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Abstract

The effect of subchronic exposure to low doses ol acrylonitrile on respiratory

functions and the alterations of the cholinergic responses controlling this system of the

male Wistar rals had been investigated. Acrylonitrile at the doses 1 and 25 mg/kg body

weight were administered subcutaneously once daily, 5 days per week for 8 weeks.

Normal saline in comparable amount was administered to the control group. Respiratory

functions (peak expiratory flow, respiratory rate, minute _volume, tidal volume,

inspiratory time, expiratory time, relaxation time, specific airway resistance, specific

airway conductance) were recorded by using Noninvasive Respiratory Analyzer at the

lst, 2nd, 4th, 6th, and 8th week of the treatment schedule.

The subchronic exposure to I mg/kg dose of acrylonitrole showed no significant

alterations in respiratory functions when compared with control group. Whereas, the

administration of acrylonitrile 25 mgkg showed time-dependent alterations. The

significant effects in the respiratory functions, for example decreased peak expiratory

flow, increased specific airway resistance, were observed markedly at the first and

second week of acrylonitrile 25 mglkg treatment, however, the adaptive changes to

nearly the values of control group especially at one week following the termination of
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8 weeks of acrylonitrile treatment were also detected. The other signs of acrylonitrile on

cholinergic functions including salivation, lacrimatio4 and diarrhea were also observed

in acrylonitrile 25 mg/kg treated group.

The acrylonitrile-treated rats were challenged with atropine sulfate(i0 mg/kg,Im.)

or physostigmine (0.5 mglkg,Im.)at day 5 of the 8th week of the treatment schedule. No

significant alterations in respiratory functions of acrylonitrile 25 mg/kg treatment were

observed after atropine challenged. Similar results were found at the dose of acrylonitrile

1 mglkg after chalienge with atropine in almost all of respiratory functions.

After challenge with physostigmine, significant hyperactivity of cholinergic

functions were observed in control and acrylonitrile 1 mg/kg treated group. In

acrylonitrile 25 mglkg treated group, the similar pattern of response to physostigmine on

respiratory functions were observed but mostly to the lesser extent than acrylonitrile 1

mg/kg treatement.

The results of this study revealed that, the effect of acrylonitrile on respiratory

functions after subckonic exposure were dose and time dependent. At the dose of

1mg/kg acrylonitrile treatment, there was no effect on respiratory functions and

muscarinic response to acetylcholine- However, at higher dose.25 mg/kg, the results

obtained after subchronic exposure for 8 weeks suggested that there was a subtle

decrease in muscarinic response to acetylcholine. These observations could not be

detected clearly by the administration of muscarinic antagonist, atropine, but it would be

revealed upon a marked activation of muscarinic receptors induced by physostigmine. At

present, it is not possible to explain what is the exact mechanism of reduced

physostigmine response in acryloniyrile-treated rat. Further studies are needed to

elucidate the specific sites and mechanisms of acrylonitrile-induced reduction in

cholinergic responses following the administration of physostigmine.
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CHAPTER I

INTRODUCTION

Acrylonitrile (CH2=CH-CN; VCN) monomer is a major industrial chemical with

a wide range commercial applications including the production of synthetic fibers and

plastics. Its principal uses are the manufacture of acrylic and modacrylic fibers, as a

constituent of acrylonitrile-butadiene-styrene(ABs) and acrylonitrile styrene(As) resins

and as an intermediate in a number of chemical processes(1). Acrylonitrile may also enter

the environment during storage, transport, transfer and end-use (2).

Acrylonitrile has an extremely wide range of uses, so that there is a strong

likelihood of occupational and general human exposure through air, water and food. In

addition, there is widespread direct physical contact from manufactured products, such

as packaging, including that of food and beverages, textile fibers for clothing and

furnishing. There is evidence that acrylonitrile has persisted in soil for a long period

following accidental spillage(2,3). Acrylonitrile has been reported to cause human

poisoning and deaths from occupational (mostly resulting from exposure to acrylonitrile-

contaminated air in industrial production and processing sites) and accidental exposure.

In in vitro preparation acute exposure to high concentrations of acrylonitrile has

been reported to cause irritation of respiratory tract, eye, nasal cavity, and adverse

effects on central nervous system and gastrointestinal tract, dysfunction of liver and

kidney (1,2,4,5).

