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Attention: 8(e)

Contain NGO CB!

Re:  File [SEHQ-400-14711]

Dear 8(¢) Coordinator:

In April of 2000 and again in November of 2000, the Acrylonitrile Group Inc., (The AN
Group), a trade association representing producers and users of acrylonitrile, submitted to the
TSCA 8(e) Coordinator translations of several Chinese articles (some published, some
unpublished) relating to studies of acrylonitrile. The AN Group was formed to facilitate the
protection of human health and the environment through all stages of the acrylonitrile product
lifecycle. Members of the AN Group include: Bayer Corporation; BP Chemicals, Inc.; Cytec
Industries Inc.; The Dow Chemical Company; DuPont Company; GE Plastics; Solutia, Inc.; and,

Sterling Chemicals, Inc.

We are hereby today submitting the following three additional Chinese article;s and
English translations: :

Effects of Acrylonitrile Exposure on Male Sexual Hormone;
Effects of Acrylonitrile on Reproductive and Endocrine Systems of Female Rats;
and,

e Lipid Peroxidation Effects of Acrylonitrile in Male Rats.

The English versions were prepared by a translator at the National Institute of Health
Library. The AN Group is not involved with these studies and has not assessed the significance
of the findings. We are, nonetheless, providing these articles to EPA for its information and
suggest that these materials be added to the previously established docket # [SEHQ-0400-

14711].

Please contact me at the address above if you have any questions.
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Effect of Acrylonitrile Exposure on Male Sexual Hormone

Cui Jinshan ,Shi Yishan, Duan Zhiwen, et al.
(Department of Toxicology ,Shenyang Medical College,Shenyang 110031)

Abstact: To evaluate the effects of acrylonitrile( AN ) exposure on male sexual hormone » blood
samples were collected from 71 male workers exposed to AN occupationally and 50 male workers with no
exposure history.The levels of serum testosterone ( T X luteinizing hormone( LH ) follicle stimulating
hormone( FSH ) and estradiol( E2 ) were determined by radioimmunoassay( RIA ).The results showed
that the level of T in exposed workers was lower than that of non-exposed workers » while the level of E2
was elevated in workers exposed to AN significantly( P<0.01).1t was considered that AN exposure could
induce lipid peroxidation and produce Leydig's cell injury in testis throught AN and CEO,but the
mechanism still need study deeply.

Key Words :Acrylonitrile(AN) : testosterone(T): luteinizing hormone( LH X

follicle stimulating hormone( FSH } estradiol( E; )
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NIH LIBRARY TRANSLATION NIH-03-94
John F. Bukacek, Translator Journal Article in Chinese

EFFECTS OF ACRYLONITRILE EXPOSURE ON MALE SEXUAL HORMONE

Cui Jinshan, Shi Yishuan, Duan Zhiwen, et al.
(Department of Toxicology, Shenyang Medical College 110031)

Acrylonitrile (AN) is an important monomer in the organic synthetic chemical
industry. In recent years, there have been many studies published on its general toxicity,
mutagenicity, carcinogenicity, and deformation activity f7-3f. In China, Zhang Yumin et
al. have reported that when male rats are treated with 25 mg of AN per 1 kg of body
weight administered subcutaneously for 77 days, it can lead to a decrease in testosterone
(T) levels in the blood, a rise in luteinizing hormone (LH), a decrease in T in testicular .
tissue, an increase in LH, follicle-stimulating hormone (FSH) and estradiol (¥;) content,
as well as different harmful effects on interstitial cells and sperm production f4/. In order
to study more deeply whether or not long-term exposure to AN affects the Ievel of sexual
hormones production in male workers, and in order to evaluate the overall toxic effects of
AN, this study was conducted on a scientific basis with the aim of protecting workers and
the health of their progeny.

MATERIALS AND METHODS

1. Subjects: A group of 71 male workers in a certain nitrile fiber plant exposed to
acrylonitrile in the manufacturing process and to acrylonitrile in warehouse work areas,
with a mean age of 33.9 + 6.3 (22-55 years of age), a mean working time of 14.3 + 6.4
years (4-35 years), and a control group of 50 male administrative workers and male
workers who perform hazardous work but who have not been exposed to toxic
substances, and work in another factory in the same area, with the same living
environment, and the same economic conditions. The mean age was 34.9 £ 7.2 (24-55
years of age), and the mean working time was 14.1 + 6.7 years (4-34 years).

2. Monitoring of AN in the Air at the Work Place: AN concentration in air in
warehouse work areas was monifored every two months before 1990, and starting in
1990, it was monitored once a month. According to the "Labor Health and Working
Standards," in each factory, monitoring sites for acrylonitrile are to be established in the
warehouse work areas, and measurements are to be performed using gas chromatography.

