed to 16.0 ppm, the 

squamous metaplasia was not present because of the marked necrosis and 

inflammation of the respiratory mucosa.  Squamous metaplasia was more prominent in 

the mice in the 1.6 and 5.0 ppm exposure groups; these mice survived longer than 

those in the 16.0 ppm groups.  Treatment-related lesions in the trachea were present 

only at the highest exposure level, 16.0 ppm, and consisted of inflammation and 

necrosis of the respiratory mucosa. 

Exposure concentrations chosen for the 13-week study were limited to 1000 ppb 

(1 ppm) because of the extent and severity of the respiratory tract lesions that occurred 

in mice exposed to glutaraldehyde at concentrations of 1.6 ppm or greater in the 2

week study. 
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13-Week Inhalation Study in B6C3F1 Mice 
All mice exposed to 1000 ppb and two females exposed to 500 ppb glutaraldehyde died 

before the end of the study (Table 9).  Mean final body weights of male and female mice 

were reduced in a concentration-dependent manner.  Male and female mice in the 250 

and 500 ppb groups weighed significantly less than control animals.  Final body 

weights for males and females exposed to 500 ppb glutaraldehyde were approximately 

11% less than those of the controls.   

Body weight gains were recorded for all groups except females exposed to 1000 ppb. 

However, a significant concentration-related decrease in mean body weight gain 

occurred in male mice in all exposure groups and in female mice in the 250 ppb and 

500 ppb groups.  Growth curves are shown in Figure 2; the irregular weight curve for 

males exposed to 1000 ppb is due to deaths of animals with low body weights, whose 

removal produced an increase in mean body weight at the next weighing.  Chemical

related signs of toxicity were seen in 7 of 10 males and in 9 of 10 females in the 

1000 ppb groups before death and included dyspnea and emaciation.  Dyspnea was 

observed in 7 of 10 males and in 5 of 10 females in the 500 ppb groups early in the 

study, but it subsided after the first few weeks.  Other clinical signs exhibited by 

animals exposed to 1000 ppb included abnormal posture, hypoactivity, ruffled fur, 

paraphimosis, and tachypnea. 

Exposure-related increases in organ-weight-to-body-weight ratios were noted for the 

heart, kidney, and lungs of male and female mice, the liver of female mice, and the 

testes of male mice (Appendix A).  However, the increases in relative organ weights were 

generally not accompanied by significant increases in absolute organ weights and 

probably reflected the typically higher relative organ weights in lighter-weight animals. 
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TABLE 9 Survival and Weight Gain of B6C3F1 Mice in the 13-Week Inhalation Study 
of Glutaraldehyde 

Concentration 
(ppb) Survival1

Mean Body Weight (grams) 
Initial2 Final Change3

Final Weight 
 Relative to 

 Controls (%)4 

MALE

 0 
62.5 

125 
250 
500 

1000 

10/10 
10/10 
10/10 
10/10 
10/10 
0/105

22.5 
22.8 
22.7 
22.7 
22.2 
22.8 

34.2 
33.0 
32.8 
31.7 
30.3 
27.7 

11.8 
10.2 
10.1 
9.0 
8.0 
4.4 

96 
96 
92 
88 
81 

FEMALE
 0 

62.5 
125 
250 
500 

1000 

10/10 
10/10 
10/10 
10/10 
8/106

0/107 

18.9 
19.4 
19.0 
19.1 
19.4 
19.4 

29.5 
29.0 
29.4 
27.4 
26.3 

— 

10.7 
9.6 

10.4 
8.4 
7.0 
— 

98 
100 
93 
89 
— 

1 Number of core-study animals surviving at 13 weeks/number of animals per exposure level.  For groups with no 
survivors on Day 84, no final mean body weights or body weight changes are given. 

2 Body weight was measured before the first exposure.  Subsequent calculations were based on animals surviving to the 
end of the study. 

3 Mean weight change of the animals in each group. 
4 (Treated group mean/control group mean) x 100. 
5 Week of death: 1, 1, 1, 1, 1, 2, 3, 4, 5, 14. Final body weights were recorded on Day 84 when one survivor remained 

in this group; however, this animal died before scheduled necropsy.  Statistical analyses were not performed due to the 
insufficient number of measurements. 

6 Week of death: 7, 8. 
7 Week of death: 1, 1, 1, 2, 2, 2, 2, 2, 2, 3. 

Exposure-related gross observations were present in mice that died or were sacrificed 

moribund before the end of the study.  Most commonly, dilation of the  stomach  and  

intestine was observed.  This change was considered to be secondary to the dyspnea 

observed clinically and the subsequent swallowing of air.  In three mice, the spleen 

appeared paler or smaller than normal as the result of lymphoid depletion.  Lymphoid 

depletion in the spleen, as well as the lymphoid and cellular depletion in the lymph 

nodes, thymus, and bone marrow, and increased numbers of degenerative cells in the 

lumen of the epididymis, were considered to be secondary to the generalized stress 

associated with exposure in the mice that died during the study. 





  
 

  

 

 

   

 

 

  
 
   
  
 

 
 

 

 
 

 
  
 
 

 
 
 
 

 
 

 

 
 

 
  
 
 

 
 
 
 
 

 

56 GLUTARALDEHYDE, NTP TOXICITY REPORT NUMBER 25 

Exposure-related microscopic lesions occurred in the nasal passages and/or turbinates 

and the larynx (Table 10).  Changes in the larynx were present only in the 1000 ppb 

groups of mice and consisted of necrosis and squamous metaplasia of the respiratory 

mucosa at the base of the epiglottis (Plates 5 and 6).  Nasal lesions were seen primarily 

in Level I and to a much lesser extent in Level II. Lesions were also present in 

additional sections prepared from the tip of the nose which included the nasal vestibule 

and anterior portion (anterior to Level I) of the nasal turbinates. 

TABLE 10 	 Selected Histopathologic Lesions for B6C3F1 Mice 
in the 13-Week Inhalation Study of Glutaraldehyde1 

0 62.5 
Concentration (ppb) 

125 250 500 1000 

Male 

Nasal passages/turbinates
 Respiratory epithelium 

Inflammation 
Squamous metaplasia 

Nasal vestibule/anterior nares 
Squamous exfoliation 
Inflammation 
Erosion 

0 
0 

0 
0 
0 

0 
0 

0 
0 
0 

0 
0 

0 
0 
0 

0 
0 

1 (1.0) 
0 
1 (1.0) 

0 
0 

2 (1.0) 
7 (1.1) 
1 (1.0) 

4 (1.0) 
1 (2.0) 

9 (2.8) 
02 

0 

Larynx 
Squamous metaplasia 
Necrosis 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

7 (1.6) 
2 (1.0) 

Female 

Nasal passages/turbinates
 Respiratory epithelium 

Inflammation 
Squamous metaplasia 

Nasal vestibule/anterior nares 
Squamous exfoliation 
Inflammation 
Erosion 

0 
0 

0 
0 
0 

0 
0 

0 
5 (1.0) 
0 

0 
0 

0 
8 (2.0) 
1 (1.0) 

1 (1.0) 
0 

1 (1.0) 
8 (1.6) 
0 

1 (1.0) 
0 

2 (2.5) 
8 (2.5) 
0 

7 (1.4) 
3 (1.0) 

10 (2.8) 
02 

0 

Larynx 
Squamous metaplasia 
Necrosis 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

10 (1.6) 
2 (1.0) 

1 The incidence is the number of core study animals with lesions from groups of 10.  Average severity (in 
parentheses) is based on the number of animals with lesions; 1=minimal, 2=mild, 3=moderate, 4=marked. 

2 Inflammation was a component of “squamous exfoliation” and not diagnosed separately when the latter 
was present. 
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Squamous exfoliation, characterized by the accumulation of keratin, an inflammatory 

cell exudate, cell debris, and bacterial colonies in the lumen of the vestibule, occurred 

in mice exposed to 250 ppb or greater (Plates 7, 8, and 9).  In the groups of mice that 

survived to the end of the study, the squamous exfoliation and inflammatory cell 

exudate in the nasal lumen were generally not observed. However, foci of acute 

(neutrophilic) inflammation were present in the nasal mucosa.  Neutrophils were 

present in the lamina propria and throughout the squamous or respiratory epithelium 

in the most anterior portion of the nasoturbinates (Plate 10).  In the standard nasal 

sections (Levels I to III), inflammation and squamous metaplasia of the respiratory 

mucosa were located on the lateral wall of the nasal cavity and on the tips of the 

nasoturbinates (Plates 11 and 12). 

Respiratory Tract Histoautoradiographic Evaluations 
A number of histopathologic lesions, generally of minimal to mild severity, were present 

in the mucosa of the nasal passages of rats and mice.  The spectrum of morphologic 

changes (inflammation, erosion, squamous metaplasia, etc.) was similar to that seen at 

the end of the 13-week core studies.  Because of the multiple early time points for 

sampling in this special histoautoradiographic study, the onset of lesions and the 

progression of severity was demonstrated (Tables E1-E4). 

The squamous epithelium of the nasal vestibule, and to a lesser extent the respiratory 

epithelium of the atrioturbinate of the dorsal meatus, exhibited exposure-related 

increases in cell replication rates (Tables E5 and E6).  When the results from individual 

animals were examined, there was an increased rate of cell replication in the squamous 

epithelium of the nasal vestibule in mice that also had neutrophilic infiltration of the 

mucosa; this was most evident at the 13-week time point and was more clear in females 

than in males.  Pairwise comparisons between the subjective score for severity of 

neutrophilic infiltrate and the extent of the S-phase response at the 13-week time point 

in female mice indicated that the severity of the infiltrate did not correlate with the 

degree of S-phase response.  However, increased cell replication occurred only in those 

animals in which the neutrophilic infiltrate was observed. 

In rats, the exposure-related increase in cell replication was generally greater than that 

observed for mice. In contrast to the results obtained for mice, the increased cell 

replication in the nasal vestibule of rats occurred early and remained elevated or decreased 

slightly through the course of the study. In addition to increased replication in the 
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squamous epithelium of the vestibule, there was an equally prominent increase in 

replication in the respiratory epithelium of the dorsal atrioturbinate in rats.  At this 

site, the increased replication corresponded more with the presence of squamous 

metaplasia of the respiratory epithelium than with inflammation. 

Reproductive System Evaluations 
Sperm morphology and vaginal cytology evaluations in rats revealed no significant 

differences between treated animals and controls for any of the parameters evaluated 

(Appendix C). 

Reproductive system evaluations in mice showed significant differences in the amount 

of time spent in estrous stages for females in the 250 ppb and 500 ppb groups 

compared to controls.  Female mice in these groups spent more time in estrus and 

diestrus and less time in metestrus and proestrus (500 ppb group only) than did 

controls.  Glutaraldehyde exposure did not directly affect any parameters measured in 

male mice in these evaluations (Appendix C). 