There are many studies reported that long term exposure to acrylonitrile caused

mild liver dysfunction, cancer (particulary of the lung), lability of autonomic function

(7,2,3,6,7). From epidemiological studies, there was a report indicated a significant

decrese in an epinephrineJike substance and the increase in acetylcholine level in

acrylonitrile-exposure workers (7). In additioq symptoms of irritation to the respiratory

tract such as stuff up and running nose, constant coughing, feeling of pressure on chest,
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and chocking lump in the throat were reported significantly more often in worker

involved in acrylonitrile production. These adverse effects may be regarded as a

temporary and reversible symptoms(8). At present, there are few studies about the

effects of low dose and chronic exposure to acrylonitrile on respiratory functions. The

preliminary studies from our laboratory indicated that chronic exposure to acrylonitrile

could induce alterations in tracheal muscarinic receptors. In this study attempts have

been made to gain more informations about the influence of acrylonitrile related to the

respiratory functions in intact test animals .

The obiectives ofthis studv are as follows :

1. To investigate the effects of long+erm exposure to acrylonitrile on body weight and

respiratory functions (peak expiratory flow, tidal volume, respiratory rate, minute

volume, relaxation time, inspiratory and expiratory time, specific airway resistance,

specific airway conductance).

2. To detect whether long-term exposure to acrylonitrile can induce the alterations in

respiratory function related to cholinergic nervous system.

つ
４
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CHAPTER Ⅱ

LITERATURE REVIEWS

l.ACRYLONITRILE

l.INTRODUCTION

Acrylorlltrile is also known as;2-Propenerutrile:AN;Cyanoethylene;VCN;

Ventox;Vinyl cyarnde;Acryloni Carbacryl;Furrllgrain.(2,9,10)

1.1.Physical and chemica propertics:

Acrylonit■ le(CH2=CH~CN)is a v01atile,colourless,■anmable liquid with a

sweet characteHstic odour(2).It iS S01uble in water(at 25° C,7.4 percent by weight),

and nuscible in all proportions in acetone, benzene, carbOn tetrachloride, ethyl alcohol

and a number of other organic solvents(10)

IInportant physical properties of acrylonit● le are as follows: boiling polnt

77.5-79° (〕,ieezing point‐ 83.5° (〕,relative molecular weight 53.1, conversion factor:

l ppm in air=22 mg/m3(3)

The structural folHlula as shown in flgure l

H＼

＼c=c_c=N

H/

FIGURE 1. Structural formula of acrylonitrile.

―

Ｉ

Ｈ
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4

The reaction of acrylonitrile involves the double bond (C=C) and/or the cyano

group (CN). It poly,rnerizes to polyacrylonitrile and copolymerizes with,e.g, styrene,

butadiene, esters of acrylic or methacrylic acid to form acrylonitrile-butadiene-styrene-

resins (ABS), acrylonitrile-styrene(AS) resins, nitrile rubber, acrylic and modacrylic

fibers. Hydration of acrylonitrile produces acrylamide or acrylic acid(2). Acrylonitrile is

used in the manulacture of synthetic fibers, rubbers, and plastics and as an important

chemical intermediate( I 1 ).

1.2 Industrial and environmental sources, and level of exposure :

Acrylonitrile does not occur as a natural product(2,3). The major sources of

contamination of the general environment are acrylonitrile producing and polymerizing

plants. The occurence of acrylonitrile in air, water and soil near industrial plants has also

been described. The production and use of acrylonitrile at the workplace provide the

greatest potential lor exposure. Airborne exposure to acrylonitrile near industrial sites

appears to pose the highest risk for the general population; the potential for exposure

through water and food appear to be low by comparison(2).

Acrylonitrile is among the 50 most extensively synthesized chemicals in the

United State. Commercial production of acrylonitrile was first reported in 1940 (3).

The annual production for 1974-1976 was only 1/4 of that ofvinyl chrolide, but about 10

times more than that of DDT (2).

In the U.S.A. in 1976 (3) acrylonitrile was used for the manufacture of acrylic

and modacrylic fibers (48%), acrylonitrile-butadiene-stylene resins (21%), adiponitrile

(12%) nd other products (mainly the production of polyether poly.rner, polyols,

acrylamide) (19%) Acrylic and modacrylic fibers are used primarity in clothing and

home furnishings (82%) and the remainder (18%) was exporred.

The major applications of acrylonitrile-butadiene-styrene and acrylonitrile-styrene

resins are the pipe fitting, automotive vehicle components, automobile instrument

panels,household items.
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Acrylonitrile may enter the environment during the various stages of storage,

transport, transfer, and end-use. Of the estimated total emission of 3,856 mg per year,

monomer acrylonitrile-butadiene-styrene(ABS), styrene-acrylonitrile resins(SAN) and

acrylic fiber production facilities emit acrylonitri\e 802, 1,424 and, 1,276 mg,

respectively, to the atmosphere per year (l).

