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PENTAERYTHRITOL TETRANITRATE (PETN)
CAS No. 78-11-5
CsHgN4Oq9 Molecular weight 3161

PETN, NF
(pentaerythritol tetranitrate:n-lactose monohydrate) (1:4)

Synonyms for PETN 2,2-bis({nitrooxy)methyl)-1,3-propanediol dinitrate (ester),
2,2-bisdihydroxy-methyi-1,3-propanediol tetranitrate, niperyt, nitropentaerythritol,
pentaerythrityl tetranitrate, penthrit

Trade Names for PETN, NF Angitet, Cardiacap, Dilcoran-80, Dipentrate, Hasethrol, Lentrat,
Metranil, Mycardol, Neo-Corovas, Nitropenta, Nitropenton, Pentafin, Pentanitrine, Pentitrate,
Pentral 80; Pentrite, Pentritol, Pentryate, Peridex, Pergitral, Peritrate, Perityl, Prevangor,
Quintrate, Subicard, Terpate, Vasodiatol

ABSTRACT

Pentaerythritol tetranitrate (PETN, NF) is a drug used to prevent angina pectoris PETN without a
lactose stabilizer is used as an explosive Toxicology and carcinogenesis studies were conducted by
administering PETN, NF, to groups of F344/N rats and B6C3F mice of each sex once by gavage or in
feed for 14 days, 13 or 14 weeks, or 2 years The PETN component was greater than 99% pure . Gene-
tic toxicology studies were conducted with Salmonella typhimurium and Chinese hamster ovary
(CHO) cells.

Fourteen-Day and Thirteen- or Fourteen-Week Studies: All rats and mice lived to the end of the 14-
day studies (dietary concentrations up to 50,000 ppm) Final mean body weights of dosed and control
rats were comparable The final mean body weight of female mice that received 50,000 ppm was 13%
lower than that of controls No clinical signs or toxic lesions were attributed to PETN, NF,
administration

All rats and mice lived to the end of the 13-week (mice) and 14-week (rats) studies (dietary concentra-
tions up to 50,000 ppm} Final mean body weights of dosed and control rats and mice were similar, al-
though weight gains of female rats at 25,000 and 50,000 ppm were less than that of controls The
nitrite level in urine of rats and methemoglobin levels in whole blood of rats and mice were not af-
fected by administration of PETN, NF. An adenoma of the Zymbal gland was seen in a female rat
that received 50,000 ppm A hepatocellular adenoma was seen in a female mouse that received
50,000 ppm

Based on these results and the NTP convention of limiting concentrations in 2-year feed studies to 5%

of the diet, the 2-year studies were conducted by administering 0, 25,000, or 50,000 ppm PETN, NF,
in feed for 104 weeks to groups of 50 male rats and for 103 weeks to groups of 49 or 50 mice of each sex
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Groups of 50 female rats were given feed containing 0, 6,200, or 12,500 ppm PETN, NF, for 104
weeks.

Body Weight and Survival in the Two-Year Studies: Mean body weights of high dose male rats were
2%-9% lower than those of controls throughout the study; body weights of all groups of female rats
were similar. No significant differences in survival were observed between any groups of rats of
either sex (male: control, 23/50; low dose, 29/50; high dose, 29/50; female: 33/50; 33/50; 31/50). Mean
body weights of dosed and control mice were similar. The survival of both groups of dosed male mice
was significantly greater than that of the controls (26/49; 38/50; 38/50). No significant differences in
survival were observed between any groups of female mice (38/50; 30/50; 38/50).

Nonneoplastic and Neoplastic Effects in the Two-Year Studies: No nonneoplastic lesions were attri-
buted to PETN, NF, administration in rats or mice. Neoplasms of the Zymbal gland occurred in dosed
male (control, 0/49; low dose, 3/45; high dose, 2/41) and dosed female (0/36; 1/37; 3/35) rats. The his-
torical incidence of these neoplasms is 1% * 2% in untreated males and 0.6% * 1% in females.

At no site was a significantly increased incidence of neoplasms observed in dosed male or female mice.

Genetic Toxicology: PETN, NF, was not mutagenic in S. typhimurium strains TA98, TA100, TA1535,
or TA1537 when tested with or without exogenous metabolic activation (S9). When tested for cyto-
genetic effects in cultured CHO cells, PETN, NF, induced sister chromatid exchanges (SCEs) in the
presence and absence of metabolic activation; no induction of chromosomal aberrations was observed
in CHO cells with or without activation.