Genetic Toxicity Studies 
Glutaraldehyde was tested for induction of mutations in Salmonella typhimurium in 

three laboratories (Appendix D, Table D1).  In the first laboratory, positive results were 

obtained with strain TA100 with and without liver S9 from Aroclor 1254-induced male 

Sprague-Dawley rats or Syrian hamsters.  In the second laboratory, no increase in 

mutations was observed in TA100 in the absence of S9 or with 10% induced hamster 

S9.  A small increase in mutations was noted in TA100 in the presence of 10% induced 

rat S9, and results were considered equivocal.  In both laboratories, negative results 

were obtained with TA1535, TA1537, and TA98 with and without S9.  Complete data 

sets from these two studies are presented by Haworth et al. (1983).  The third 

laboratory tested glutaraldehyde for induction of mutations in S. typhimurium strains 

TA100, TA102, and TA104. Results were clearly positive for all three strains with and 

without induced hamster or rat liver S9.  Glutaraldehyde also induced mutations at the 

TK+/- locus of mouse L5178Y cells at a concentration of 8 µg/mL in each of two trials 

conducted in the absence of S9 activation (Appendix D, Table D2; McGregor et al., 

1988). 
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In one of two test laboratories, glutaraldehyde induced sister chromatid exchanges 

(SCEs) in Chinese hamster ovary (CHO) cells with and without Aroclor 1254-induced 

male Sprague-Dawley rat liver S9; results from the second laboratory were weakly 

positive in the presence of S9 and negative without S9 (Appendix D, Table D3; Galloway 

et al., 1985).  Although the negative trial in the absence of S9 showed a significant 

increase in SCEs at the highest dose tested, the trial was called negative on the basis of 

the trend test, with a P-value greater than 0.025 (Galloway et al., 1985).  Under the 

current evaluation criteria (Galloway et al., 1987), this trial would be considered 

equivocal.  Glutaraldehyde was also tested in these same two laboratories for induction 

of chromosomal aberrations (Abs) in CHO cells (Appendix D, Table D4; Galloway et al., 

1985).  The first laboratory reported negative results with and without S9, while the 

second laboratory found a weakly positive increase in Abs in the absence of S9.  Higher 

doses were used in the second study, which may explain the apparently discordant 

results between laboratories. At the second laboratory, the trial conducted with S9 

showed a dose-related increase in Abs, but this increase was not considered to be of 

sufficient magnitude to be considered positive under the older data evaluation system 

(Galloway et al., 1985).  Under the current system (Galloway et al., 1987), this trial 

would be considered weakly positive. 

Glutaraldehyde was tested for its ability to induce sex-linked recessive lethal mutations 

in germ cells of male Drosophila melanogaster treated as newly emerged adult flies by 

feeding or injection (Yoon et al., 1985) or treated as larvae by feeding (Zimmering et al., 

1989).  Results from all three tests were negative (Appendix D, Table D5). 

In summary, glutaraldehyde was shown to be genotoxic in vitro, inducing mutations in 

bacterial cells, and producing mutations, sister chromatid exchanges, and 

chromosomal aberrations in mammalian cells.  Its mutagenic activity in these assays 

was independent of S9 activation. 
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PLATE 1 

Section through nasal septum of 
control rat showing the columnar 
respiratory epithelium (arrows) with 
occasional unstained goblet cells. 
Compare with similar section in 
Plate 2 from rat exposed to 
glutaraldehyde.  160x. 

PLATE 3 

Nasoturbinate of control rat for 
comparison with glutaraldehyde
exposed rat in Plate 4.  Note the low 
columnar to cuboidal respiratory 
epithelium (arrow).  260x. 

PLATE 5 

Larynx (base of epiglottis) of control 
mouse showing columnar, ciliated 
epithelium (arrow) for comparison 
with Plate 6.  260x. 

PLATE 2 

Section through nasal septum of rat 
exposed to 1000 ppb 
glutaraldehyde.  Note increased 
thickness of respiratory epithelium 
(arrows) and hyperplasia of goblet 
cells.  160x. 

PLATE 4 

Nasoturbinate of rat exposed to 
1000 ppb glutaraldehyde. 
Squamous metaplasia is 
characterized by a thickened 
epithelium compared to control 
(Plate 3) and a superficial layer of a 
flattened, squamous epithelium 
(arrow).  260x. 

PLATE 6 

Larynx (base of epiglottis) of mouse 
exposed to 1000 ppb 
glutaraldehyde, showing squamous 
metaplasia of the respiratory 
epithelium (arrow).  260x. 
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PLATE 7 

Nasal vestibule of mouse exposed to 
1000 ppb glutaraldehyde.  Lumen 
(L) of vestibule contains abundant 
keratin and cell debris (arrows). 
70x. 

PLATE 9 

Lumen (L) of anterior nares from 
mouse exposed to 1000 ppb 
glutaraldehyde contains darkly 
stained keratin fibers and cell 
debris.  260x. 

PLATE 11 

Tip of nasoturbinate from control 
mouse for comparison with Plate 12. 
160x. 

PLATE 8 

Detail of lumen contents in nasal 
vestibule shows numerous bacterial 
colonies (B) between darkly stained 
keratin fibers (arrows).  160x. 

PLATE 10 

Tip of nasoturbinate from mouse 
exposed to 125 ppb glutaraldehyde, 
showing infiltration of neutrophils 
(arrows) throughout the mucosa. 
320x. 

PLATE 12 

Tip of nasoturbinate from mouse 
exposed to a concentration of 1000 ppb 
glutaraldehyde, showing inflammation 
in the mucosa and an exudate (E) of 
neutrophils in the lumen of the nasal 
cavity. Note mild squamous metaplasia 
(arrow) of respiratory epithelium.  160x. 
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DISCUSSION
 

The results of the 2-week and 13-week studies indicate that the respiratory tract is the 

major target for toxicity following exposure of rats and mice to glutaraldehyde by the 

inhalation route.  There was no substantial evidence of systemic toxicity. At the higher 

doses used in the 2-week studies, there was marked toxicity in the upper respiratory 

tract in addition to mortality and the clinical finding of dyspnea.  Minimal to mild 

squamous metaplasia, hyperplasia, and inflammation or necrosis of the larynx, nasal 

passages, or both were present in rats and mice after 2 weeks of exposure to 

glutaraldehyde at concentrations as low as 0.5 ppm. At higher exposure 

concentrations, the incidences and severity of the lesions increased and necrosis and 

inflammation were present at lower sites in the respiratory tract (including the trachea 

in rats and mice and the lung in rats); at the highest exposure concentration in rats 

(16.0 ppm), inflammation and erosions were present on the dorsal surface of the 

tongue.  Based on the mortality observed in the 2-week studies, mice were more 

sensitive than rats to glutaraldehyde toxicity. 

In rats, there was little evidence for increased toxicity following 13 weeks of exposure 

beyond that observed after the 2-week exposure; the no-observed-adverse-effect level 

(NOAEL) was 0.16 ppm in the 2-week study and 125 ppb (0.125 ppm) in the 13-week 

study. The primary site of glutaraldehyde toxicity in the 13-week study, the nasal 

cavity, was the same as that seen in the 2-week study at similar exposure 

concentrations. 

In contrast, mice were more sensitive to the 13-week exposure.  Mortality occurred at 

exposure levels as low as 500 ppb for females, and all mice exposed to 1000 ppb died 

during the study.  Although the severity of the respiratory tract lesions in mice in the 

13-week study was similar to the severity of the lesions seen in rats, a high number of 

deaths occurred only in mice.  This may have been related to the accumulation of 

keratin and cell debris in the anterior tip of the nares of mice and possible occlusion of 

that portion of the airway in the nasal passage.  The fact that more mice died than rats, 

which have a larger airway in the external nares, combined with the observations of 

respiratory difficulty (gaseous distension of the stomach and small intestine) in mice 

exposed to 1000 ppb glutaraldehyde, suggests that the early deaths in mice were due to 

nasal obstruction. 
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In the 13-week study, inflammation characterized by focal accumulation of neutrophils 

in the nares was observed in mice that received exposures as low as 62.5 ppb, 

particularly in female mice.  Data collected from the animals killed at various times 

throughout the study as part of the collaborative effort with the Chemical Industry 

Institute of Toxicology indicated that the neutrophilic infiltrate became progressively 

more severe and was associated with increased epithelial cell replication in the anterior 

nasal passages (Appendix E, Tables E1 through E6).  The neutrophil accumulation was 

present in female mice at all concentration levels of glutaraldehyde at which animals 

survived.  Examination of Table E1 reveals the difficulty of interpreting this lesion in 

rats due to the background incidence of both suppurative and nonsuppurative nasal 

lesions. 

Hematologic evaluations at 24 days showed that segmented neutrophil counts were 

increased in male and female rats.  Changes in counts of segmented neutrophils can be 

produced by a variety of mechanisms, including stress, physiologic causes, and 

inflammation. Of these mechanisms, stress is often associated with decreases in 

segmented neutrophil counts, and physiologic leukocytosis is associated with increases 

in total counts of lymphocytes.  Because changes in lymphocyte counts did not occur, 

the mature neutrophilia probably resulted from inflammation.  The lack of immature 

forms (no left shift) is consistent with a mild response.  These findings are probably 

associated with the exposure-related effects in the nares.  Local inflammation with 

migration of neutrophils through the nasal respiratory epithelium is a prominent 

feature of formaldehyde toxicity in rats (Monticello et al., 1991). 

Increased activities of alkaline phosphatase and alanine aminotransferase (ALT) as were 

observed in rats at 24 days are generally associated with cholestasis and release of the 

enzymes from hepatocellular membranes and cytosol, respectively.  These changes are 

consistent with mild, exposure-induced hepatobiliary damage.  Lack of an increase in 

activity of sorbitol dehydrogenase and negative hepatic histopathology at the end of the 

study, however, may indicate an alternate mechanism.  Five- to seven-fold increases in ALT 

activity have been reported in the liver tissue of feed-restricted rats.  The increase probably 

results from enhanced gluconeogenesis (Schwartz et al., 1973; Loeb and Quimby, 1989). 

This process would be consistent with the decreased weight gain in rats in the high

exposure groups and the mild, selective increase in enzyme activity.  The minimal to mild 

decreases in concentrations of total protein and albumin and the increase in urea nitrogen 

(UN) were likely associated with secondary effects of the exposures.  These include 
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decreased food intake (total protein and albumin) and catabolism of proteins and/or 

mild dehydration (UN). 

The specific site and morphological effects of glutaraldehyde on the upper respiratory 

tract of rats and mice are consistent with those produced by exposure to other irritant 

chemicals administered by the inhalation route (Jiang et al., 1983; Boorman et al., 

1987; Morgan and Monticello, 1990; NTP, 1991; NTP, 1992).  When irritant chemicals 

are administered at higher concentrations, lesions have also been shown to occur in the 

lung and oral cavity (Jiang et al., 1983; Boorman et al., 1987; NTP, 1991). 