Half-life of acrylonitrile in air is estimated to be 13 hours which is long enough to

allow transport of acrylonitrile from emission sourses to nearby pollution areas. It would

appear that only minimum amounts will remain in the environment; thus acrylonitrile

dose not represent a long-term environment hazard(l2). In water, the halfJife, as

estimated by the BOD test, is 5-7days. Acrylonitrile has also been detected in drinking

water, although the lelvels were not quantified. There are insufficient data with which to

determine the human intake of acrylonitrile tkough food and drinking water(2).

Acrylonitrile polymers and copolymers are components of products intends for uses in

contact with food. The migration of acrylonitrile from these containers into food and

beverages have been considered(2,13). The use of copolymers of acrytonitrile for making

beverage bottles was banned in the U.S.A in September 1977 (2).

In Thailand, Hazardous Substance Office, Ministry of Industries stated that

acrylonitrile was imported approximately 15,452.71MT in 1990, 11,109.12 MT in 1991,

and 23,811.49 MT in 1992 (14)

Prior to 17 January 1978, the US Ocuparional Safety and Heatth Administration's

health standards for exposure to air contaminants required that an employee's exposure

to acrylonitrile not exceeding an eight-hour time-weighted average of 20 ppm (45

mglm3) in the workplace air in any eight-hour work shift of a forty-hour work. On 17

January 1978 the uS ocupational Safety and Health Administration announced an

emergency standard for acrylonitrile, which limits employee exposure to an eight-hour

time-weight average of 2 ppm(4 5 mg/m3)acrylonitrile in air (3).

5
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2. TOXICOKINETICS:

2.1 ABSORPTION : Acrylonitrile is emiued in the form of vapor and in

aqueous effluents (2). It is absorbed through skin, stomach and lung with most acute

exposure resulting from inhalation (15). Acrylonitrile can readily absorbed from

respiratory tract (9). Rogaczewska and Piotrowski in 1968 (16) reported that in human

studies, the retention of acrylonitrile in the respiratory tract in 3 volunteers exposed to a

concentration of 20 mglm3 for up to 4 hours was about 46 o/o and did not change

throughout the inhalation period.

The uptake by lung tissue was extremely fast, having a maximum at 0.5 hour

after oral administration ( 17).

Acrylonitrile is readily absorbed through the skin, although systemic intoxication

is rarely seen, probably because it evaporated before toxic quantities are absorbed. It is

readily absorbed by leather gloves and footwear, causing skin absorpion and blistering

(9) The average absorption rate of liquid acrylonitrile through skin was 0.6 mg/cm2 per

hour (16). However, dermal absorption is poor and occur at about 1% of that of the

lung. Following absorption ol radiolabled acrylonitrile, the radioactivity disappears in a

biphasic manner, with the half-life for the first phase of 3.5-3.8 hours and for second

phase of50-70 hours (1). Acrylonitrile is only slightly absorbed from the stomach (18).

The absorption rate of acrylonitrile was lower in rats after oral administration

than after subcutaneous or intraperitoneal administration. A-fter intraperitoneal

administration, the blood concentration of acrylonitrile reached a maximum in several

minutes and then decreased rapidly (19,20).

2.2 DISTRIBLITION . After a single intraperitoneal and oral administration of

radiolabled acrylonitrile to rats. Most of lac found in the tissues were associated with

erythrocytes,liver, kidney, intestine, skeletal muscle, lower levels being found in lung

and brain(2l) Loss of l4C from liver and kidney occured fairly rapidly, but laC in the

erythocltes was still mostly retained 48 hour after treatment(18). Up to maximum of

6
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94o/o of 14C acrylonitrile in erytkocy,tes were found to be covalently bound to

cytoplasmic and membrane proteins(22). Radioactivity in lung tissue declined gradually

as a function of time and was still detected at 72 hours after single oral dose ( 17).

The evidence available at present on the distribution ofacrylonitrile in the body

and on tissue damage following expossure does not indicate increased accumulation in

any particular tissue or organ, except erlthrocytes, and there is no indication &om animal

studies of tissue accumulation following long{erm exposure (2).

There are no data on the distdbution to the brain of acrylonitrile or its

metabolites, although brain lesions have been associated with acrylonitrile exposure (12).