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

Conclusions: Under the conditions of these 2-year feed studies, there was equivocal evidence of carci-
nogenic activity* of PETN, NF, for male and female F344/N rats, based on a marginal increase in neo-
plasms of the Zymbal gland. Female rats might have tolerated a higher dose. There was no evidence
of carcinogenic activity of PETN, NF, for male or female B6C3F; mice fed diets containing 25,000 or
50,000 ppm for 2 years. No nonneoplastic lesions were attributed to PETN, NF, administration.

*Explanation of Levels of Evidence of Carcinogenic Activity is on page 6.
A summary of the Peer Review comments and the public discussion on this Technical Report appears on page 9.
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SUMMARY OF THE TWO-YEAR FEED AND GENETIC TOXICOLOGY STUDIES OF PETN,NF

Male F344/N Rats

Female F344/N Rats

Male B6C3F; Mice

Female B6C3F,; Mice

Dietary concentration
0, 25,000, or 50,000 ppm
PETN, NF

0, 6,200, or 12,500 ppm
PETN, NF

Body weights in the 2-year study

Dosed and control groups
similar

Dosed and control groups
similar

Survival rates in the 2-year study

23/50; 29/50; 29/50

Nonneoplastic effects
None

Neoplastic effects
Zymbal gland adenomas
(0/49; 1/45; 0/41); Zymbal

gland carcinomas (0/49; 2/45;

2/41)

33/50; 33/50; 31/50

None

Zymbal gland adenomas
(0/36; 0/37; 2/35); Zymbal

gland carcinomas (0/36; 1/37,

1/35)

Level of evidence of carcinogenic activity

Equivocal evidence

Genetic toxicology

Salmonella
(gene mutation)
Negative with and
without S9

Equivocal evidence

0, 25,000, or 50,000 ppm
PETN, NF

Dosed and control groups
similar

26/49; 38/50; 38/50

None

None

No evidence

CHO Cells in Vitro

0, 25,000, or 50,000 ppm
PETN, NF

Dosed and control groups
sumtilar

38/50; 30/50; 38/50

None

None

No evidence

Aberration
Positive with and Negative with and
without S9 without S9
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EXPLANATION OF LEVELS OF EVIDENCE OF CARCINOGENIC ACTIVITY

The National Toxicology Program describes the results of individual experiments on a chemical agent and notes the strength of
the evidence for conclusions regarding each study Negative results, in which the study animals do not have a greater incidence
of neoplasia than control animals, do not necessarily mean that a chemical 1snot a carcinogen, inasmuch as the experiments are
conducted under a Iimited set of conditions Positive results demonstrate that a chemical is carcinogenic for laboratory animals
under the conditions of the study and indicate that exposure to the chemical has the potential for hazard to humans Other
organizations, such as the International Agency for Research on Cancer, assign a strength of evidence for conclusions based on
an examination of all available evidence including animal studies such as those conducted by the NTP, epidemiologic studies,
and estimates of exposure Thus, the actual determination of risk to humans from chemicals found to be carcinogenic tn labora

tory animals requires a wider analysis that extends beyond the purview of these studies

F1ve categories of evidence of carcinogenic activity are used 1n the Technical Report series to summarize the strength of the evi
dence observed 1n each experiment two categories for positive results (“Clear Evidence” and "Some Evidence”), one category
for uncertain findings ("Equivocal Evidence”), one category for no observable effects ("No Evidence”), and one category for ex
periments that because of major flaws cannot be evaluated (*Inadequate Study”) These categories of interpretative conclusions
were first adopted in June 1983 and then revised in March 1986 for use in the Technical Reports series to incorporate more
specifically the concept of actual werght of evidence of carcinogenic activity For each separate experiment (male rats, female
rats, male mice, female mice), one of the following quintet 1s selected to describe the findings These categories refer to the
strength of the experimental evidence and not to either potency or mechanmsm

e Clear Evidence of Carcinogenic Activity 1s demonstrated by studies that are interpreted as showing a dose related
(1) increase of malignant neoplasms, (11) increase of a combination of malignant and benign neoplasms, or (1) marked
increase of benign neoplasms if there 1s an indication from this or other studies of the ability of such tumors to progress
to mahgnancy

® Some Evidence of Carcinogenic Activity 1s demonstrated by studies that are interpreted as showing a chemically
related increased incidence of neoplasms (mahgnant, benign, or combined) in which the strength of the response 1s less
than that required for clear evidence

¢ Equivocal Evidence of Carcinogenic Activity 1s demonstrated by studies that are interpreted as showing a mar
ginal increase of neoplasms that may be chemically related

¢ No Evidence of Carcinogenic Activity 1s demonstrated by studies that are interpreted as showing no chemically re
lated increases in malignant or benign neoplasms

® Inadequate Study of Carcinogenic Activity 1s demonstrated by studies that because of major qualitative or quanti
tative imitations cannot be interpreted as valid for showing either the presence or absence of carcinogenic activity