3. Measurement of Sexwal Hormone Levels: Subjects were forbidden to eat
breakfast, venous blood was drawn from an upper extremity between 8:00 am and 9:00
am, and serum was isolated and prepared for testing. Blood levels of T, LH, FSH, and E;
were determined using radioimmunoassay (RIA). The sample containers were provided
by Tianjin Radiological Laboratory, and used in accordance with their sample container
methodology f5]. Measurements for both the control group and the exposure group were
made on the same day using the same batch sample box.
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4, Statistical Method: The relevant statistical analyses were conducted using a
Foxpro-constructed database and SAS statistical software.

RESULTS

1. Results of Monitoring of AN in Work Area Air: The factory in guestion

was first built in the 1970's, and prior to 1990, it was seriously polluted, with AN

. concentration in work area air exceeding national standards 10 to 20-fold. In 1990, the
factory underwent thorough renovation, with a complete set of facilities introduced into

the factory from the United States. 'Ihemanuﬁcturmgprocesswwereallchannelized,

sealed, and automated, with open-air frames and good ventilation. After using the new

facilities, the annual mean AN concentration fluctuated between 1.54 and 6.09 mg/m s

which exceeded the national standards 1 to 2-fold. From January 1996 to June 2000,

there was a significant drop in annual mean AN concentration. Theresultsaregwenm

Table 1.

Table 1. Results of Measurement of the Mean Concentration of Acrylonitrile
In Work Area Air from 1997 to 2000

Annual Mean Concentration {mgim’)

Wu'ka'easm

1996 ° 1997 1998 1999 2000 °
Chernical plant 17 195 is2 .40 0.74 1.64
Acryionlile 8 1.90 2.20 0.34 043 1.7
Warchouse 3 215 3.05 043 0.14 0.41

2. Symptoms: The exposed group and the contro] group both exhibited normal
liver and kidney function. The principal complaints of the exposed workers were
dizziness, loss of sleep, loss of memory, tightness in the chest, and other non-
idiosyncratic symptoms. A small number of workers complained of sexual dysfunction.
Since the number of tested individuals was only 71, the distribution of the principal
symptoms, as well as a large number of symptoms in the control group not given above,
were not subjected fo statistical treatment.

3. Results of Measurement of Seram Levels of Sexual Hormones
See Table 2. The exposed group exhibited a sngmﬁcant decrease in testosterone

levels, but they were within a normal range (12.4-35.6 nmol/L™), or close to the normal
lower limit.
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Table 2. Results of Measurement of Serum Levels of Sexual Hormones
In Male Workers involved in Work with Acrylonitrile (x + s)

Group Number Age T (nmobL) LH {(JUA) FSH (WUAL) E, (pmolL)
Controi group 59 349+72 23.64+11.54 10.62+4.32 8.8616.55 157.8+142.9
Exposad group 71 339463 15.99:+3.63v* 10224442 9.75+6.06 4214E177.3%

- Fﬁghsimmmwmmmmdmm<ao1}

4. Results of Measurement of Serum Levels of Sexual Hormones in Male
Workers Involved in Work with AN in Groups with Different Length of
Working Time

See Table 3. Table 3 shows that the rise in sexual hormone levels in workers who
had worked for different lengths of time was not significant (P > 0.05) '

Table 3. Results of Measurement of Serum Levels of Sexual Homiones in Male
Workers Involved with Acrylonitrile with Different Length of Working Time (x + 8}

Grop  Number  Yeass Worked T Tnimol/L) LH (UL FSH (WUL) E, (pmol/L)
%15 Years 44 10.3+32 16.14:4:3.47 9.83:+3.67 9.69+6.85 427541852
> 15 Years 27 20.814.7 15.77£3.92 10.871 545 9.33+6.16 411.5:+166.7

5, Results of Measurement of Serum Levels of Sexual Hormones in Male
Workers Involved with AN in Different Work Areas

Sec Table 4. Table 4 shows that the rise in sexual hormone levels in male
workers in different work areas was not significant (P > 0.05)

Table 4. Results of Measurement of Serum Levels of Sexual Hormones in Male
Workers Involved with Acrylonitrile in Different Work Areas (x = )

Group Number T (mmollL) 1H {JUAD FSH (W) E; (pmol/L)
Chemicslplant 27 16.26%3.54 9.941-3.68 10.88+7.10 389.6+173.1
Acrvionitriie 22 15.16:+4.07 1098538 8.5615.78 419.7%202.9

Warehouse 22 16.36+3.38 983+368 846x7.10 461.7+159.8
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6. Results of Measurement of Serum Levels of Sexual Hormone in Male
Workers Involved After 1990

See Table 5. Table 5 shows that in comparison with the control group, male
workers exposed to lower concentrations of AN show lower serum testosterone and
higher B,, with a high degree of significance (P < 0.01).