However, from the studies of Ahmed et al. in 1982, and Sato et al. in 19g2 about the

distribution and accumulation of 2,3-laC acrylonitrile in the rat, they observed the Ionger

retention of acrylonitrile in brain and muscle. The cytosol fractions of brain, liver, and

kidney showed a relatively high specific rudioaLctivity (23,24).

2.3 BIOTRANSFORMATION: The oxidative pathway of acrylonitrile

biotransformation includes a number of consecutive en4me-catalyzed or spontaneous

reactions. The first step, oxidation of acrylonitrile to glycidonitrile, is catalyzed by

hepatic microsomalmono-oxygenase{2,25,26). Glycidonitrile is.a reactive intermediate;

in in vitro experiments it is transformed by epoxide hydrolase to glycoaldehyde

cyanohydrin, which decomposes spontaneously to hydrocyanic acid (cyanide) and

glycolaldehyde (2,25,26). The results of animal studies have shown that cyanide formed

in vivo is subsequently converted by rhodanese to thiocyanate and eliminated in urine

(2,27)

The proposed routes of oxidative pathway are shown diagrammaticaly in figure2.
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Acrylonitrile forms stable conjugates with L-cysteine and L-glutathione in vitro.

Depressed levels of sulfhydryl compounds have been reported following acrylonitrile

administration (28,29). The spontaneous conjugation of glutathione with acrylonitrile or

glycidonitrile proceeds very slowly. Since glutathione conjugates are precursors of

mercapturic acids (N-acetyl-S-(2-hydroryethyl)-L-cysteine), the occurrence of

mercapturic acids derived from acrylonitrile and glycidonitrile may be expected in the

urine of animals exposed to acrylonitrile (2).

Acrylonitrile-derived glucuronide might be the alternative substance to conjugate

metabolites (23).

Gut et al. in 1975 (18) reported that after a single dose of acrylonitrile 0.5 or

0.75 mlWkg BW., the main metabolite of acrylonitrile is thiocyanate and found that

acrylonitrile was more effectively metabolized to thiocyanate in mice than in rats after

ora[,intraperitoneal and intravenous administration. A greater response of acrylonitrile to

thiocyanate metabolism and a large decrese in its acute toxicity after thiosulfate

treatment in mice than in rats indicate possible difference mechanism of acrylonitrile

toxicity in these animals. cyanide apparently plays a minor role in the acrylonitrile

toxicity in rats, but may play quite an important one in mice

Acrylonitrile-derived glucuronide migth be the altemative substance to conjugate

metabolites (30).

ln general, all metabolic systems appear lesss active in human than in rats (31).

2.4 ELIMINATION : Studies, parricularly animal studies, on the absorption,

distribution, biotransformation, and elimination of acrylonitrile have shown that a small

fraction of the acrylonitrile absorbed is rapidly eliminated in the urine without

biotransformation, while the remainder is biotransformed via several pathways, a number

of metabolites being excreted in urine ; some of this metabolites are unique to

acrylonitrile(2, 12, 1 8).

9
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The two major urinary metabolites were identified as thiocyanate and N-acetyl-

S-(2-cyanoetyl) cysteine (26).

Dose-dependent urinary excretion of acrylonitrile metabolites was studied by

Kedderis et al. in 1993 (32). They found that urine was the major route of excretion of

acrylonitrile metabolites (77-104 % ofthe dose), with less than I o/o of the dose excreted

in the feces. The results also demonstrate that GSH conjugation is the major disposition

pathway of acrylonitriie and the ratio of acrylonitrile epoxidation to glutathione

conjugation was 0.5 in rats and 0.67 in mice. This species difference in acrylonitrile

oxidation could have important toxicological implications (26).

In Wistar rats the elimination of the sum of radioactive metabolites of

acrylonitrile-l4C was not markedly hfluenced by the route of acrylonitrile administration.

The elimination of thiocyanate, however, was significantly higher after oral (23%o of the

dose) than after intraperitoneal (4%), subcuraneous (4.6%) or intravenous (1.20%)

administrations. The elimination ofthe sum of radioactive metabolites was highest in the

first 4 hours after acrylonitrile administration and rapidly decreased, whereas the

excretion of thiocyanate reached maximum between hour 8 and 14 after oral or

intraperitoneal administration (33).

In the rabbit, acrylonitrile has been detected in urine 72 hours and in expired air

for t hour after dosing, strongly suggesting that it storage in adipose tissue (34).
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3. ACRYLONITRILE TOXICITY :

3.1 Animal toxicity:

There seems to be little consistancy in the effect of route or vehicle of

administration or of sex on the lethal dose. From the toxicity studies, the mean lethal

doses ( LDso ) of acrylonitrile in rat (male) are as follows :

The acute LC59 (ethal concentration in air for 4-hour inhalation) for male,

Wistar rat is 470 mg/ml 1+;.