When a conclusion statement for a particular experiment 1s selected, constderation must be given to key factors that would ex
tend the actual boundary of an individual category of evidence This should allow for incorporation of scientific experience and
current understanding of long term carcinogenesis studies 1n laboratory animals, especially for those evaluations that may be
on the borderline between two adjacent levels These considerations should include

The adequacy of the experimental design and conduct,

Occurrence of common versus uncommon neoplasia,

Progression (or lack thereof) from benign to malignant neoplasia as well as from preneoplastic to neoplastic lesions,
Some benign neoplasms have the capacity to regress but others (of the same morphologic type) progress At present, 1t
1s 1mpossible to 1dentify the difference Therefore, where progression 1s known to be a possibility, the most prudent
course 1s to assume that benign neoplasms of those types have the potential to become malignant,

Combining benign and malignant tumor incidences known or thought to represent stages of progression in the same or
gan or tissue,

Latency 1n tumor induction,

Multipheity in site specific neoplasia,

Metastases,

Supporting information from proliferative lesions (hyperplasia) in the same site of neoplasia or 1n other experiments
(same lesion 1n another sex or species),

The presence or absence of dose relationships,

The statistical significance of the observed tumor increase,

The concurrent control tumor incidence as well as the historical control rate and variabihity for a specific neoplasm,
Survival-adjusted analyses and false positive or false negative concerns,

Structure activity correlations, and

In some cases, genetic toxicology

0 00
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SUMMARY OF PEER REVIEW COMMENTS
ON THE TOXICOLOGY AND CARCINOGENESIS STUDIES OF
PETN, NF

On October 4, 1988, the draft Technical Report on the toxicology and carcinogenesis studies of PETN,
NF, received public review by the National Toxicology Program Board of Scientific Counselors’ Tech-
nical Reports Review Subcommittee and associated Panel of Experts. The review meeting was held at
the National Institute of Environmental Health Sciences, Research Triangle Park, NC.

Dr. J.R. Bucher, NIEHS, began the discussion by reviewing the experimental design, results, and pro-
posed conclusions (equivocal evidence of carcinogenic activity for male and female rats, no evidence of
carcinogenic activity for male and female mice).

Dr. Newberne, a principal reviewer, agreed with the conclusions. He asked for an explanation of why
the doses for female rats in the 2-year study were only one-fourth those for the other study groups.
Dr. Bucher said that at the time the 2-year study was designed, the convention for setting doses in-
cluded a reduction in body weight gain of 10% or more in 13-week studies, and that was the determi-
nant for the markedly lower doses used.

Dr. McKnight, the second principal reviewer, agreed with the conclusions. She commented on the
three lots of PETN, NF, and asked how they were used. Dr. Bucher said that they were used sequen-
tially, with all of the formulated diets being made from the lot in use at a particular time. Dr.
McKnight asked why so many Zymbal glands were missing from all three groups of female rats. Dr.
Bucher said that the glands are very small and hard to find unless they are enlarged with a tumor.
The sections are taken through the inner ear and certain other relevant tissues as well; sometimes
the Zymbal gland is missed.

Dr. Gold, the third principal reviewer, agreed with the conclusions. She requested clarification of a
statement in the Discussion that all compounds in the NTP data base (except benzene and PETN, NF)
that induce tumors of the Zymbal gland are also positive in the Salmonella assay. She indicated that
all nine non-NTP chemicals that induced Zymbal gland tumors were also genotoxic. Dr. Bucher re-
sponded that this represented one of the first complete assessments of tumor incidence vs. genotoxic-
ity that NTP has put together and was included as a discussion point. He noted that the level of evi-
dence chosen was based on the tumor incidence and not on whether PETN, NF, was genotoxic.

Dr. Gold moved that the Technical Report on PETN, NF, be accepted with the revisions discussed and
with the conclusions as written for male and female rats, equivocal evidence of carcinogenic activity,
and for male and female mice, no evidence of carcinogenic activity. Dr. Newberne seconded the mo-
tion, which was approved unanimously by seven members.
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I. INTRODUCTION
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PENTAERYTHRITOL TETRANITRATE (PETN)

CAS No 78-11-5

CsHgN4O12

Molecular weight 3161

PETN, NF
(pentaerythritol tetranitrate:p-lactose monohydrate) (1:4)