A specific comparison of respiratory tract responses induced by glutaraldehyde versus 

formaldehyde is of interest because of the extensive pathology data available for 

formaldehyde.  Intranasal instillation studies have demonstrated that on a molar basis, 

glutaraldehyde is 10 to 20 times more toxic (potent) than formaldehyde when delivered 

to the nasal mucosa as a single treatment in aqueous solution (St. Clair et al., 1990). 

The present study and reported toxicity data for formaldehyde (Monticello, 1990; Heck 

et al., 1990; Monticello et al., 1991) reveal that when administered by inhalation, 

glutaraldehyde is about 20 times more potent than formaldehyde.  The distribution of 

nasal lesions induced by inhalation of glutaraldehyde in the present study differed from 

that reported for formaldehyde (Morgan et al., 1986a,b; Monticello et al., 1991) in that 

the glutaraldehyde-induced lesions were more anterior in the nose, involving the 

squamous epithelium.  No preneoplastic lesions like those occurring in animals 

receiving formaldehyde by inhalation for 13 weeks (focal hyperkeratosis and 

hyperplasia with cellular atypia and dysplasia) (Monticello, 1990; Morgan and 

Monticello, 1990) were detected in the present study of glutaraldehyde, although 

glutaraldehyde was genotoxic in in vitro studies in both bacterial and mammalian cells. 

In summary, exposure of rats and mice to glutaraldehyde by inhalation for up to 13 

weeks resulted in a spectrum of necrotic, inflammatory, and regenerative lesions 

confined to the upper respiratory tract.  Mice were somewhat more sensitive than rats 

because the small airways of the nasal passage in mice were more prone to blockage 

with cellular debris, bacteria, and keratin.  The NOAEL was 125 ppb for respiratory 

lesions in rats.  An NOAEL was not reached for mice, as inflammation was found in the 

anterior nasal passage at concentrations as low as 62.5 ppb. 
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TABLE A1 Organ Weights and Organ-Weight-to-Body-Weight Ratios for F344/N Rats 
in the 13-Week Inhalation Study of Glutaraldehyde1 

0 ppb 62.5 ppb 125 ppb 250 ppb 500 ppb 1000 ppb 

Male 
n  10  10  10  10  10  10  

Necropsy body wt 329 ± 8 337 ± 8 334 ± 6 332 ± 6 321 ± 10 303 ± 7* 

Heart 
Absolute 0.990 ± 0.028 1.001 ± 0.027 0.964 ± 0.025 0.968 ± 0.014 0.984 ± 0.025 0.959 ± 0.017 
Relative 3.01 ± 0.03 2.97 ± 0.05 2.88 ± 0.04 2.92 ± 0.04 3.07 ± 0.05 3.17 ± 0.05** 

Right kidney 
Absolute 1.090 ± 0.029 1.159 ± 0.033 1.098 ± 0.034 1.137 ± 0.028 1.082 ± 0.040 1.072 ± 0.031 
Relative 3.31 ± 0.03 3.44 ± 0.06* 3.28 ± 0.05 3.43 ± 0.06 3.37 ± 0.04 3.54 ± 0.05** 

Liver 
Absolute 11.282 ± 0.414 11.680 ± 0.319 11.494 ± 0.262 11.569 ± 0.296 11.484 ± 0.483 10.685 ± 0.333 
Relative 34.22 ± 0.62 34.67 ± 0.45 34.41 ± 0.46 34.83 ± 0.46 35.71 ± 0.59 35.27 ± 0.66 

Lungs 
Absolute 1.633 ± 0.072 1.685 ± 0.059 1.681 ± 0.049 1.670 ± 0.056 1.665 ± 0.073 1.688 ± 0.073 
Relative 4.95 ± 0.16 5.00 ± 0.14 5.04 ± 0.16 5.04 ± 0.17 5.18 ± 0.13 5.58 ± 0.22* 

Right testis 
Absolute 1.390 ± 0.028 1.405 ± 0.025 1.394 ± 0.028 1.348 ± 0.030 1.365 ± 0.026 1.360 ± 0.022 
Relative 4.23 ± 0.06 4.18 ± 0.08 4.17 ± 0.04 4.07 ± 0.11 4.27 ± 0.08 4.50 ± 0.06* 

Thymus 
Absolute 0.310 ± 0.008 0.325 ± 0.016 0.305 ± 0.009 0.334 ± 0.010 0.346 ± 0.016 0.278 ± 0.012 
Relative 0.94 ± 0.02 0.96 ± 0.04 0.91 ± 0.03 1.01 ± 0.03 1.08 ± 0.05* 0.92 ± 0.04 

Female 
n  10  10  10  9  10  10  

Necropsy body wt 196 ± 3 195 ± 4 198 ± 4 190 ± 5 187 ± 4 175 ± 5** 

Heart 
Absolute 0.673 ± 0.015 0.682 ± 0.016 0.683 ± 0.018 0.683 ± 0.017 0.673 ± 0.013 0.667 ± 0.020 
Relative 3.44 ± 0.06 3.51 ± 0.06 3.45 ± 0.07 3.60 ± 0.09 3.60 ± 0.06 3.82 ± 0.08** 

Right kidney 
Absolute 0.671 ± 0.013 0.687 ± 0.024 0.685 ± 0.016 0.707 ± 0.013 0.678 ± 0.015 0.652 ± 0.027 
Relative 3.43 ± 0.04 3.53 ± 0.08 3.45 ± 0.05 3.72 ± 0.05* 3.63 ± 0.08* 3.72 ± 0.08** 

Liver 
Absolute 6.484 ± 0.152 6.584 ± 0.309 6.459 ± 0.171 6.418 ± 0.276 6.146 ± 0.151 5.888 ± 0.242 
Relative 33.17 ± 0.62 33.74 ± 1.19 32.57 ± 0.62 33.68 ± 1.09 32.80 ± 0.36 33.54 ± 0.65 

Lungs 
Absolute 1.192 ± 0.029 1.265 ± 0.055 1.297 ± 0.051 1.290 ± 0.082 1.182 ± 0.037 1.174 ± 0.055 
Relative 6.11 ± 0.18 6.48 ± 0.20 6.54 ± 0.21 6.75 ± 0.32 6.31 ± 0.15 6.72 ± 0.25 

Thymus 
Absolute 0.276 ± 0.008 0.271 ± 0.007 0.263 ± 0.012 0.257 ± 0.010 0.259 ± 0.005 0.227 ± 0.0072** 
Relative 1.41 ± 0.03 1.40 ± 0.05 1.32 ± 0.05 1.35 ± 0.05 1.38 ± 0.02 1.27 ± 0.042 

1 Organ weights and body weights are given in grams; relative organ weights (organ-weight-to-body-weight ratios) are given as mg organ 
weight/g body weight (mean ± standard error). 

2 n = 9. 
* Significantly different (P#0.05) from the control group by Williams' or Dunnett's test. 
** Significantly different (P#0.01) from the control group by Williams' test. 
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TABLE A2 Organ Weights and Organ-Weight-to-Body-Weight Ratios for B6C3F1 Mice 
in the 13-Week Inhalation Study of Glutaraldehyde1 

0 ppb 62.5 ppb 125 ppb 250 ppb 500 ppb 1000 ppb 

Male 
n  10  10  10  10  10  0  

Necropsy body wt 36.1 ± 0.4 34.2 ± 0.6* 33.9 ± 0.8* 33.0 ± 0.5** 31.9 ± 0.8** 

Heart 
Absolute 0.161 ± 0.004 0.157 ± 0.003 0.162 ± 0.004 0.159 ± 0.005 0.150 ± 0.002 
Relative 4.46 ± 0.10 4.60 ± 0.08 4.79 ± 0.07* 4.82 ± 0.14* 4.72 ± 0.09* 

Right kidney 
Absolute 0.310 ± 0.007 0.327 ± 0.009 0.316 ± 0.008 0.318 ± 0.008 0.309 ± 0.007 
Relative 8.59 ± 0.16 9.56 ± 0.19** 9.34 ± 0.14** 9.65 ± 0.23** 9.72 ± 0.18** 

Liver 
Absolute 1.690 ± 0.037 1.616 ± 0.043 1.626 ± 0.039 1.570 ± 0.038* 1.569 ± 0.042* 
Relative 46.82 ± 0.94 47.26 ± 0.90 48.06 ± 0.56 47.62 ± 0.91 49.29 ± 0.99 

Lungs 
Absolute 0.217 ± 0.005 0.224 ± 0.007 0.223 ± 0.006 0.226 ± 0.006 0.218 ± 0.005 
Relative 6.02 ± 0.17 6.56 ± 0.20 6.60 ± 0.16* 6.87 ± 0.22** 6.87 ± 0.22** 

Right testis 
Absolute 0.120 ± 0.001 0.124 ± 0.002 0.125 ± 0.003 0.122 ± 0.002 0.121 ± 0.002 
Relative 3.32 ± 0.06 3.62 ± 0.09** 3.69 ± 0.06** 3.71 ± 0.09** 3.80 ± 0.08** 

Thymus 
Absolute 0.048 ± 0.002 0.049 ± 0.002 0.047 ± 0.002 0.044 ± 0.003 0.040 ± 0.003* 
Relative 1.32 ± 0.06 1.42 ± 0.04 1.38 ± 0.04 1.35 ± 0.09 1.24 ± 0.10 

Female 
n  10  10  10  10  8  0  

Necropsy body wt 30.9 ± 0.3 31.1 ± 0.8 30.3 ± 0.6 28.7 ± 0.5** 27.3 ± 0.6** 

Heart 
Absolute 0.143 ± 0.002 0.143 ± 0.002 0.144 ± 0.002 0.137 ± 0.002 0.140 ± 0.004 
Relative 4.63 ± 0.06 4.62 ± 0.12 4.77 ± 0.09 4.78 ± 0.09 5.14 ± 0.12** 

Right kidney 
Absolute 0.203 ± 0.003 0.229 ± 0.006** 0.224 ± 0.004** 0.218 ± 0.003 0.218 ± 0.005 
Relative 6.59 ± 0.16 7.39 ± 0.20** 7.41 ± 0.12** 7.61 ± 0.16** 7.98 ± 0.13** 

Liver 
Absolute 1.538 ± 0.033 1.640 ± 0.044 1.627 ± 0.035 1.524 ± 0.033 1.444 ± 0.060 
Relative 49.78 ± 0.75 52.73 ± 0.54* 53.82 ± 0.83* 53.06 ± 0.71* 52.93 ± 1.77* 

Lungs 
Absolute 0.216 ± 0.003 0.236 ± 0.004** 0.229 ± 0.005 0.224 ± 0.005 0.215 ± 0.004 
Relative 7.00 ± 0.14 7.61 ± 0.14* 7.58 ± 0.18* 7.82 ± 0.20** 7.89 ± 0.10** 

Thymus 
Absolute 0.060 ± 0.003 0.059 ± 0.002 0.058 ± 0.003 0.055 ± 0.001 0.052 ± 0.003* 
Relative 1.94 ± 0.08 1.90 ± 0.04 1.91 ± 0.10 1.91 ± 0.05 1.92 ± 0.12 

Organ weights and body weights are given in grams; relative organ weights (organ-weight-to-body-weight ratios) are given as mg organ 
weight/g body weight (mean ± standard error).  Data are not available for the highest dose group (1000ppb) since there were no 
survivors in this group at 13weeks. 