Table 5. Results of Measurement of Serum Levels of Sexual Hormones in Male
Workers Exposed to Low Concentrations of Acrylonitrile After 1990 (x + s)

" Group Number Ao T (nmo¥L) L QuL) FSH (/L) B, (pmolL)

Control group 50 349172 23.64+11.54 10.62-+4.32 8.86+6.58 157.8+1429
Exposed growp 13 26,7+28 16.51+4.61** 9.0513.61 71.79+6.05 45151189.3**

** High significance in comparison to the control group (P < 0.01)

DISCUSSION

This study strictly controlled the factors affecting sexual hormone levels, such as
age and other mixed influences. The study found that after a relatively long period of
exposure to high concentrations of AN, and less than nearly 10 years of exposure to
relatively low concentrations of AN, male workers exhibited decreases in serum
. testosterone levels, increases in serum E; levels, normal levels of serum FSH, with
fluctuations in serum T and E; levels significantly higher than in the control group (P <
0.01). These fluctuations are explained by the concentrations of AN.

The mean number of working years of the exposed group was 14.3 + 6.4 years,
and among the 71 workers, there were only 13 who had worked there since 1990, with a
mean length of time working at the plant of 6.2 & 2.0 years. Between 1990 and 1997, the
AN concentrafion in air in work areas fluctuated between 1.54 and 6.09 mg/m’, with the
mean value exceeding the national standards from 1 to 2-fold. Starting in 1998, the AN
conceniration in air in work areas was below the national standards, but there was a
marked drop in testosterone levels and a marked rise in E; levels in the aforementioned
13 workers, with a significant increase over the control group (P < 0.01). LH and FSH
did not show significant increases over the control group (P > 0.65), indicating that
working 4 years or more under said concentrations could still have a harmful affect on
secretion and production of sexual hormones. Chen Yuqing et al reported that
acrylonitrile workers who work in conditions where the concentration is lower than
national standards can stifl have blood concentrations of y-GT and urine concentrations of
USCN that are higher than the control group (P < 0.05), and peripheral blood lymphocyte
micromuclens percentage was markedly higher than in the control group (P < 0.05). This
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indicates that even when AN is lower than the national standards, it can produce harmful
effects on workers. Because of this, the aforementioned damage found in this research is
entirely possible [7]. However, in order to obtain more certain prove of this, the
dynamics need to be observed over longer periods of time.

Regarding possible mechanisms for the decrease in blood levels of testosterone,
elevated E;, and lack of significant change in LH levels: AN and its metabolite CEQ are
strongly electrophilic compounds, and CEO is more strongly electrophilic than AN. Both
induce lipid peroxidation in biomembranes, and bind to biological macromolecules such
as lipids and proteins, modifying various types of enzymatic activity in biological
membranes, and at the same time, AN and CEQ readily bind to DNA and RNA, inducing
changes in the genetic material and cell mutations, after which there are changes in
enzymatic synthesis and activity in the organism f8/. Ma Mingyue studied decreases in
blood GSH and GSH-Px activity in male rats treated with 25 mg/kg™ acrylonitrile for 77
days and found lipid peroxidation in tcstlcular tissue f9]. Zhang Yumin reported that
when male rats were treated with 25 mg/kg™ acrylonitrile for 77 days, blood testosterone
levels decreased significantly and E; levels increased significantly. Examination with an
optical microscope found edema in Leydig's cells, with mild deformation, and
examination with an electron microscope revealed swelling of the mitochondria in the
interstitial cells, disappearances of mitochondrial ridges, break-up of mitochondria, and
degranulation of the endoplasmic reticulum f4/. Thus, AN and its metabolite CEO can
damage the mitochondria involved in the synthesis of testosterone, reducing the enzyme
activity in the mitochondria involved in the synthesis of testosterone, so that the decrease
in testosterone synthesis is one of the principle causes of the decrease in blood
testosterone levels. Another possible cause is accelerated tfestosterone degradation in
extratesticular tissues, and at the same time, testosterone conversion results in increased
levels of E,, leading to a decrease in peripheral blood levels of testosterone and increased
levels of E». Except for the secretion by the adrenal gland of small quantities of E; into
the blood of males, testosterone conversion occurs due to aromatase catalysis principally
in extratesticular fatty tissues, nerve tissues, and connective tissues fI6]. This study
found that with increased levels of E;, there is the possibility that AN and/or CEO
induced the aromatase activity, with the result that testosterone conversion leads to
increased E,.