Synonyms for PETN 2,2-bis((nitrooxy)methyl)-1,3-propanediol dinitrate (ester),
2,2-bisdihydroxy-methyl-1,3-propanediol tetranitrate, niperyt, nitropentaerythritol,

pentaerythrityl tetranitrate, penthrit

Trade Names for PETN, NF Angitet, Cardiacap, Dilcoran-80, Dipentrate, Hasethrol, Lentrat,
Metranil; Mycardol; Neo-Corovas; Nitropenta, Nitropenton, Pentafin, Pentanitrine, Pentitrate,
Pentral 80, Pentrite, Pentritol, Pentryate; Peridex, Pergitral, Peritrate, Perityl, Prevangor,

Quintrate, Subicard, Terpate, Vasodiatol

Physical Properties, Use, Production, and
Exposure

Pentaerythritol tetranitrate (PETN) is a nitric
acid ester of a tetrahydric alcohol, pentaerythri-
tol It is a white crystalline material first pre-
pared in 1901 by Vignon and Gerin (Dept of the
Army, 1967) Crystalline PETN has a melting
point of 140° C and a specific gravity of 1 77 at
20° C (Merck, 1983) It is insoluble in water,
slightly soluble in alcohol, and soluble in ace-
tone (von Oettingen et al , 1944).

PETN is an explosive that came into general use
after World War 1. It is used as an admixture
with TNT for loading small-caliber projectiles
and grenades and has limited use in detonating
fuses, boosters, and detonators. PETN and ni-
troglycerin are approximately equivalent in ex-
plosive power and are among the most potent of
the standard military explosives (Dept. of the
Army, 1967) PETN is also one of a number of
organic nitrates used in the treatment of angina
pectoris (Gilman et al , 1985) For this purpose,
PETN is formulated with an inert ingredient,
usually lactose, to decrease the hazard of explo-
sion (Merck, 1983)
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Current production data for PETN were not
found, but estimates in the NCI/SRI data base
indicate that in 1973, 1 8-2 3 X 10° kg was used
for production of explosives and approximately
23 X 10* kg was used for production of ethical
drugs PETN is produced by the nitration of
pentaerythritol, which is accomplished by slowly
adding pentaerythrito! to 96% nitric acid at an
initial temperature of 18° C (Dept of the Army,
1967) The exothermic reaction is kept below
23° C by regulating the addition of pentaerythri
tol PETN is precipitated from solution by add:
tion of cold water and is then washed, dissolved
in acetone, and reprecipitated by cold water

McConnell et al (1946) reviewed the industrial
hygiene and the incidence of occupational di-
sease in government-owned ordnance plants in
the United States during World War Il An ap-
parent increase in the number of sudden deaths
among explosives workers was observed, but in
915,000 man-years of exposure to the various or-
ganic nitrates, no fatalities were attributed to
the aliphatic nitrates An undetermined num-
ber of episodes of mild illness or dermatitis were
attributed to exposure to PETN Workers 1n-
volved in the production of nitroglycerin and



I. INTRODUCTION

other organic nitrates that are readily absorbed
through the skin suffered at times from a syn-
drome called “dynamite head” or “powder head-
ache,” which was manifested as severe head-
ache, dizziness, and postural weakness upon ini-
tial exposure (Gilman et al., 1985). These
symptoms diminished with time but then often
reappeared at the beginning of the work week.
The initial symptoms reflected the vasodilator
action of the nitrates, and the so-called “Monday
disease” was attributed to tolerance to this ac-
tion developed during the work week and to ex-
pression of an organic nitrate dependence that
became apparent after a several-day break in ex-
posure. The risk of developing this condition
while working with PETN is not considered to be
high because of the relatively poor dermal ab-
sorption of the chemical and because it is usually
processed as a wet slurry or precipitate (Dept. of
the Army, 1967).

Pharmacologic Action

The use of organic nitrites for treating angina
dates from 1857, when Brunton first adminis-
tered amyl nitrite by inhalation and noted relief
of anginal pain within 30-60 seconds (Gilman et
al., 1985). In 1879, William Murrell demon-
strated that sublingual administration of nitro-
glycerin provided similar relief of angina as well
as prophylactic action if taken before exercise.
Early studies with PETN were performed by
Takeshita (1937), who demonstrated the ability
of the compound to lower blood pressure in rab-
bits. Further characterization of the pharmaco-
logic and toxicologic action of PETN was carried
out by the U.S. Government during World War
IT because of potential exposure during muni-
tions manufacture (von Oettingen et al., 1944).
After the war, research on PETN continued in
efforts to develop antianginal agents that could
be taken orally and would provide long-acting
prophylaxis. This research (1943-69) has been
reviewed by Dunning (1971).