* Significantly different (P#0.05) from the control group by Williams' test. 
** Significantly different (P#0.01) from the control group by Williams' or Dunnett's test. 
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TABLE B1 Hematology Data for F344/N Rats in the 13-Week Inhalation Study 
of Glutaraldehyde1 

0 ppb 62.5 ppb 125 ppb 250 ppb 500 ppb 1000 ppb 
Male 
Manual hematocrit (%) 

Day 4 42.0 ± 0.3 41.2 ± 0.5 41.4 ± 0.3 41.9 ± 0.4 42.0 ± 0.3 42.8 ± 0.4 

Day 24 47.4 ± 0.2 46.7 ± 0.3 46.3 ± 0.5 47.0 ± 0.4 46.5 ± 0.4 49.3 ± 0.7 

Day 94 46.9 ± 0.3 46.3 ± 0.4 48.2 ± 0.3 46.3 ± 0.4 46.5 ± 0.1 47.2 ± 0.4 

Volume of packed red cells (mL/dL) 

Day 4 42.0 ± 0.4 41.3 ± 0.5 41.7 ± 0.4 42.1 ± 0.4 42.4 ± 0.3 42.9 ± 0.3 

Day 24 47.2 ± 0.3 46.4 ± 0.5 45.9 ± 0.5 46.6 ± 0.5 45.8 ± 0.4 49.7 ± 0.6 

Day 94 46.7 ± 0.2 46.2 ± 0.3 48.3 ± 0.4 46.3 ± 0.4 46.4 ± 0.1 46.7 ± 0.4 

Hemoglobin (g/dL) 

Day 4 13.3 ± 0.1 13.2 ± 0.2 13.4 ± 0.1 13.4 ± 0.1 13.5 ± 0.1 13.6 ± 0.1 

Day 24 15.1 ± 0.1 14.9 ± 0.2 14.7 ± 0.1 15.0 ± 0.2 14.6 ± 0.1 16.0 ± 0.2 

Day 94 14.9 ± 0.1 14.8 ± 0.1 15.3 ± 0.1** 15.0 ± 0.22 15.2 ± 0.1* 15.2 ± 0.2 

Erythrocytes (106/µL) 

Day 4 7.05 ± 0.09 7.04 ± 0.11 7.02 ± 0.08 7.12 ± 0.07 7.13 ± 0.08 7.21 ± 0.08 

Day 24 8.09 ± 0.08 8.02 ± 0.10 7.88 ± 0.11 7.99 ± 0.10 7.91 ± 0.09 8.73 ± 0.11* 

Day 94 8.83 ± 0.06 8.85 ± 0.06 9.17 ± 0.08** 8.85 ± 0.07 8.90 ± 0.03 8.97 ± 0.08 

Reticulocytes (106/µL) 

Day 4 0.40 ± 0.02 0.41 ± 0.02 0.45 ± 0.03 0.45 ± 0.02 0.40 ± 0.02 0.42 ± 0.03 

Day 24 0.28 ± 0.02 0.28 ± 0.02 0.30 ± 0.02 0.31 ± 0.01 0.28 ± 0.02 0.20 ± 0.03 

Day 94 0.18 ± 0.01 0.15 ± 0.01 0.18 ± 0.01 0.18 ± 0.02 0.19 ± 0.01 0.18 ± 0.01 

Nucleated erythrocytes (/100 leukocytes) 

Day 4 1.40 ± 0.37 2.10 ± 0.77 1.20 ± 0.49 0.600 ± 0.22 1.30 ± 0.45 0.80 ± 0.13 

Day 24 1.10 ± 0.28 0.70 ± 0.30 1.10 ± 0.53 0.80 ± 0.42 0.90 ± 0.23 0.90 ± 0.23 

Day 94 0.10 ± 0.10 0.30 ± 0.15 0.30 ± 0.15 0.30 ± 0.15 0.60 ± 0.27 0.60 ± 0.34 

Mean cell volume (fL) 

Day 4 59.6 ± 0.3 58.8 ± 0.3 59.6 ± 0.3 59.3 ± 0.3 59.7 ± 0.5 59.7 ± 0.5 

Day 24 58.2 ± 0.4 57.8 ± 0.3 58.0 ± 0.3 58.5 ± 0.3 57.9 ± 0.4 57.0 ± 0.3* 

Day 94 52.9 ± 0.3 52.3 ± 0.2 52.6 ± 0.2 52.3 ± 0.3 52.1 ± 0.2* 52.3 ± 0.2 

Mean cell hemoglobin (pg) 

Day 4 18.9 ± 0.1 18.8 ± 0.1 19.1 ± 0.1 18.8 ± 0.1 18.9 ± 0.2 18.9 ± 0.2 

Day 24 18.7 ± 0.1 18.5 ± 0.1 18.7 ± 0.1 18.7 ± 0.1 18.5 ± 0.1 18.4 ± 0.1 

Day 94 16.9 ± 0.1 16.7 ± 0.1 16.7 ± 0.1 16.7 ± 0.1 16.7 ± 0.1 16.6 ± 0.1 

Mean cell hemoglobin concentration (g/dL) 

Day 4 31.6 ± 0.1 32.1 ± 0.1 32.2 ± 0.1** 31.8 ± 0.1 31.9 ± 0.1 31.8 ± 0.1 

Day 24 32.0 ± 0.1 32.0 ± 0.1 32.1 ± 0.1 32.2 ± 0.1 32.0 ± 0.1 32.2 ± 0.1 

Day 94 31.9 ± 0.1 32.1 ± 0.1 31.8 ± 0.1 32.0 ± 0.1 32.1 ± 0.1 31.9 ± 0.1 

Platelets (103/µL) 

Day 4 785.5 ± 13.6 800.3 ± 18.9 768.2 ± 17.5 780.8 ± 15.9 818.0 ± 14.9 759.6 ± 14.1 

Day 24 678.3 ± 14.5 707.2 ± 10.2 733.7 ± 22.7 721.9 ± 12.9 762.7 ± 21.9 552.3 ± 25.0 

Day 94 531.4 ± 12.9 529.4 ± 11.5 508.5 ± 14.7 527.5 ± 10.5 510.3 ± 8.5 527.8 ± 9.5 

Leukocytes (103/µL) 

Day 4 7.68 ± 0.28 7.29 ± 0.39 7.86 ± 0.36 8.36 ± 0.29 8.94 ± 0.41* 8.18 ± 0.26 

Day 24 7.41 ± 0.35 6.75 ± 0.38 7.36 ± 0.18 7.60 ± 0.42 7.67 ± 0.38 8.71 ± 0.50 

Day 94 7.36 ± 0.59 7.68 ± 0.212 8.75 ± 0.41 7.51 ± 0.48 6.31 ± 0.13** 6.77 ± 0.16* 

Segmented neutrophils (103/µL) 

Day 4 0.92 ± 0.08 0.78 ± 0.11 0.93 ± 0.07 0.87 ± 0.09 1.13 ± 0.16 1.09 ± 0.12 

Day 24 0.72 ± 0.05 0.90 ± 0.12 1.19 ± 0.06** 0.94 ± 0.11* 0.90 ± 0.10 2.48 ± 0.36** 

Day 94 1.38 ± 0.17 1.32 ± 0.052 1.22 ± 0.13 1.14 ± 0.20 0.98 ± 0.08 1.38 ± 0.09 
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TABLE B1 Hematology Data for F344/N Rats in the 13-Week Inhalation Study 
of Glutaraldehyde (continued) 

0 ppb 62.5 ppb 125 ppb 250 ppb 500 ppb 1000 ppb 

Male (continued) 

Lymphocytes (103/µL) 

Day 4 6.61 ± 0.22 6.45 ± 0.37 6.80 ± 0.39 7.34 ± 0.30 7.63 ± 0.35* 6.95 ± 0.17 

Day 24 6.60 ± 0.34 5.79 ± 0.28 6.10 ± 0.14 6.59 ± 0.37 6.72 ± 0.36 6.19 ± 0.41 

Day 94 6.35 ± 0.242 6.00 ± 0.40 7.45 ± 0.36 6.33 ± 0.38 5.28 ± 0.17* 5.35 ± 0.21* 

Monocytes (103/µL) 

Day 4 0.07 ± 0.02 0.03 ± 0.01 0.06 ± 0.04 0.12 ± 0.03 0.14 ± 0.04 0.10 ± 0.02 

Day 24 0.04 ± 0.02 0.03 ± 0.01 0.03 ± 0.02 0.05 ± 0.02 0.04 ± 0.02 0.02 ± 0.01 

Day 94 0.01 ± 0.01 0.00 ± 0.00 0.01 ± 0.01 0.02 ± 0.01 0.00 ± 0.00 0.01 ± 0.01 

Eosinophils (103/µL) 

Day 4 0.07 ± 0.02 0.03 ± 0.01 0.06 ± 0.02 0.03 ± 0.01 0.04 ± 0.02 0.04 ± 0.01 

Day 24 0.06 ± 0.01 0.03 ± 0.01* 0.04 ± 0.02 0.02 ± 0.01 0.02 ± 0.02* 0.03 ± 0.01* 

Day 94 0.05 ± 0.02 0.01 ± 0.01 0.06 ± 0.02 0.01 ± 0.012 0.05 ± 0.02 0.04 ± 0.01 

Female 
Manual hematocrit (%) 

Day 4 43.6 ± 0.5 42.7 ± 0.42 44.0 ± 0.4 44.2 ± 0.5 44.6 ± 0.4 44.7 ± 0.42 

Day 24 47.6 ± 0.3 47.5 ± 0.2 46.9 ± 0.4 48.1 ± 0.2 48.3 ± 0.4 48.8 ± 0.7 

Day 94 47.0 ± 0.6 46.3 ± 0.4 47.4 ± 0.4 47.0 ± 0.42 47.6 ± 0.2 47.0 ± 0.5 

Volume of packed red cells (mL/dL) 

Day 4 44.0 ± 0.5 43.4 ± 0.52 44.8 ± 0.5 44.7 ± 0.5 45.6 ± 0.6* 45.5 ± 0.52* 

Day 24 48.7 ± 0.3 49.0 ± 0.3 47.9 ± 0.5 48.8 ± 0.4 48.8 ± 0.5 49.7 ± 0.8 

Day 94 47.3 ± 0.5 47.0 ± 0.6 48.2 ± 0.5 47.2 ± 0.62 48.0 ± 0.3 48.1 ± 0.5 

Hemoglobin (g/dL) 