Possible explanations of LH not changing significantly: In general, as a result of
the decrease in testosterone level leading to negative feedback and causing a rise in LH, it
promotes testosterone synthesis, so as to stabilize the concentration of testosterone in the
blood. The fact that LH does not undergo change in this study could be due to elevated
blood levels of E;, and the release of E; to LH could give rise to a kind of inhibitory
effect, with the result that E; is principally derived from the aromatization of peripheral
testosterone, and this type of inhibition can be known through a kind of indirect male
hormone effect, so that the LH level is not raised.
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In order to elucidate the mechanism of damage, it is necessary to conduct more
measurements of the interactive enzyme activity contributing to testosterone and estradiol
synthesis, such as that of Ci7.20 desmolase and aromatase. If it is possible to perform a
qualitative analysis of the seminal fluid of the male workers, to perform biopsies on
testicular tissue, to measure the metabolite USCN in urine, to measure the levels of AN,
CEO, and erythrocyte forming adducts, as well as to observe the dynamics of sexual
hormone levels in the blood of male exposed to low levels of acrylonitrile, this will be a
step toward elucidating the mechanism of toxic action, and determining the threshold
doses with harmful effects on the reproductive system. Revisions in the current public
health standards will be made on the basis of toxicology and epidemiology.
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Effects of Acrylonitrile on Reproductive and Endocrine System of Female Rats
v Duan Zhiwen , Zhang Yumin , Li Haishan, et al.
(Department of Toxicology, Shenyang Medical College 110031)
Abstract Objective To study the effects of acrylonitrile(AN) on the levels of
estradiol (Ex), follicle stimulating hormone (FSH) and luteinizing hormone (LH) in serum of
. female rats ,as well as histopathological changes of uterus ,ovaries and adrenal gland.
Methods Female rats were administered by subcutaneous injection for 30 days ,and their
levels of above hormones were determined by RIA , as well as histopathological examinations
were performed for above organs with light microscope. Results There waé no significant
difference between the exposed groups and the control group in the leves of the three homones
(P>0.05),while there were histopathological changes of different degree in ovaries
and adrenal gland. Conclusion Under this condition , AN has no effect on hormones of
female rats, but it has direct damage effect on reproductive system.

Key words Acrylonitrile; Rats; Estradiol(E2) : Follicle stimulating hormone (FSH)

Luteinizing hormone (LH)
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EFFECTS OF ACRYLONITRILE ON REPRODUCTIVE AND
ENDOCRINE SYSTEMS OF FEMALE RATS

Duan Zhiwen, Zhang Yumin, Li Haishan, et al.
(Department of Toxicology, Shenyang Medical College 110031)

Acrylonitrile (AN) is an important monomer in the organic synthetic chemical
industry. It is widely used in the synthesis of nitrile synthetic fibers, ABS processed
plastics, packaging materials for processed foods, and other applications fIJ. Animal
studies and epidemiological surveys show that acrylonitrile brings about different degrees
of damage to animal and human reproduction, and can cause certain birth defects, but the
mechanism has yet to be elucidated. Our experiments used varying levels of acrylonitrile
in subcutaneous injections in female rats for 30 days, to study the effects of acrylonitrile
on blood levels of E;, LH, and FSH, as well as the effects on hormone levels in female
rats. We observed histopathological changes in the reproductive system, and found
evidence of damage in the early stages.

MATERIALS AND METHODS

1. Subjects and Treatment: We used 40 female Wistar rats weighing 180-220 g
provided by the Shenyang Medical College Experimental Animal Center. The animals
were divided into 4 groups: 1 control group and 3 treatment groups. Using subcutaneous
injection, saline was administered to the control group, and 5 mg/kg, 15 mg/kg, 25 mg/kg
were administered to the treatment groups, on the basis of 0.2 mI/100g. The animals
were treated once a day for 30 consecutive days.

2. Test Sample: The acrylonitrile was from Shanghai Reagent Third Factory, lot
number 941210. Acrylonitrile content was 99%, and prepared in the appropriate
concentrations using saline, and distributed for clinical use.

3. Experimental Method: 30 days afer treating the rats, they were anesthetized
with ether, blood was drawn from the ventral aorta, and then the organs were removed
and weighed. After the blood clotted, the serum was removed by centrifugation, and RIA
was used to determine serum levels of E;, LH and FSH, and histopathological changes in
the ovaries, uterus, and adrenal gland were observed under an optical microscope.

4. Statistical Analysis: A Foxbase database was set up, and SAS software was
used to perform statistical analyses and significance studies.
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RESULTS

1. Toxic Symptoms: One week afler treatment, each treatment group exhibited
symptoms such as differing degrees of agitation, unease, restlessness, and the like. Two
weeks after treatment, they exhibited symptoms such as excitement, shortness of breath,
and irritability, and after about one week, they returned to normal. Three weeks after
treastment, the high-dose group exhibited symptoms such as listlessness and lethargy.
Body weight in each group of animals increased rapidly along with increases in dose
amount, and there was a tendency to decrease in the control group, but the difference was
not significant (P > 0.05).