Angina pectoris is associated with ischemic
heart disease and is usually secondary to ad-
vanced atherosclerosis; its onset can be prompt-
ed by increases in oxygen demand by the heart
or by decreases in myocardial blood flow. Or-
ganic nitrates are vasodilators, but their mode of
action in the relief of angina is complicated and

13

incompletely understood (Gilman et al., 1985).
In the peripheral circulation, organic nitrates
cause dilation of venous-capacitance and arterio-
lar-resistance vessels, which in effect decreases
the preload and afterload on the heart (Kafka et
al., 1985). Nitrates also dilate large coronary
vessels, but in typical angina, total coronary
blood flow is not increased by nitrates; rather,
blood flow tends to redistribute to areas of poor
perfusion, especially the subendocardial regions
(Uchida et al., 1972). Despite improved regional
coronary blood flow, the primary benefit of ni-
trate therapy appears to result from a reduction
in the oxygen requirement of the heart. This ob-
servation is supported by studies showing that
angina occurs in patients at the same value of
the “triple product” (aortic pressure X heart
rate X ejection time) with or without nitrate
therapy (Gilman et al., 1985).

PETN is prescribed to reduce the number, inten-
sity, and duration of angina attacks and to re-
duce the need to use nitroglycerin for relief of
acute attacks. The recommended dosage for
adults is one 40-mg tablet four times per day, or
about 2.5 mg/kg per day (PDR, 1987). This dose
is higher than the doses recommended in the
1960s and early 1970s after it was recognized
that hepatic degradation was sufficient to rapid-
ly and totally inactivate lower doses (Abrams,
1980).

Absorption, Distribution, Metabolism, and
Excretion

Von Oettingen et al. (1944) administered PETN
by gavage with a tenfold excess of starch in a
10% gum arabic solution (PETN conecentration,
20 mg/ml) to young female albino rats. Six
hours later, the entire gastrointestinal tract was
isolated, and only 13% of the PETN had been ab-
sorbed. PETN was also mixed with acetone and
rubbed onto the palm of a human hand; after 1
hour, essentially all of the PETN could be re-
covered by washing. In contrast, PETN was ab-
sorbed after insufflation of 100 mg into the lower
trachea of dogs. The resulting decrease in blood
pressure peaked at about 90 minutes.

DiCarlo et al. (1967a) studied the absorption of

[14CIPETN from four ligated sections of the gas-
trointestinal tract in female Wistar rats.
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Absorption from the stomach was slow, and
PETN was stabie in stomach acid. Absorption
was rapid from the small intestine and some-
what slower from the large intestine. Although
the drug remaining in the small intestine was
unchanged, bacterial action appeared to cause
denitration in the large intestine, resulting in
the uptake of the denitrated metabolites.

PETN binds to both plasma proteins and eryth-
rocytes, and denitration reactions (the major
metabolic pathway) occur in vitro with both
blood components, primarily with erythrocytes.
Denitration reactions appear to be most rapid
with the more highly nitrated metabolites, re-
sulting in accumulation of the mono- and dini-
trated forms (DiCarlo et al., 1965). Denitration
reactions can be catalyzed by subcellular frac-
tions of heart (DiCarlo et al., 1967b) and by liver
parenchymal and reticuloendothelial cells
(DiCarlo et al., 1967¢; Melgar et al., 1974). The
reaction requires reduced glutathione and a
rather nonspecific enzyme termed glutathione-
organic nitrate reductase (Needleman and
Hunter, 1965). Removal of one or more nitro
groups allows the resulting alcohol to form glu-
curonide conjugates. The conjugates of penta-
erythritol mono-, di-, and trinitrate were iso-
lated from the bile of Wistar rats given {14C]pen-
taerythritol trinitrate by intravenous injection
(Crewetal., 1971).

DiCarlo et al. (1967d) administered [14C]PETN
(10 mg/kg) by gavage to female Wistar rats.
Approximately 8% of the radiolabel was ab-
sorbed during the first hour, 14% after 2 hours,
24% after 4 hours, and 60% after 18 hours. Ra-
dioactivity was first found in feces after 2 hours,
and 10% of the dose was eliminated by this route
after 18 hours. Most of the radioactivity ab-
sorbed during the first hour was cleared from
blood and found in tissues, primarily fat and car-
cass. Pentaerythritol was determined to be the
major final metabolite in rats.

Little or no carbon dioxide results from PETN
metabolism (Crew et al., 1966). Most of the ab-
sorbed PETN is excreted in urine. Pentaerythri-
tol di- and mononitrate and pentaerythritol were
found in the urine in different proportions, de-
pending on the time after administration. Crew
et al. (1971) found that urinary excretion of the
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radiolabel was reduced by 60% in biliary cannu-
lated Wistar rats compared with noncannulated
rats that had received [14Clpentaerythritol tri-
nitrate. This suggests that glucuronidated me-
tabolites normally undergo enterohepatic cir-
culation through reabsorption from the intestine
after removal of glucuronic acid. Studies of me-
tabolism patterns in mice have indicated a basic
similarity to those of rats (Litchfield, 1971).