Day 4 13.8 ± 0.2 13.8 ± 0.12 14.1 ± 0.1 14.2 ± 0.2 14.2 ± 0.2 14.2 ± 0.22 

Day 24 15.5 ± 0.1 15.7 ± 0.1 15.3 ± 0.2 15.6 ± 0.1 15.5 ± 0.2 16.0 ± 0.3 

Day 94 15.0 ± 0.2 14.9 ± 0.2 15.4 ± 0.2 15.0 ± 0.22 15.2 ± 0.1 15.2 ± 0.2 

Erythrocytes (106/µL) 

Day 4 7.36 ± 0.12 7.45 ± 0.062 7.58 ± 0.11 7.53 ± 0.12 7.68 ± 0.12* 7.64 ± 0.132 

Day 24 8.25 ± 0.09 8.39 ± 0.08 8.18 ± 0.09 8.29 ± 0.07 8.37 ± 0.11 8.70 ± 0.19 

Day 94 8.31 ± 0.09 8.29 ± 0.10 8.54 ± 0.10 8.31 ± 0.102 8.51 ± 0.05 8.51 ± 0.12 

Reticulocytes (106/µL) 

Day 4 0.35 ± 0.02 0.39 ± 0.032 0.37 ± 0.03 0.40 ± 0.022 0.37 ± 0.03 0.35 ± 0.022 

Day 24 0.19 ± 0.01 0.17 ± 0.01 0.20 ± 0.02 0.17 ± 0.02 0.18 ± 0.02 0.15 ± 0.03 

Day 94 0.16 ± 0.01 0.16 ± 0.01 0.15 ± 0.01 0.16 ± 0.012 0.18 ± 0.01 0.16 ± 0.01 

Nucleated erythrocytes (/100 leukocytes) 

Day 4 1.11 ± 0.262 1.56 ± 0.442 0.90 ± 0.28 1.50 ± 0.31 1.10 ± 0.38 1.56 ± 0.482 

Day 24 0.30 ± 0.15 0.40 ± 0.16 0.30 ± 0.15 0.10 ± 0.10 0.20 ± 0.13 0.30 ± 0.15 

Day 94 0.90 ± 0.48 1.00 ± 0.39 0.50 ± 0.22 0.89 ± 0.422 0.30 ± 0.21 0.80 ± 0.25 

Mean cell volume (fL) 

Day 4 59.7 ± 0.4 58.3 ± 0.22* 59.2 ± 0.3 59.5 ± 0.2 59.2 ± 0.3 59.7 ± 0.42 

Day 24 59.1 ± 0.4 58.4 ± 0.3 58.5 ± 0.5 58.7 ± 0.2 58.4 ± 0.3 57.3 ± 0.5** 

Day 94 56.9 ± 0.1 56.7 ± 0.2 56.6 ± 0.2 56.9 ± 0.22 56.4 ± 0.2* 56.5 ± 0.2 

Mean cell hemoglobin (pg) 

Day 4 18.8 ± 0.1 18.5 ± 0.12 18.7 ± 0.1 18.8 ± 0.1 18.6 ± 0.2 18.7 ± 0.12 

Day 24 18.8 ± 0.1 18.7 ± 0.1 18.7 ± 0.1 18.8 ± 0.1 18.5 ± 0.1 18.5 ± 0.1 

Day 94 18.0 ± 0.1 17.9 ± 0.0 18.1 ± 0.1 18.0 ± 0.12 17.9 ± 0.1 17.9 ± 0.1 





  
 

  
 
  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

B-5 GLUTARALDEHYDE, NTP TOXICITY REPORT NUMBER 25 

TABLE B2 Clinical Chemistry Data for F344/N Rats 
in the 13-Week Inhalation Study of Glutaraldehyde1 

0 ppb 62.5 ppb 125 ppb 250 ppb 500 ppb 1000 ppb 

Male 

Alanine aminotransferase (IU/L) 

Day 4 43 ± 1 44 ± 1 45 ± 1 45 ± 1 45 ± 1 45 ± 1 

Day 24 37 ± 0 38 ± 1 38 ± 1 41 ± 1* 45 ± 4* 51 ± 3** 

Day 94 51 ± 2 61 ± 5 68 ± 7 47 ± 4 52 ± 3 44 ± 2 

Albumin (g/dL) 

Day 4 3.5 ± 0.1 3.5 ± 0.0 3.5 ± 0.0 3.5 ± 0.1 3.6 ± 0.0 3.7 ± 0.0 

Day 24 4.0 ± 0.0 3.9 ± 0.0 3.8 ± 0.1 3.8 ± 0.0 3.9 ± 0.0 3.9 ± 0.1 

Day 94 3.9 ± 0.0 3.9 ± 0.1 3.8 ± 0.1 3.8 ± 0.0 3.9 ± 0.1 3.8 ± 0.0 

Albumin/globulin ratio 

Day 4 1.7 ± 0.1 1.7 ± 0.1 1.7 ± 0.0 1.6 ± 0.0 1.8 ± 0.1 1.7 ± 0.1 

Day 24 1.5 ± 0.0 1.6 ± 0.0 1.5 ± 0.0 1.5 ± 0.0 1.6 ± 0.1 1.7 ± 0.1 

Day 94 1.3 ± 0.0 1.3 ± 0.0 1.3 ± 0.0 1.3 ± 0.1 1.4 ± 0.1 1.4 ± 0.1 

Alkaline phosphatase (IU/L) 

Day 4 801 ± 27 835 ± 19 872 ± 19 799 ± 19 782 ± 23 771 ± 29 

Day 24 538 ± 18 559 ± 15 579 ± 10 544 ± 36 561 ± 9 499 ± 34 

Day 94 290 ± 7 287 ± 5 335 ± 20* 291 ± 6 305 ± 7 312 ± 9 

Bile acids (µmol/L) 

Day 4 20.40 ± 1.73 16.20 ± 1.08 16.00 ± 1.37 16.30 ± 1.05 15.10 ± 0.64 19.80 ± 2.53 

Day 24 30.20 ± 3.38 26.70 ± 2.16 24.00 ± 2.25 25.90 ± 2.60 29.90 ± 2.27 25.70 ± 1.41 

Day 94 21.10 ± 1.83 22.40 ± 2.09 16.60 ± 1.01 23.80 ± 3.59 17.80 ± 0.63 19.22 ± 1.122 

Creatine kinase (IU/L) 

Day 4 237 ± 14 232 ± 18 380 ± 72 243 ± 20 248 ± 20 384 ± 82 

Day 24 212 ± 32 183 ± 22 186 ± 27 206 ± 34 209 ± 21 230 ± 30 

Day 94 85 ± 62 111 ± 24 68 ± 5 106 ± 10 106 ± 15 71 ± 4 

Creatinine (mg/dL) 

Day 4 0.63 ± 0.02 0.59 ± 0.01 0.63 ± 0.02 0.62 ± 0.01 0.56 ± 0.02** 0.57 ± 0.03* 

Day 24 0.66 ± 0.03 0.68 ± 0.02 0.63 ± 0.02 0.59 ± 0.02 0.58 ± 0.01* 0.60 ± 0.03 

Day 94 0.66 ± 0.02 0.68 ± 0.03 0.65 ± 0.03 0.63 ± 0.02 0.68 ± 0.02 0.61 ± 0.01 

Globulin (g/dL) 

Day 4 2.1 ± 0.1 2.1 ± 0.1 2.0 ± 0.0 2.2 ± 0.0 2.0 ± 0.1 2.2 ± 0.1 

Day 24 2.6 ± 0.1 2.5 ± 0.1 2.5 ± 0.1 2.6 ± 0.1 2.4 ± 0.1 2.4 ± 0.1* 

Day 94 2.9 ± 0.1 3.0 ± 0.1 2.9 ± 0.1 3.0 ± 0.1 2.9 ± 0.1 2.8 ± 0.1 

Sorbitol dehydrogenase (IU/L) 

Day 4 16 ± 1 16 ± 0 15 ± 0 16 ± 0 15 ± 0 15 ± 1 

Day 24 16 ± 1 16 ± 1 15 ± 1 17 ± 1 18 ± 2 18 ± 1 

Day 94 20 ± 1 26 ± 3 23 ± 2 16 ± 02* 19 ± 1 14 ± 0** 

Total protein (g/dL) 

Day 4 5.6 ± 0.1 5.6 ± 0.0 5.5 ± 0.1 5.7 ± 0.1 5.6 ± 0.0 5.9 ± 0.1** 

Day 24 6.6 ± 0.1 6.4 ± 0.1 6.3 ± 0.1** 6.4 ± 0.1* 6.3 ± 0.1* 6.3 ± 0.1* 

Day 94 6.8 ± 0.1 6.9 ± 0.1 6.7 ± 0.0 6.8 ± 0.1 6.9 ± 0.1 6.6 ± 0.1 

Urea nitrogen (mg/dL) 

Day 4 20.2 ± 1.0 21.8 ± 0.9 21.3 ± 0.5 23.4 ± 0.8* 22.0 ± 0.7 22.4 ± 0.8 

Day 24 16.9 ± 0.5 17.1 ± 0.8 17.4 ± 0.6 16.5 ± 0.4 15.9 ± 0.4 16.1 ± 0.8 

Day 94 20.5 ± 0.5 21.0 ± 0.8 22.2 ± 0.6 20.9 ± 0.6 21.5 ± 0.7 21.6 ± 0.5 
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APPENDIX C 

Reproductive Tissue Evaluations
and Estrous Cycle Characterization 

Table C1	 Summary of Reproductive Tissue Evaluations in Male F344/N Rats
 
in the 13-Week Inhalation Study of Glutaraldehyde ................................ C-2
 

Table C2	 Summary of Estrous Cycle Characterization in Female F344/N Rats
 
in the 13-Week Inhalation Study of Glutaraldehyde ................................ C-2
 

Table C3	 Summary of Reproductive Tissue Evaluations in Male B6C3F  Mice1

in the 13-Week Inhalation Study of Glutaraldehyde ................................ C-3
 

1Table C4 Summary of Estrous Cycle Characterization in Female B6C3F  Mice 

in the 13-Week Inhalation Study of Glutaraldehyde ................................ C-3
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1 

Glutaraldehyde, NTP Toxicity Report Number 25 

TABLE C1 Summary of Reproductive Tissue Evaluations in Male F344/N Rats  
in the 13-Week Inhalation Study of Glutaraldehyde1 

Study Parameters 0 ppb 62.5 ppb 250 ppb 1000 ppb 

Weights (g) 
Necropsy body weight 329 ± 8 337 ± 8 332 ± 6 303 ± 7* 

Left epididymis 0.266 ± 0.005 0.268 ± 0.007 0.268 ± 0.004 0.265 ± 0.006 

Left cauda epididymis 0.169 ± 0.006 0.167 ± 0.004 0.170 ± 0.004 0.161 ± 0.004 

Left testis 1.45 ± 0.03 1.46 ± 0.03 1.43 ± 0.02 1.40 ± 0.02 

Spermatid measurements 
Spermatid heads 

(107/g testis) 8.53 ± 0.44 8.75 ± 0.34 8.53 ± 0.41 9.15 ± 0.30 

Spermatid heads (107/testis) 12.26 ± 0.43 12.73 ± 0.55 12.17 ± 0.50 12.80 ± 0.33 

Spermatid count 

(mean/10-4mL suspension) 61.30 ± 2.14 63.63 ± 2.75 60.85 ± 2.50 64.00 ± 1.63 

Spermatozoal measurements 
Motility (%) 94.92 ± 0.50 93.97 ± 0.49 95.74 ± 0.95 95.40 ± 0.69 

Concentration 

(106/g cauda epididymal tissue) 983.3 ± 43.3 1066.9 ± 39.2 1036.7 ± 47.2 1020.0 ± 71.7 

Data presented as mean ± standard error; n=10.  Differences from the control group for testicular weights are not significant by 

Shirley's test; epididymal and epididymal tail weights, spermatid measurements, and spermatozoal measurements are not significant by 

Dunn's test. 