2. Effect of Acrylonitrile on the Endocrine System of Rats
Table 1 shows a comparison of endocrine levels (P > 0.05)

Table 1. Effect of Acrylonitrile on the Endocrine Systern of Rats (x + s)

Group n  FRH(MiU/mi) LE(mIU/ml) Ex{pg/ml)

Control 10 15374599 5.48:£1.37 37.61+£21.24
Smghg 10 1664677 4954230 460842634
smgkg 10 21.07+896 3974225 M 4E2281
mghg 10 15.70+7.59 45740.79 54.64+18.74

3. Histopathological Studies of the Effect of Acrylonitrile on the Rat
Reproductwe System

Ovary: The outer surface of the ovaries in each group appeared smooth, with a
membrane of fine tissue, and it was still possible to distinguish the three parts, namely,
the membrane, the cortex, and the medulla, and within the cortex layer there were
follicles in different stages of development. Among the rat ovarian tissues treated with
differing doses of acrylonitrile, the number of primary follicles and growing follicles that
developed did not exhibit a clear increase or decrease in comparison with the controf
group. A greater number of granulocytes could be observed in the growing follicles of
each treated group, in comparison to the control group, as well as differing degrees of
fatty degeneration and aqueous degeneration. Inside the cavities of the follicles of high-
dose group were found punctate and pyknotic necrotic cells, and inflamed cells which
had infiltrated, and at the same time, the blood vessels had expanded and were gorged
with blood. Mature follicles were few in number, but a large number of corpora lutea and
interstitial glands could be observed to have formed. The lutein cells were degenerate,
and their interstices did not exhibit evideuce of changes such as fibrous hyperplasia.
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Uterus: The endometrium in each group exhibited local infiltration of a large
number of neutrophilic granulocytes and acidophilic granulocytes, as well as expanded
blood vessels gorged with blood. Glandular hyperplasia was dramatic, with no
significant difference among the treatment groups.

Adrenal Gland: The structure of the histological layers could be clearly
distinguished, and the high-dose group had some cells that were fibrous or granular, with
the hemal sinus expanded and gorged with blood.

DISCUSSION

Changes in the female reproductive cycle are primarily regulated by hormones
secreted by the hypothalamus, anterior lobe of the pituitary, and ovaries, via the
hypothalamus-pituitary-ovary regulatory axis. Hormones secreted hy the hypotha]amus
and pituitary regulate and influence periodic changes in the ovaries, and the ovaries
produce hormones and regulate periodic changes in the endometrinm. When the follicles
approach maturity, the level of female hormones is high, and the FSH and LH secreted by
the pituitary reach their highest peaks. The elevated blood levels of female hormones can
generate feedback that influence the secretory activity of the pituitary and hypothalamus,
increasing the secretion of LH. Under the joint action of LH and FSH, the ovaries release
ova corpora lutea are formed f2]. External compounds have many harmful effects on the
~ female reproductive system, and disruption of the endocrine system is one of the harmfut
effects most commonly seen. If an external compound interferes with the synthesis and
release of hormones, then the concentration of this hormone in the blood will give rise to
changes, and affect normal reproductive function. Acrylonitrile is a chemical substance
with unclear cumulative effects f3/. Its absorption in animals is related to the means by
which it is administered. Absorption is 95% in the case of oral or respiratory intake, but
only 1% in the case of cutancous administration. Acrylonitrile has two principal
metabolic pathways, one of which is detoxification through direct conjugation with
ghitathione (GSH), and the second of which is the formation of 2-cyanoethylene oxide
(CEQ) under the effects cytochrome oxidase activity, after which it is conjugated with
GSH and then eliminated from the body in the urine /4J. Shao Jing et al treated female
rats with acrylonitrile by peritoneal injection (8, 16 mg/kg) for 16 weecks, and measured
serum levels of LH, FSH, and E,, and when the dosage reached 16 mg/kg, the serum
level of LH felf significantly. Histopathological examinations performed with an optical
microscope revealed nuclear dissolution, and the cavities of growing follicles were filled
with amorphous matter. There was a decrease in the number of mitochondria of follicle
cells visible under the microscope, and a small number of them were swollen, giving rise
to bubble degeneration f5/. The explanation is that acrylonitrile is able to directly
damage the reproductive organs and affect reproductive endocrine function, and produce
a toxic effect on reproduction. These experimemal results show that acrylonitrile does
not significantly affect E;, FSH, and LH in female rats, but optical microscope
examination can show that acrylonitrile has a relatively clear effect on the reproductive
system of female rats, and as the dose increases, degenerative necrosis increases within
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the ovaries. The results explain the direct harmful effects of acrylonitrile on the
reproductive system of female rats, and furthermore, they explain that if a certain dose
level is reached, acrylonitrile can directly harm the reproductive system of female rats,
affecting follicle growth throughout the process of formation. The bormones do mot
undergo significant changes, and the main reasons are as follows:

1. The half-life of acrylonitrile is short, the administration time intervals are
relatively long and the treatment period is short, and acrylonitrile cannot be stored in the
body, so it cannot exhibit a large toxic effect. Zhang Yumin et al f6] reported on the
subcutaneous administration of 25 mg/kg in male rats for 38 days, and each observation
showed no significant change, and when treated for 77 days, there was a drop in blood
testosterone (T) levels in rats, a rise in LH, a drop in T, and increases in LH, FSH, and E;
in the testes. Because of this, when the cumulative dosage reached a certain level, the
endocrine system sustained a certain level of damage.