A quantitative study of the pharmacokinetics of
PETN after oral or intra-arterial dosing in
Sprague Dawley rats was performed by King
and Fung (1986). PETN appeared to be rapidly
converted to the denitrated metabolites after
oral or intra-arterial administration, and only
the di- or mononitrated metabolites were de-
tected after oral dosing. The half-life of PETN in
blood was 5.8 minutes, and that of the trinitrate
and dinitrate was about 62 minutes each. The
clearance of total label was 620 ml/minute per
kilogram, which exceeds the cardiac output by
about one-third and exceeds the denitrating ca-
pacity of blood plasma and erythrocytes. To ac-
count for this, King and Fung proposed that
PETN and its metabolites are extracted from
blood by the blood vessels.

Studies in humans have indicated absorption of
at least 60% of an oral dose of [14C]PETN. Label
appeared in the blood within 15 minutes, but
only the mono- and dinitrated forms were found
(Davidson et al., 1970). Predominant forms in
the urine were the mononitrate and the com-
pletely denitrated pentaerythritol. These re-
sults are similar to those observed for rats. In
vitro studies with human blood have indicated a
capability to degrade PETN primarily to the tri-
nitrate but no further (King and Fung, 1985).
The half-life for denitration of PETN in human
blood was three to four times slower than that in
rat blood. Studies of the in vivo pharmacody-
namics of pentaerythritol trinitrate indicated
that it was metabolized to pentaerythritol dini-
trate and pentaerythritol mononitrate within a
few minutes; the elimination half-life of penta-
erythritol dinitrate from human blood was 10.5
hours, and that of pentaerythritol mononitrate
was 7.3 hours (Davidson et al., 1971). Taken to-
gether, these results suggest a major role in hu-
mans for the absorption of the trinitrate fol-
lowing bacterial denitration of PETN in the
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intestine. However, the studies of Carter and
Goldman (1976) have shown no evidence for the
involvement of intestinal microflora in the ab-
sorption of PETN in the rat.

Proposed Mechanism of Vascular
Smooth-Muscle Relaxation by Organic
Nitrates

Recently, considerable evidence has pointed to
an activation of ¢GMP formation in the relaxa-
tion of smooth muscle by organic nitrates (Kreye
et al., 1986). Guanylate cyclase has been shown
to be activated by some nitrates directly or by
derivatives such as the S-nitrosothiols. In brief,
this theory holds that organic nitrates enter
smooth-muscle cells, where they undergo deni-
tration. The nitrite formed is metabolically ac-
tivated by thiols such as cysteine to form an un-
stable S-nitrosothiol capable of activating
guanylate cyclase (Ignarro et al., 1981). Activa-
tion of guanylate cyclase and stimulation of
c¢GMP production may result in phosphorylation
of a protein kinase, which in turn activates a
sarcolemmal ATPase responsible for the extru-
sion of calcium (Kukovetz and Holzmann, 1986).

Toxicity

Toxicity associated with organic nitrate expo-
sure is generally secondary to cardiovascular ef-
fects. Symptoms of headache in munitions
workers were described earlier, and weakness,
dizziness, and other manifestations of cerebral
ischemia associated with postural hypotension
may develop. Even in the most severe cases of
overdose, simple changes in position to restore
venous flow to the heart is sufficient therapy
(Gilman et al., 1985). Cutaneous sensitivity to
PETN has been reported in humans and appears
to be a common effect of exposure to all organic
nitrates (Ryan, 1972).

Von QOettingen et al. (1944) gave volunteers 64-
mg capsules orally and measured various physi-
ologic functions for several hours. No changes
occurred in respiration or blood pressure, and no
increase in blood nitrite was found. When dogs
were given doses of 5§ mg/kg orally, a gradual,
transient decrease (about 28%) in blood pressure
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was noted with a corresponding increase in res-
piratory rate and minute volume. No reports of
LD5o determinations in animals were found in
the literature (NIOSH, 1987).

Von Oettingen et al. (1944) also studied the ef-
fects of 1-year administration of PETN in feed to
an unspecified strain of rats. Groups of 45 rats
were given either a control diet or a diet contain-
ing sufficient PETN to provide doses of 2 mg/kg
body weight. No effects on body weight were
noted, and deaths in both groups were attributed
to parasitic infestations. Monthly blood collec-
tions tended to show slightly higher values for
hemoglobin and erythrocytes in the dosed ani-
mals. Microscopic examination of the brain,
heart, lungs, liver, spleen, kidney, adrenal
glands, testis, and femur revealed no clear com-
pound-related changes.