* Significantly different (P≤0.05) from the control group by Williams' test. 

TABLE C2 	 Summary of Estrous Cycle Characterization in Female F344/N Rats  
in the 13-Week Inhalation Study of Glutaraldehyde1 

Study Parameters 0 ppb 62.5 ppb 250 ppb2 1000 ppb 

Necropsy body weight (g) 196 ± 3 195 ± 4 190 ± 5 175 ± 5** 

Estrous cycle length (days) 4.65 ± 0.15 5.00 ± 0.00 4.88 ± 0.163 4.90 ± 0.16 

Estrous stages as % of cycle 
Diestrus 39.2 39.2 33.3 36.7 

Proestrus 15.0 18.3 18.5 18.3 

Estrus 27.5 21.7 29.6 26.7 

Metestrus 18.3 20.8 18.5 18.3 

1 Data presented as mean ± standard error; n=10, except where noted.  Estrous cycle lengths are not significant by Dunn's test. By 

multivariate analysis of variance dosed groups do not differ significantly from controls in cycle length or in the relative length of time 

spent in the estrous stages. 
2 For the 250 ppb concentration group, n=9. 
3 Estrous cycle longer than 12 days or unclear in one of nine animals; data for this animal were not included in the mean. 

** Significantly different (P≤0.01) from the control group by Williams' test. 
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GLUTARALDEHYDE, NTP TOXICITY REPORT NUMBER 25 

TABLE C3 Summary of Reproductive Tissue Evaluations in Male B6C3F1 Mice 

in the 13-Week Inhalation Study of Glutaraldehyde1 

Study Parameters	 0 ppb 62.5 ppb 250 ppb 500 ppb 

Weights (g) 
Necropsy body weight 36.1 ± 0.4 34.2 ± 0.6* 33.0 ± 0.5** 31.9 ± 0.8** 

Left epididymis 0.029 ± 0.001 0.027 ± 0.001 0.029 ± 0.001 0.026 ± 0.001* 

Left cauda epididymis 0.016 ± 0.001 0.016 ± 0.001 0.015 ± 0.001 0.015 ± 0.001 

Left testis 0.116 ± 0.001 0.117 ± 0.002 0.117 ± 0.001 0.114 ± 0.002 

Spermatid measurements 
Spermatid heads 

(107/g testis) 10.60 ± 0.81 11.23 ± 1.24 10.63 ± 1.06 10.48 ± 0.97 

Spermatid heads (107/testis) 1.23 ± 0.10 1.31 ± 0.14 1.24 ± 0.12 1.19 ± 0.11 

Spermatid count 

(mean/10-4mL suspension) 38.40 ± 3.01 41.05 ± 4.51 38.68 ± 3.85 37.13 ± 3.40 

Spermatozoal measurements 
Motility (%) 95.34 ± 0.61 95.60 ± 0.65 94.84 ± 0.44 94.44 ± 0.78 

Concentration 

(106/g cauda epididymal tissue) 1657 ± 141 1794 ± 107 1742 ± 118 1920 ± 106 

Data presented as mean ± standard error; n=10, except where noted.  Differences from the control group for testicular weights, 

epididymal tail weights, spermatid measurements, and spermatozoal measurements are not significant by Dunn's test. 

* Significantly different (P≤0.05) from the control group by Williams' test (necropsy body weights) or Shirley's test (left epididymal 

weights). 

** Significantly different (P≤0.01) from the control group by Williams' test. 

TABLE C4 	 Summary of Estrous Cycle Characterization in Female B6C3F1 Mice 

in the 13-Week Inhalation Study of Glutaraldehyde1 

Study Parameters 0 ppb 62.5 ppb 250 ppb 500 ppb2 

Necropsy body weight (g) 30.9 ± 0.3 31.1 ± 0.8 28.7 ± 0.5** 27.3 ± 0.6** 

Estrous cycle length (days) 4.26 ± 0.11 4.50 ± 0.40 4.25 ± 0.11 4.21 ± 0.153 

Estrous stages as % of cycle4 

Diestrus 23.3 25.8 26.7 31.3 

Proestrus 20.0 21.7 20.0 9.4 

Estrus 31.7 31.7 34.2 37.5 

Metestrus 25.0 20.8 19.2 21.9 

1 Data presented as mean ± standard error; n=10, except where noted. 
2 For the 500 ppb concentration group, n=8. 
3 n = 7. 
4 Evidence suggests animals in the 250 and 500 ppb concentration groups differed significantly (P<0.05, Wilk's Criterion) from the 

controls in the relative length of time spent in the estrous stages.  Females in these two concentration groups spent more time in estrus 

and diestrus and less time in metestrus than did controls. 

** Significantly different (P≤0.01) from the control group by Williams' test. 
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APPENDIX D 

Genetic Toxicology 

Table D1	 Mutagenicity of Glutaraldehyde in Salmonella typhimurium ................................D-2
 

Table D2	 Induction of Trifluorothymidine Resistance in Mouse Lymphoma L5178Y Cells  

by Glutaraldehyde ..............................................................................................D-6
 

Table D3	 Induction of Sister Chromatid Exchanges in Chinese Hamster Ovary Cells  

by Glutaraldehyde ..............................................................................................D-8
 

Table D4	 Induction of Chromosomal Aberrations in Chinese Hamster Ovary Cells  

by Glutaraldehyde ............................................................................................D-10
 

Table D5	 Induction of Sex-Linked Recessive Lethal Mutations in Drosophila melanogaster
 
by Glutaraldehyde ............................................................................................D-11
 



  
 

    
 
    
 
          
   
 

 
 

  
    
  
    
  
           
            
       
         
         
    
 

  
  

 
  
  
  
    
  
           
            
   
      
       
    
 

  
 

 
  
    
  
    
  
          
            
   
      
       
    
 

  
 

D-2 GLUTARALDEHYDE, NTP TOXICITY REPORT NUMBER 25 

TABLE D1 Mutagenicity of Glutaraldehyde in Salmonella typhimurium1 

Revertants/plate2 

Strain Dose -S9 +10% hamster S9 +10% rat S9 

(µg/plate) Trial 1 Trial 2 Trial 1 Trial 2 Trial 1 Trial 2 

Study performed at EG&G Mason Research Institute 

TA100 0 
3.3 

10 
20 
33 
50 
75 

100 
150 
200 
333 

120 ± 6.9 
133 ± 1.7 
140 ± 9.8 

192 ± 11.7 

70 ± 8.63 

Toxic 

116 ± 8.6 
134 ± 3.8 
130 ± 10.1 
159 ± 7.2 
229 ± 8.4 
227 ± 23.63 

124 ± 10.4 
126 ± 10.1 
132 ± 4.4 

124 ± 7.8 

179 ± 5.5 

Toxic 

76 ± 

81 ± 

88 ± 

146 ± 
163 ± 
75 ± 

0.9 

4.7 

8.5 

9.8 
4.93 

2.93 

148 ± 4.4 
134 ± 2.4 
135 ± 8.7 

178 ± 8.2 

182 ± 12.83 

75 ± 7.53 

122 ± 1.2 

135 ± 2.9 

178 ± 13.3 
218 ± 13.6 
219 ± 1.8 
147 ± 11.33 

Trial summary 
Positive control4 

Equivocal 
1496 ± 14.6 

Positive 
1949 ± 20.1 

Equivocal 
1326 ± 58.7 

Positive 
1337 ± 47.2 

Equivocal 
972 ± 24.8 

Positive 
1262 ± 69.9 

TA1535 0 
3.3 

10 
20 
33 
50 
75 

100 
150 
200 
333 

19 ± 2.5 
29 ± 1.9 
27 ± 2.3 

22 ± 2.3 

Toxic 

Toxic 

19 ± 
19 ± 
17 ± 
23 ± 
19 ± 
19 ± 

4.6 
1.5 
0.6 
1.5 
1.3 
3.03 

12 ± 1.5 
10 ± 2.4 
10 ± 1.5 

9 ± 2.0 

14 ± 1.9 

Toxic 

10 ± 
10 ± 
10 ± 

13 ± 

11 ± 
10 ± 
9 ± 

0.3 
0.7 
0.9 

2.0 

0.9 
2.1 
1.73 

11 ± 3.9 

9 ± 1.2 

9 ± 1.5 

9 ± 0.73

Toxic 

11 ± 

12 ± 

11 ± 
11 ± 
13 ± 

 13 ± 

2.2 

1.3 

1.8 
1.5 
1.3 
1.3 

Trial summary 
Positive control 

Negative 
1521 ± 10.7 

Negative 
1467 ± 30.2 

Negative 
170 ± 40.8 

Negative 
123 ± 17.7 

Negative 
38 ± 6.1 

Negative 
71 ± 6.4 

TA1537 0 
3.3 

10 
20 
33 
50 
75 

100 
150 
200 
333 

9 ± 0.9 
8 ± 1.2 

11 ± 2.5 

10 ± 1.2 

Toxic 

Toxic 

9 ± 
6 ± 
7 ± 

11 ± 
11 ± 
9 ± 

2.0 
0.0 
1.2 
0.7 
0.9 
2.0 

8 ± 1.2 
8 ± 1.9 
9 ± 2.3 

8 ± 1.5 

9 ± 1.0 

Toxic 

11 ± 

10 ± 

9 ± 

11 ± 
15 ± 
9 ± 

0.3 

1.2 

1.7 

1.7 
3.3 
0.93 

7 ± 1.0 
7 ± 0.3 
8 ± 1.3 

11 ± 1.9 

8 ± 1.2 

Toxic 

10 ± 

8 ± 

11 ± 
9 ± 
8 ± 

15 ± 

1.9 

2.3 

0.9 
1.5 
1.8 
3.2 

Trial summary Negative Negative Negative Negative Negative Negative 

Positive control 509 ± 84.3 447 ± 21.4 71 ± 6.1 129 ± 1.5 34 ± 8.1 125 ± 9.8 
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TABLE D1 Mutagenicity of Glutaraldehyde in Salmonella typhimurium (continued) 