2. Analysis of Dynamics: In these experiments, the rats were all treated for 30
days, and if the serum levels of FSH, LH, and E, in rats are measured 1-2 weeks after
treatment, the results are not in agreement with the test results afier 30 days. The reason
is that after the passage of 1-2 weeks, a certain compensatory adaptation to acrylonitrile
occurs in the bodies of the rats, and the endocrine system within the organism rapidly
reaches a state of equilibrium, canceling out the effect of the external substance. Toxicity
m&esonwybnmdemedmmeasethcmatmmumeandrmsetbeuemmdose,
so as to further explore the effects on female hormones.
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LIPID PEROXIDATION EFFECTS OF ACRYLONITRILE IN MALE RATS
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Abstract: In order to study the Lipid peroxidation effects of acrylonitrile, subcutaneous
injections of acrylonitrile were administered to male rats, measurements were taken over
38 days and 77 days, to obtain a lipid peroxidation index for blood and testicular tissues,
and pathological examinations were done on the testes and epididymis. The results
showed that in groups treated for 38 days with 15 mg/kg” and 25 mg/kg” there was a
significant increase in blood levels of GSH, and in groups treated with 5 mg/kg”, 15 mg
/kg!, and 25 mg/kg™ there was a significant decrease in GSH-Px levels in the testes,
indicating a negative correlation with dosage (r =0, 464, P < 0.01). In groups treated for
77 days with 25 mg/kg™, there was a significant decrease in blood levels of GSH-Px, and
in groups treated with 5 mg/kg™, 15 mg/kg™, and 25 mg/kg”, there was a significant
decrease in GSH, indicating a negative correlation with dosage (r =0, 789, P < 0.01). In
groups treated with 5 mg/kg”, 15 mg/kg’, and 25 mg/kg”, there was a significant
decrease in GSH-Px levels in the testes. Pathological observations indicated deformation
of the seminiferous tubules, fibrous deformation of the spermatogonium, reduction in
sperm production, and reduced sperm count in the epididymis. We were able to conclude
that acrylonitrile can induce lipid peroxidation effects in the testicular tissues of rats.

Key Words: Acrylonitrile, rat, lipid peroxidation effects, testes

Acrylonitrile is one of the important hazardous air pollutants in the work
environment 1], and it serves as an organic monomer in the production of nitrile fibers,
acrylonitrile-butadiene rubber, ABS industrial plastics, and certain synthetic resins. In
recent years, there has been greater interest in toxicological studies on acrylonitrile, with
an emphasis on the specific toxicity of acrylonitrile 2], and there have been some reports
on toxic effects of acrylonitrile on the reproductive system f3,4]. Metabolic research on
acrylonitrile has focused on reactive oxygen f5,6], but the authors have yet to sec any
reports on whether or not lipid oxidation due to acrylonitrile is one of the mechanisms of
damage to male reproductive cells. This paper reports on a possible mechanism of toxic
effects of acrylonitrile on the reproductive system, arrived at by monitoring subacute
exposure to acrylonitrile, and lipid oxidation products and antioxidation products in the
blood and in testicular tissues, as well as antioxidase activity.

1, Materials and Methods
1.1 Test Material

Chemically pure specimen of acrylonitrile, with a purity of 99%, and cyanic acid
content of 0.05%.




NIH-03-94 2
1.2 Test Animals and Groups

80 healthy male Wistar rats were selected, with body weight 180-220 g, and
divided randomly into a negative control group, acrylonitrile treatment groups of 5
mg/kg’, 15 mg/kg”’, and 25 mgrkg™, each group containing 20 rats. The Wistar rats were
provided by the Shenyang Medical College Experimental Animal Center.

1.3 Treatment of Experimental Animals

Aqueous solutions in the relevant concentrations were prepared with acrylonitrile
and saline, with subcutancous injections based on 0.2 mL/100 g, with the negative
control groups receiving equivalent volumes of saline, with treatment once a day for 77
days, and 10 animals were randomly sacrificed on the 38" day and on the 77 day, and
blood was drawn from the ventral aorta, and testes were removed from the same side, and
saline was used in a ratio of 1:10 to prepare homogenized test specimens.