Reproductive Toxicity

No studies of reproductive or developmental
toxicity or teratology in animals or humans were
found in the literature.

Genetic Toxicity

Little information is available in the literature
regarding the mutagenic potential of PETN, but
available data suggest that the chemical is not
mutagenic. PETN did not induce mutations in
Salmonella typhimurium when tested with or
without S9 metabolic activation in a variety of
strains by the spot test, the plate incorporation
test, and a preincubation protocol (Simmon et
al., 1977; Whong et al., 1980; Mortelmans et al.,
1986). PETN was reported to be negative for in-
duction of mitotic recombination when tested in
Saccharomyces cerevisiae D3 (Simmon et al.,
1977).

Pentaerythritol mononitrate was reported to in-
duce gene mutations in the Escherichia coli bac-
teriophage T4B (Kononova et al., 1972), but the
completely denitrated metabolite pentaerythri-
tol was negative when tested for gene reversion
in E. coli and S. typhimurium at doses up to 5
mg/plate (Shimizu et al., 1985).
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widespread use in angina therapy and because of
the lack of adequate toxicologic and carcinogenic
PETN was nominated for study by the National characterization in animals. The oral route of
Cancer Institute from a review of vasodilator exposure was chosen to mimic the principal
drugs and was selected because of its potential mode of human exposure.

Study Rationale
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II. MATERIALS AND METHODS

PROCUREMENT AND
CHARACTERIZATION OF PETN, NF

Pentaerythritol tetranitrate p-lactose monohy-
drate (1 4) (PETN, NF) was obtained in three
lots lot no G23-H2 from ICI America, Inc (Wil-
mington, DE) and lot nos 80124 and 81130 from
R W Greeff and Company (Old Greenwich, CT)
(Table 1) The PETN component was National
Formulary grade, and the lactose was USP
grade Purity and identity analyses were con-
ducted at Midwest Research Institute (MRI)
(Kansas City, MO) MRI reports on the analyses
performed in support of the PETN, NF, studies
are on file at the National Institute of Environ-
mental Health Sciences

Analysis of cumulative data on all lots of the
study material indicated that the PETN was
greater than 99% pure and was incorporated in a
20 80 mixture of PETN lactose monohydrate
All lots of the study chemical were identified as
a mixture of PETN and lactose by infrared and
nuclear magnetic resonance spectroscopy The
infrared and nuclear magnetic resonance spec-
tra of the study material were consistent with a
mixture of PETN and lactose Isolation of PETN
from the study material by acetone extraction
and subsequent infrared and nuclear magnetic
resonance spectral analysis gave spectra that
were consistent with that expected for the struc-
ture of PETN and the literature spectra (Sadtler
Standard Spectra, infrared only, no nuclear

magnetic resonance spectrum found in the lit-
erature) (Representative spectra of the study
material are presented in Figures 1to 5 )

The purity of all lots was determined by ele-
mental analysis, Karl Fischer water analysis,
specific rotation measurements to determine lac-
tose content, and thin-layer chromatography
Thin-layer chromatographic analysis was per-
formed on water (lot no G23-H2 only), water
methanol (1 1), and acetone extracts of the study
chemical by using aluminum oxide plates with
two solvent systems toluene (system 1) and
petroleum ether acetone (85 10, for acetone ex-
tracts only) (system 2) Visualization for nitrate
esters was performed under ultraviolet light
with 5% diphenylamine in 95% ethanol and with
50% aqueous sulfuric acid spray reagents High-
performance liquid chromatography was per
formed concurrently for lot nos G23-H2 and
81130 with a Waters pBondapak C;gcolumn and
a water methanol (45 55) solvent system, acet-
anilide was the internal standard, and ultra-
violet detection was at 210 nm The USP assay
to determine the concentration of PETN was
performed by extraction of the study material
with acetone, reaction of the extracted PETN
with phenoldisulfonic acid, measurement of the
absorbance maximum near 409 nm, and com-
parison with a potassium nitrate standard Ace-
tone-insoluble material in lot no 81130 was de-
termined by weighing the dried residue from a
Soxhlet extraction of the study material with
acetone

TABLE 1. IDENTITY AND SOURCE OF LOTS USED IN THE STUDIES OF PETN, NF

Fourteen-Day
Studies

Thirteen- and Fourteen-
Week Studies

Two-Year
Studies

Lot Numbers
G23-H2 G23 H2,80124
Date of Initial Use
10/15/80

Supplier
I[CI America, Inc
(Wilmington, DE)

Lot no 80124 2/26/81

G23 H2 same as 14 d studies,
80124- R W Greeff and Company

80124,81130

Lotno 81130 8/17/83

R W Greeff and Company
(0O1ld Greenwich, CT)