Revertants/plate

 Strain Dose -S9 +10% hamster S9 +10% rat S9 

(µg/plate) Trial 1 Trial 2 Trial 1 Trial 2 Trial 1 Trial 2 

TA98 0 
3.3 

10 
20 
33 
50 
75 

100 
150 
200 
333 

25 ± 5.7 
22 ± 0.7 
25 ± 1.5 

32 ± 3.33 

Toxic 

Toxic 

27 ± 5.6 
28 ± 2.7 
32 ± 2.1 
30 ± 3.6 
37 ± 7.4 
38 ± 4.1 

28 ± 2.5 
19 ± 2.1 
23 ± 4.3 

26 ± 2.8 

27 ± 2.5 

16 ± 2.13 

32 ± 2.8 

30 ± 4.6 

28 ± 3.2 

28 ± 3.7 
44 ± 3.0 
32 ± 1.53 

27 ± 1.9 
23 ± 1.5 
24 ± 1.2 

34 ± 5.2 

35 ± 0.93

Toxic 

32 ± 3.2 

28 ± 2.5 

38 ± 2.7 
42 ± 4.0 
54 ± 4.6 

 36 ± 3.83 

Trial summary 
Positive control 

Negative 
2245 ± 98.6 

Negative 
1434 ± 19.3 

Negative 
1121 ± 62.3 

Equivocal 
1093 ± 20.9 

Negative 
469 ± 32.3 

Equivocal 
1007 ± 55.1 
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TABLE D1 Mutagenicity of Glutaraldehyde in Salmonella typhimurium (continued) 

Revertants/plate 

Strain Dose -S9 +10% hamster S9 +10% rat S9 

(µg/plate) Trial 1 Trial 2 Trial 1 Trial 2 Trial 1 Trial 2 

Study performed at Case Western Reserve University 

TA100 0 92 ± 2.8 98 ± 2.6 117 ± 20.8 113 ± 6.4 85 ± 2.7 111 ± 9.1 
10 91 ± 3.6 116 ± 0.3 175 ± 10.0 
33 99 ± 2.7 93 ± 0.6 101 ± 12.0 114 ± 6.9 95 ± 2.6 137 ± 12.5 

100 96 ± 8.5 93 ± 6.2 98 ± 2.8 160 ± 17.0 114 ± 7.1 163 ± 6.6 
333 99 ± 6.4 87 ± 5.0 130 ± 12.0 Toxic 133 ± 8.7 Toxic 

1000 Toxic 95 ± 3.5 Toxic 4 ± 4.0 65 ± 9.5 3 ± 3.3 
3333 0 ± 0.0 0 ± 0.0 0 ± 0.0 

Trial summary Negative Negative Negative Negative Equivocal Equivocal 
Positive control 307 ± 18.1 394 ± 78.3 2397 ± 104.0 2104 ± 81.4 2363 ± 61.5 1230 ± 27.7 

TA1535 0 10 ± 2.0 5 ± 1.2 9 ± 2.0 11 ± 0.6 10 ± 1.0 3 ± 0.3 
10 7 ± 0.6 9 ± 1.5 3 ± 1.2 
33 8 ± 2.7 6 ± 0.6 7 ± 0.3 9 ± 0.3 10 ± 1.3 8 ± 0.7 

100 9 ± 1.9 2 ± 0.3 7 ± 1.0 6 ± 0.9 10 ± 1.8 3 ± 0.6 
333 8 ± 1.7 2 ± 0.3 9 ± 2.5 5 ± 1.2 7 ± 0.3 3 ± 0.6 

1000 5 ± 1.5 0 ± 0.3 4 ± 1.2 2 ± 1.7 4 ± 0.3 3 ± 1.5 
3333 0 ± 0.0 0 ± 0.0 0 ± 0.0 

Trial summary Negative Negative Negative Negative Negative Negative 
Positive control 97 ± 46.8 310 ± 33.8 39 ± 8.1 41 ± 3.8 37 ± 8.4 42 ± 4.3 

TA1537 0 4 ± 1.2 3 ± 1.2 6 ± 2.6 8 ± 1.5 8 ± 1.9 8 ± 1.8 
10 4 ± 0.9 7 ± 2.0 5 ± 0.9 
33 2 ± 1.2 2 ± 0.3 7 ± 0.3 6 ± 0.3 7 ± 1.2 8 ± 1.2 

100 4 ± 0.9 2 ± 0.3 7 ± 2.4 3 ± 1.2 12 ± 2.3 5 ± 0.7 
333 4 ± 1.2 1 ± 0.3 6 ± 2.1 2 ± 0.9 10 ± 1.2 1 ± 0.6 

1000 1 ± 0.7 0 ± 0.3 5 ± 0.9 1 ± 0.6 8 ± 0.9 0 ± 0.3 
3333 0 ± 0.0 0 ± 0.0 0 ± 0.0 

Trial summary Negative Negative Negative Negative Negative Negative 
Positive control 148 ± 19.5 72 ± 38.0 141 ± 4.4 163 ± 27.8 210 ± 58.3 72 ± 8.7 

TA98 0 12 ± 1.2 11 ± 0.9 24 ± 1.5 21 ± 3.0 26 ± 1.9 17 ± 1.9 
10 13 ± 1.9 25 ± 1.8 17 ± 4.1 
33 14 ± 1.5 10 ± 0.3 23 ± 3.2 22 ± 1.8 27 ± 2.7 26 ± 2.7 

100 14 ± 1.5 7 ± 3.8 31 ± 5.5 22 ± 5.0 37 ± 11.3 13 ± 1.2 
333 15 ± 1.7 4 ± 1.2 33 ± 2.9 20 ± 2.1 43 ± 9.0 18 ± 1.5 

1000 8 ± 1.2 5 ± 1.5 19 ± 7.5 17 ± 2.7 Toxic 18 ± 0.6 
3333 0 ± 0.0 0 ± 0.0 0 ± 0.0 

Trial summary Negative Negative Negative Negative Negative Negative 
Positive control 118 ± 11.8 150 ± 24.2 1775 ± 121.2 1590 ± 52.8 2141 ± 79.2 561 ± 12.0 
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TABLE D2	 Induction of Trifluorothymidine Resistance in Mouse Lymphoma L5178Y Cells  
 by Glutaraldehyde1 

Cloning Relative Mutant Mutant Average 
Compound Concentration Efficiency Total Growth Count Fraction2 Mutant 

(µg/mL) (%) (%) Fraction 

-S9 
Trial 1
 Distilled water 

68 
71 
58 
77 

98 
89 

102 
111 

68 
68 
55 
41 

33 
32 
31 
18 29 

 Ethyl methanesulfonate 

250 
70 
80 

91 
84 

312 
353 

149 
147 148* 

 Glutaraldehyde 
0.5 64 

68 
106 
153 

105 
48 

55 
23 39 

1 62 
83 

96 
154 

87 
80 

47 
32 40 

2 44 
80 

71 
199 

120 
67 

91 
28 59* 

4 69 
75 

100 
128 

98 
97 

47 
43 45 

8 29 
67 

26 
22 

236 
285 

270 
142 206* 

16 Lethal 
Lethal 
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D-7 

TABLE D2 Induction of Trifluorothymidine Resistance in Mouse Lymphoma L5178Y Cells 
 by Glutaraldehyde (continued) 

Cloning Relative Mutant Mutant Average 
Compound Concentration Efficiency Total Growth Count Fraction Mutant 

(µg/mL) (%) (%) Fraction 

Trial 2


 Distilled water 
74 	 102 79 36 


59 	 110 66 38 


70 	88 95 45 39 


 Ethyl methanesulfonate 


75 55 725 324 


250 63 62 615 325 324* 


 Glutaraldehyde 
0.5 	 92 88 160 58 


80 93 88 37 47 


1 	 86 98 92 36 


66 90 57 29 32 


2 	 64 90 76 40 


79 87 107 45 43 


4 	 89 64 187 70 


72 69 89 41 56 


8 	 21 2 385 611 


27 5 283 352 481* 


16 	 Lethal 


Lethal 


1 Study performed at Inveresk Research International.  The experimental protocol and these data are presented in McGregor et al. (1988). 

2 Mutant fraction (frequency) is a ratio of the mutant count to the cloning efficiency, divided by 3 (to arrive at MF/1 x 106 cells treated); 


MF=mutant fraction. 

* Significant positive response (P≤0.05). 
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TABLE D3	 Induction of Sister Chromatid Exchanges in Chinese Hamster Ovary Cells  
 by Glutaraldehyde1 

No. of SCEs/ Increase 
Compound Dose Total Chromo- No. of Chromo- SCEs/ Hrs over Solvent 

(µg/mL) Cells somes SCEs some Cell in BrdU (%)2 

Study performed at Litton Bionetics, Inc. 

-S9 

 Trial 1 
Summary: Positive 

Distilled water                               
50 1026 390 0.38 7.8 25.5 

Triethylenemelamine         
15 50 1010 2079 2.05 41.6 25.5 441.53 

  Glutaraldehyde 
0.36 50 1031 475 0.46 9.5 25.5 21.20* 
1.08 50 1034 400 0.38 8.0 25.5 1.77 
3.6 50 1028 539 0.52 10.8 25.5 37.94* 

10.8 0 25.5 

P<0.0013 

+S9 

 Trial 1 
Summary: Weak positive 

Distilled water                               
50 1035 477 0.46 9.5 25.5 

Cyclophosphamide                              
1.5 50 1023 1348 1.31 27.0 25.5 185.92 

  Glutaraldehyde 
1 50 1046 501 0.47 10.0 25.5 3.93 
3.6 50 1045 535 0.51 10.7 25.5 11.09 

10.8 50 1035 713 0.68 14.3 25.5 49.48* 

P<0.001 
 Trial 2
 Summary: Positive 

Distilled water                               
50 1026 394 0.38 7.9 26.0 

Cyclophosphamide                              
1.5 50 1052 1691 1.60 33.8 26.0 318.59 

  Glutaraldehyde 
10 50 1028 451 0.43 9.0 26.0 14.24 
12.5 50 1019 560 0.54 11.2 26.0 43.11* 
15 50 1025 652 0.63 13.0 26.0 65.64* 

P<0.001 
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TABLE D3 Induction of Sister Chromatid Exchanges in Chinese Hamster Ovary Cells  
 by Glutaraldehyde (continued) 

Compound Dose 
(µg/mL) 

Total 
Cells 

 No. of  
Chromo-
somes 

No. of 
SCEs 

SCEs/ 
Chromo-

some 
SCEs/ 
Cell 

Hrs 
in BrdU 

Increase 
over Solvent 

(%) 