1.4 Determination of Index and Methodology

Measurements were made of SOD, CAT, and GSH-Px activity in blood and
homogenized testicular specimens , as well as MDA and GSH content. Determination of
the above-mentioned index used specimen containers provided by the Nanjing Jiancheng
Living Organism Processing Laboratory. The measurement method followed the manual
for index determination utilizing the specimen containers.

1.5 Statistical Method

Using a database created with Foxbase software, SAS software was applied to
statistical analysis. '
2. Results

2.1 Measarement Results for Blood SOD, CAT, GSH-Px, MDA, and GSH in Male
Rats Treated with Acrylonitrile for 38 Days

See Table 1. From Table 1 we can see that blood GSH has significant levels
among the groups, in accordance with F analysis (P < 0.05), and that GSH levels
increased significantly, with the index not increasing significantly (P > 0.05).

Table 1. Results of Measurement of Blood Levels of SOD, CAT, GSH-Px, and GSH
In Male Rats Treated with Acrylonitrile for 38 Days (x+ 5)

Group No. of ubA sob CAT GSH-Px oS
Animals (nsol.at-)  (W.ei-1) Q. ghib-1) () (mg. ghb-1)

Negative control 10 14.9143.76  386.75450.85 448.30:136.31 30.91+ 9.05 2. 39:0. 26
Smg kg-l 10 13.85s2.32 330.50465.05 454.40£132.21 3L.87% 7.85  2.9310.63
I5ag.kg-1 10 15.89s0.87 350,08408.78 441 26k 90.86 32.03+12 40 3. 100, 55+
25mg kg1 10 16.0042.25 335.98:37.41 47644« 90,28 2T. 30+15.41  2.9240. 39«

= P < 0.05 when compared with respective negative control




NIH-03-94 3

2.2 Measurement Results for Testicular SOD, CAT, GSH-Px, MDA, and GSH in
Male Rats Treated with Acrylonitrile for 38 Days

Sec Table 2. From Table 2 we see that GSH-Px levels in rat testicular
homogenate in groups treated for 38 days rise significantly (P < 0.05) in accordance with
* F analysis, and that there was a negative correlation to the dose level (r = -0.464, P <
0.01), with the index not increasing significantly (P > 0.05).

Table 2. Results of Measurement of Testicular Tissue Levels of SOD, CAT, GSH-Px,
and GSH in Male Rats Treated with Acrylonitrile for 38 Days (x + s)

Gmu( - MDA $0D CAY GSH-Px G5
Nmals(-ol wePr-1)  (agPr-1)  {.gPr1) (U.mgPr-1)  (mg.gPr-1)

Negative controllo  0.6820. 12 3R 91E 419 32.71210.77  48.79:8.81 4.5210.4¢
Swg. kg1 0 0.6230.11 48 10xlL.3Ef  25.61 7.01 39 5727.42¢ 4.31x0.58
15mg. kg1 10 0.63+0.13 52.06: 9.69+¢ 25,55+ 8.13 39 967, 20% 4. 4310, 85
26mg. kg-1 10 0.58:0.14 49.03% 4.73 2605+ 6,32 36 15589 4. 190, 62

* P < 0.05 when compared with respecfive negative conrol

2.3 Measurement Results for Blood SOD, CAT, GSH-Px, MDA, and GSH in Male
Rats Treated with Acrylonitrile for 77 Days

See Table 3. From Table 3 we see that rat blood levels of GSH-Px actmty in
groups treated with 25 mg/kg™ rise significantly (P < 0.05), w1th the index not increasing
significantly (P > 0.05).

Table 3. Results of Measurement of Blood Levels of SOD, CAT, GSH-Px, and GSH in
Male Rats Treated with Acrylonitrile for 77 Days (x £ s)

Geoup No. of wh s cAT - GSH-Px 1
Animgls (neol.wl-1)  (W.ul-1) QL glib-1) w {»g. gtib-1)

Negative control 10 1L.60:1.64 331.8B:41.64 52887+ 94,20 38.54:10.57 2.6{20.91
Smg. kg1 10 B.47+L.91 325.87473.06 463.52+138.37 43.52:10.55 2.40:0.65
15eg. kg-1 10 9 541087 307.69+41.14 525.63£180.88 - 51.62+14.67% 3, 17x0.98
25mg. kg1 10 10.17£].41 296.29426.21 535.462107.59 26.76 8 18+ 2,4520.45

*P<0_05Mmomparedwiﬂtrapeeﬁvenegaﬁvecomml

2.4 Measurement Results for Testicular SOD, CAT, GSH-Px, MDA, and GSH in
Male Rats Treated for 77 Days with Acrylonitrile

See Table 4. From Table 3 we see that GSH-Px levels in rat testicular
homogenate in groups treated for 77 days rise significantly (P < 0.05) in accordance with
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F analysis, that GSH decreased significantly, and that there was a negative correlation to
the dose level (r = -0.789, P < 0.01), with the index not increasing significantly (P >
0.05).