(Old Greenwich, CT)
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II. MATERIALS AND METHODS

Results of elemental analysis of lot no G23-H2
for carben, hydrogen, and nitrogen were in
agreement with the theoretical values based on
a 20 80 mixture of PETN and lactose monohy-
drate Karl Fischer analysis indicated 3 95%
water The USP assay determined the PETN
concentration to be 21 1% Specific rotation in-
dicated the presence of 79 8% lactose after cor-
rection for water content Thin-layer chromato-
graphic analysis indicated only spots for PETN
and lactose

Results of elemental analysis of lot no 80124 for
carbon, hydrogen, and nitrogen were in agree-
ment with the theoretical values Karl Fischer
analysis indicated 4 07% water The USP assay
determined the PETN concentration to be
20 6% Specific rotation indicated the presence
of 79% lactose after correction for water content
Thin-layer chromatographic analysis indicated
only spots for PETN and lactose

Results of elemental analysis of lot no 81130 for
carbon were slightly high, those for nitrogen
were slightly low, and those for hydrogen were
in agreement with the theoretical values Karl
Fischer analysis indicated 4 1% water The USP
assay determined the PETN concentration to be
20 7% Specific rotation data indicated the pres-
ence of 72 9% lactose after correction for water
content Acetone-insoluble material represent-
ed 78 4% of the study material Thin-layer chro-
matographic analysis by two systems indicated
only spots for PETN and lactose High-
performance liquid chromatographic analysis

indicated that the PETN content of lot nos G23-
H2 and 81130 was identical

Stability studies on PETN were performed by
extracting PETN from the lactose with acetone
containing 0 02% diethyl phthalate as an in-
ternal standard, followed by gas chromato-
graphic analysis with nitrogen as the carrier, a
flow rate of 70 ml/minute, a 3% SP2100 column,
flame ionization detection, and an isothermal
oven temperature of 145° C (Decomposition on
the column occurred at temperatures above
150°C ) PETN was found to be stable as a 20 80
mixture in lactose when stored for 2 weeks, pro-
tected from light, at temperatures up to 60°C
The bulk chemical was reanalyzed by the study
laboratory every 4 months over the course of the
studies by infrared spectroscopy, high per-
formance liquid chromatography, and thin-layer
and gas chromatography Since no deterioration
of the study material was seen by the study lab
oratory, it was concluded that PETN remained
stable during the studies

PREPARATION AND
CHARACTERIZATION OF DOSE
MIXTURES AND FORMULATED DIETS

Formulated diets were made by preparing a
premix of PETN, NF, and feed in a mortar with a
pestle and then blending the premix with
additional feed in a twin-shell blender for 15
minutes (Table 2). Studies to determine the
homogeneity of a formulated diet mixture indi-
cated about a 2% deviation from the theoretical
concentration for samples taken from three

TABLE 2. PREPARATION AND STORAGE OF DOSE MIXTURES AND FORMULATED DIETS IN THE
STUDIES OF PETN, NF

Fourteen-Day Thirteen- and Fourteen- Two-Year
Studies Week Studies Studies
Preparation

Premix of weighed PETN, NF,
and feed layered between feed
1n a Patterson-Kelly V Twin
Shell® blender equipped with an
intensifier bar, mixed for 15 min

20 min

Maximum Storage Time
2wk 2 wk

Storage Conditions
0° + 5°C indouble plastic bags

Same as 14-d studies, mixed for

0° * 5°C in double plastic bags

Same as 14-d studies

2wk

0° * 5°C in double plastic bags
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locations in the blender after 15 minutes of mix-
ing, demonstrating homogeneity by the mixing
procedure PETN, NF, at a concentration of 100
ppm in feed, was stable for 2 weeks in the dark
at 5° and 25° C and exhibited a loss of approxi-
mately 6% after 2 weeks’ storage at 45°C Dur-
ing the 2-year studies, formulated diets were
stored at 0° + 5° C for no longer than 2 weeks

Periodic analyses of formulated diet mixtures of
PETN, NF, were conducted at the study labora-
tory and the analytical chemistry laboratory
Feed samples were extracted with acetonitrile
containing acetanilide as an internal standard
Extracts were clarified by centrifugation, and
PETN, NF, was determined by high-per-
formance liquid chromatographic analysis with

a Waters pBondapak Cg column, a methanol

water solvent system, and ultraviolet detection
at 210 nm. Formulated diets were analyzed be-
fore the start of, and midway through, the 13-
and 14-week studies All results were within
specifications and ranged from 93% to 100% of
target concentrations (Table 3) During the 2-
year