Study performed at Columbia University 

-S9 

 Trial 1 
Summary: Negative      

Dimethylsulfoxide                             

Triethylenemelamine                           

  Glutaraldehyde 
0.015 

0.5 
1.6 
5 

16 

50 

50 

50 
50 
50 
25 

1050 

1050 

1050 
1049 
1048 

524 

524 

1437 

545 
483 
531 
321 

0.49 

1.36 

0.51 
0.46 
0.50 
0.61 

10.5 

28.7 

10.9 
9.7 

10.6 
12.8 

26.0 

26.0 

26.0 
26.0 
26.0 
26.0 

174.24 

4.01 
-7.74 
1.53 

22.75* 

P=0.035 

+S9 

 Trial 1 
Summary: Weak positive 

Dimethylsulfoxide                             

Cyclophosphamide                              

  Glutaraldehyde 
1 

1.6 
5 

16 

100 

100 

50 
50 

100 

2097 

2095 

1048 
1047 
2092 

915 

2593 

484 
484 

1167 

0.43 

1.23 

0.46 
0.46 
0.55 

9.2 

25.9 

9.7 
9.7 

11.7 

26.0 

26.0 

26.0 
26.0 
26.0 

183.66 

5.84 
5.95 

27.85* 

P<0.001 

1 SCE=sister chromatid exchange; BrdU=bromodeoxyuridine.  The protocol and these data are published in Galloway et al. (1985). 
2 Percentage increase in SCEs/chromosome of culture exposed to glutaraldehyde relative to those of culture exposed to solvent. 
3 Significance was tested by the linear regression trend test vs. log of the dose. 
* Positive (>20% increase over solvent control). 
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TABLE D4	 Induction of Chromosomal Aberrations in Chinese Hamster Ovary Cells  
 by Glutaraldehyde1 

-S9 +S9 
Dose Total No. of Abs/ Percent Dose Total No. of Abs/ Percent 
(µg/mL) Cells Abs Cell Cells (µg/mL) Cells Abs Cell Cells 

with Abs with Abs 

Study performed at Litton Bionetics, Inc. 

Trial 1 – Harvest time: 10.5 hours 
Summary: Negative 

Trial 1 – Harvest time: 10.5 hours 
Summary: Negative 

Distilled water 
100 3 0.03 3.0 

Distilled water 
100 8 0.08 6.0 

Triethylenemelamine 
50 100 19 0.19 18.0 

Cyclophosphamide 
50 100 43 0.43 23.0 

Glutaraldehyde 
0.3 
1 
3 

10 

100 
100 
100 

0 

0 
1 
1 

0.00 
0.01 
0.01 

0.0 
1.0 
1.0 

Glutaraldehyde 
1 
3 

10 
15 
30 

100 
100 
100 

0 
0 

2 
2 
5 

0.02 
0.02 
0.05 

2.0 
2.0 
5.0 

P=0.8432 P=0.631 

Study performed at Columbia University 

Trial 1 – Harvest time: 14.0 hours 
Summary: Weak positive 

Trial 1 – Harvest time: 14.0 hours 
Summary: Negative 

Dimethylsulfoxide 
100 1 0.01 1.0 

Dimethylsulfoxide 
100 1 0.01 1.0 

Triethylenemelamine 
0.15 100 23 0.23 20.0 

Cyclophosphamide 
15 100 23 0.23 19.0 

Glutaraldehyde 
1.6 
5 

16 

100 
100 
100 

4 
6 

12 

0.04 
0.06 
0.12 

4.0 
5.0 

11.0* 

Glutaraldehyde 
1.6 
5 

16 

100 
100 
100 

1 
4 
7 

0.01 
0.04 
0.07 

1.0 
3.0 
7.0* 

P=0.001 P=0.004 

1 Abs=aberrations. The protocol and these data are presented by Galloway et al. (1985). 

2 Significance of percent cells with aberrations tested by the linear regression trend test vs. log of the dose. 

* Positive (P≤0.05). 
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TABLE D5	 Induction of Sex-Linked Recessive Lethal Mutations in Drosophila melanogaster
 by Glutaraldehyde1 

Route of 
Exposure Dose 

(ppm) 

Incidence of 
Deaths 

(%) 

Incidence of 
Sterility 

(%) 

No. of Lethal/No. of X Chromosomes Tested 
Mating 1 Mating 2 Mating 3 Total2

Injection 3000 
0 

2 0 6/1792 
4/1125 

1/1146 
3/1146 

3/1688 
1/1133 

10/4626 (0.22%) 
8/3404 (0.24%) 

Injection 4000 
0 

22 54 0/486 
1/1009 

2/855 
1/1297 

0/578 
0/865 

2/1919 (0.10%) 
2/3171 (0.06%) 

Feeding 7500 
0 

27 37 2/1947 
3/1858 

3/2194 
0/1832 

1/1828 
1/2090 

6/5969 (0.10%) 
4/5780 (0.07%) 

Feeding 10000 
0 

68 2 0/742 
2/724 

0/618 
1/706 

0/698 
1/443 

0/2058 (0.00%) 
4/1873 (0.21%) 

Larva Feeding 3500 
0 

10 0 4/2694 
2/2598 

2/2686 
2/2630 

0/000 
0/000 

6/5380 (0.11%) 
4/5228 (0.08%) 

1	 Study performed at Brown University.  The protocol and the data from the adult feeding and injection studies are presented in Yoon et al. 
(1985). The protocol and the data from the larval feeding study are presented in Zimmering et al. (1989). Results were not significant at 
the 5% level (Margolin et al., 1983). 

2	 Total number of lethal mutations/total number of X chromosomes tested for three mating trials. 
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APPENDIX E 

Histoautoradiographic Evaluation
of Respiratory Tract 

HISTOPATHOLOGY AND CELL REPLICATION IN THE NASAL EPITHELIUM
 
OF RATS AND MICE EXPOSED TO GLUTARALDEHYDE VAPOR..................................... E-2
 

Table E1	 Incidence of Nasal Lesions in the Histoautoradiographic Study  

of F344/N Rats Exposed to Glutaraldehyde by Inhalation ....................... E-3 


Table E2	 Incidence of Nasal Lesions in the Histoautoradiographic Study  

of B6C3F1 Mice Exposed to Glutaraldehyde by Inhalation ....................... E-5
 

Table E3	 Severity of Selected Nasal Lesions in the Histoautoradiographic Study 

of F344/N Rats Exposed to Glutaraldehyde by Inhalation ....................... E-7 


Table E4	 Severity of Selected Nasal Lesions in the Histoautoradiographic Study 

of B6C3F1 Mice Exposed to Glutaraldehyde by Inhalation ....................... E-8
 

Table E5	 Mean Cell Replication in F344/N Rats Exposed to Glutaraldehyde  

by Inhalation in the Histoautoradiographic Study ................................... E-9
 

Table E6 Mean Cell Replication in B6C3F1 Mice Exposed to Glutaraldehyde  

by Inhalation in the Histoautoradiographic Study ................................. E-10
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TABLE E1 Incidence of Nasal Lesions in the Histoautoradiographic Study 
of F344/N Rats Exposed to Glutaraldehyde by Inhalation1 

0 ppb 62.5 ppb 125 ppb 250 ppb 500 ppb 1000 ppb 

Male 

Nonsuppurative rhinitis 
Day 1 5 5 42 5 5 5 

 Day 4 
 Week 6 

5 
5 

5 
5 

5 
5 

5 
5 

5 
5 

5 
33

 Week 13 0 1 1 2 3 4 

Squamous exfoliation 
Day 1 0 1 02 1 3 5 

 Day 4 
 Week 6 

0 
0 

0 
0 

0 
0 

0 
0 

3 
3 

5 
33

 Week 13 0 0 0 2 2 2 

Intraepithelial neutrophils 
Day 1 0 0 02 1 2 5 

 Day 4 
 Week 6 

0 
1 

0 
0 

0 
1 

0 
2 

5 
4 

5 
33

 Week 13 5 3 5 5 4 5 

Subepithelial neutrophils 
Day 1 0 0 02 3 5 5 

 Day 4 
 Week 6 

1 
2 

0 
3 

2 
2 

1 
4 

5 
5 

5 
33

 Week 13 5 4 5 5 5 5 

Epithelial erosions 
Day 1 0 0 02 1 5 5 

 Day 4 
 Week 6 

0 
0 

0 
0 

0 
0 

1 
0 

2 
4 

5 
33

 Week 13 1 1 0 1 1 1 

Squamous metaplasia 
Day 1 0 0 02 3 1 1 

 Day 4 
 Week 6 

0 
0 

0 
0 

0 
0 

0 
0 

5 
4 

5 
33

 Week 13 1 0 0 0 5 5 

Eosinophilic droplets 
Day 1 0 0 02 0 0 0 

 Day 4 
 Week 6 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
03

 Week 13 0 0 0 0 0 0 

Olfactory degeneration 
Day 1 0 0 02 0 0 1 

 Day 4 
 Week 6 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

4 
33

 Week 13 0 0 0 0 0 4 
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TABLE E1 Incidence of Nasal Lesions in the Histoautoradiographic Study 
of F344/N Rats Exposed to Glutaraldehyde by Inhalation (continued) 

0 ppb 62.5 ppb 125 ppb 250 ppb 500 ppb 1000 ppb 

Female 

Nonsuppurative rhinitis 
Day 1 5 5 5 5 5 5 

 Day 4 5 4 5 5 5 5 
 Week 6 3 4 4 2 5 2 
 Week 13 2 3 4 5 5 5 

Squamous exfoliation 
Day 1 0 0 0 2 3 4 

 Day 4 
 Week 6 

0 
0 

0 
0 

0 
0 

3 
3 

5 
2 

5 
24

 Week 13 0 0 02 0 2 4 

Intraepithelial neutrophils 
Day 1 0 0 0 0 2 4 

 Day 4 
 Week 6 

1 
0 

0 
1 

0 
0 

2 
0 

5 
2 

5 
24

 Week 13 1 0 1 3 2 5 

Subepithelial neutrophils 
Day 1 0 0 1 1 5 5 

 Day 4 
 Week 6 

2 
1 

0 
2 

0 
1 

4 
1 

5 
5 

5 
24

 Week 13 2 0 1 3 4 4 

Epithelial erosions 
Day 1 0 0 1 0 4 5 

 Day 4 
 Week 6 

0 
0 

0 
0 

0 
0 

2 
0 

3 
4 

5 
14

 Week 13 0 0 0 0 0 1 

Squamous metaplasia 
Day 1 0 0 0 0 0 0 

 Day 4 
 Week 6 

0 
0 

0 
0 

0 
0 

1 
0 

5 
3 

5 
24

 Week 13 0 0 0 0 3 5 

Eosinophilic droplets 
Day 1 0 0 0 0 0 0 

 Day 4 
 Week 6 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
04

 Week 13 0 0 0 0 0 0 

Olfactory degeneration 
Day 1 0 0 0 0 0 1 

 Day 4 
 Week 6 

0 
0 

0 
1 

0 
1 

0 
1 

0 
1 

1 
24

 Week 13 0 0 1 0 0 1 

1 n=5 unless otherwise noted. 
2 n=4. 
3 n=3. 
4 n=2. 
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