- Table 4. Results of Measurement of Testicular Levels of SOD, CAT, GSH-Px, and GSH
in Male Rats Treated with Acryloniirite for 77 Days

Group No. of oA S00 oAt GSH-Px cSH
ANRS o) mgPr-l)  (MLwgPr-)  (U.gPr-D) U.gPr-1)  (mg.gPr1)

Negativecontrol 10 0.70:0.17  38.18x 5.74  26.266.00 37.79:iL 63  3.6420.91
mg.kg=l 0 0.6140.15 37.732 B.87  20.5414.26 . 24.00:'9.24¢ 2. 70+0.86% }
Swg. kg-F 10 0.700.15 42.07: T.48  25.4545.08  25.49% 6.39% 1.B820, 60+
2Beg. kg-t 10 0.5640.09 33.28812.17 21 40+7.70  33.87& 8.62 1. 1240, 34

‘P<o.05whmwmuedwiﬂrre§peaivenegaﬁvem0i

3. Discussion

It was previously known that acrylonitrile possess two principal metabolic
pathways in biological organisms [8]. One of them is conjugation with GSH and
detoxification, and the other is the formation of cyanoethylene oxide (CEO) under the
effects of cytochrome oxidase within the cell. Acrylonitrile and its metabolite CEO
possess relatively strong electrophilic and oxidative properties [2], and they are
conjugated with GSH and eliminated from the body in the urine almost completely. In
the process of binding with electrophilic and oxidative compounds, there is required the
activity of GSH - S - GST and GSH-Px.

The results of our study shows that when treated with acrylonitrile tbr 38 days,
blood levels of GSH rose in groups receiving 15 mg/kg” and 25 mg/kg™”, GSH-Px
activity decreased in testicular tissues, indicating a relationship between dosage and
effect. When treated with acrylonitrile for 77 days, GSH-Px activity in blood decreased
sxgmﬁcantlymgroupsrece:ngS mg/kg™, and there was a significant decrease in blood
levels of GSH in all treated groups, mdlcatmg a relationship between dosage and effect.
This is due fo the introduction into the body of large quantities of acrylonitrile and its
metabolite CEQ, and since the body resists the barmful effects thereof, it first stimulates
increased production of GSH, leading to higher blood levels of GSH, and the conjugation
of acrylonitrile and CEO protects the relevant tissues from damage, in particular, the
testicular tissues. However, when exposure occurs over an extended period, acrylonitrile
and CEO both increase within the organism, prompting accelerated synthesis of GSH,
and the rate of conjugation decreases, resulting in a gradual depletion of GSH in the
blood, and when the treatment dose increases, GSH depletion progresses continuously,
leading to a significant decrease in GSH in the blood. With regard to the effect on
testicular tissues it can be said that due to a decrease in GSH-Px activity, there is a
decrease in GSH-Px activity in the participation of GSH in the process of conjugation of
acrylonitrile and CEO, thereby assisting the oxidative system within the organism,
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causing some damage to testicular tissues. From a pathological standpoint, this
demonstrates that acrylonitrile brings about lipid peroxidation in sperm producing cells,
as well as cellular damage, fibrous formations, damaging sperm production, and reducing
sperm count and volume.

Based on the above results, we can realize for the first time that when acrylonitrile
undergoes metabolic activity, it has a certain lipid peroxidation effect on the organism,
and this can constitute one of the mechanisms of harm to the male reproductive system.
However, in our study, the lipid peroxidation and changes in the lipid peroxidation index
in testicular tissues are not clear, and the protective effect of GSH in the tissues is
relatively stable, so the tissues avoid being damaged by hpid peroxidation. Accordingly,
GSH exhibits very good effects against the oxidative damage caused by acrylonitrile.
There is a decrease in GSH in blood and tissues in which there are characteristic lipid
peroxidation effects produced by acrylonitrile in organisms, leading to the conjecture that
acrylonitrile canses damage to the lhuman body, bringing about changes in early stages of
exposure, and lowers blood levels of GSH. If this conjecture is proven to be true, then
this would suggest that changes in blood levels of GSH would indicate that acrylonitrile
produces damage at early stages of exposure.

Epidemiological data f9,10] indicate that in faciories where there is serious
acrylonitrile contamination, a certain amount of harm is done to the reproductive systems
of both male and female workers. Our research demonstrates that acrylonitrile can
produce lipid peroxidation effects in the reproductive systems of rats, as well as harm to
sexual function. Further research is needed regarding the mechanism of reproductive
damage effected by acrylonitrile, so as to promote research into epidemiological
mechanisms, and to ensure the health of workers and their descendants.
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