Acrylonitrile induces a variety of toxic effects. Effects due to over exposure are

non specific and mainly relate to the gastrointestinal tract, respiratory tract, the central

nervous system, and the kidney (1,2,4,5,15).

Previous studies identified the acute adrenocorticolytic action of acrylonitrile (35)

as well as a chronic adrenal atrophy and insufficiency caused by acrylonitrile (36). Liver

damage has also been reported (37).

Death following conwlsions occured between 4 and 6 hours after administration

of high dose of acrylonitrile to both female rats (100 or 150 mk/kg BW) and male rats

(1s0 mg/kg Bw) (3s)

The causes of death seem to be related to acute adrenocortical insufficiency,

toxicity to the central nervous system (e.g.excitation and convulsion followed by

paralysis which probably involves the respiratory center as well), and congestive lung

Route

(administration)

Oral

Subcutaneous

LDso

(mglkg Bw)

78

80

96

100

Vehicle Reference

Physiol. saline (6)

(4)

(r08)

(4)

water

Intraperitoneal
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edema (29)

Acrylonitrile is readily absorbed through the skin and application of 0.8 to 1.6

g/kg to the shaved rabbit skin gave severe irritation and immediate signs of systemic

toxicity, with one of six animal dying, but the others making a complete recovery (39).

It was found that the toxicity of acrylonitrile was due not only to the hydrogen

cyanide liberated from it but also to acrylonitrile itself (1,40). There is evidence to

suggest that there is a slow release of cyanide. A small amount of hydrogen cyanide

liberate in blood of animals (rabbits, guinea pig and rats) after a single injection of

acrylonitrile. This deduction is supported by the claimed therapeutic effect of sulftrydryl

compounds which react readily with acrylonitrile and cause neither acute or delay

symptoms when injected into animals (40).

In experimental animals, there is considerable species variation in susceptibility to

acrylonitrile intoxiction. Dogs appear to be the most sensitive species tested and the

sensitivity decreased in the following order : mice, rabbits, cats, rats, guinea pig

( r,2,l0).

The pathological changes in subchronic exposure of rats to acrylonitrile belived

to be included hyperplasia and hyperkeratosis of the squamous epithelium of the non

glandular portion of stomach, proliferation of grain cells in brain, and mammary gland

hyperplasia in females (l).

The hemorrhagic gastritis was found in rats necropsied 24 hours after oral

administration of 150 mglkg acrylonitrile(22). Ghanayem and Ahmed in 1983 (1 t) had

reported that after oral or subcutaneous adminnistration of a single airylonitrile 50

mglkg in rats, the metabolic activation of the acrylonitrile molecule to the epoxide

intermediate (2- cyanoethylene oxide) , in a reaction catalyzed, by the cyochrome p456

enzlmes, is strongly suspected to be the cause of the acrylonitrile-induced

gastrointestinal hemorrhage.
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The effect of inhalation exposure to acrylonitrile on blood glucose, total-SH

(T-SH) and non protein-SH (NP-SH) in tissue were investigated using male Wistar rats.

T-SH levels in liver significantly decreased after the 6 hour inhalation of acrylonitrile.

The most pronounced NP-SH depletion was detected in the liver, less in blood and

moderate in brain and lung. Significantly increased blood glucose levels were found

following the inhalation of acrylonitrile 2.83,5.65,11.3 and 17 rnlWm3(41).

The acute experiments in rats shown a rapid time and dose dependent decrease

in reduced glutathione (GSH) in the liver, lung, kidney and adrenal gland. The

diminution of GSH concentration seemed to correlate with the occurrence of mortality in

an acute experiment(29).

Acrylonitrile has an interesting toxicological profile. When it is given by

difference routes of administratior\ it causes tumors at the site of first contact. Thus, by

inhalation it causes respiratory and brain tumors, by gavage it causes gastric and brain

tumors (42).

Acrylonitrile was tested for carcinogenicity in rats by oral administration and by

inhalation. Following its oral administration, it induced neoplasm of the brain, squamous

cell papillomas of the stomach, tumor ol tonge, small intestine and mammary gland.

Following its inhalation, neoplasms of the central nervous system, mammary gland,

forestomach were observed (43). The oral route of administration was chosen because

trace amounts of unreacted acrylonitrile monomer may migrate into food that pakaged in

container made of acrylonitrile copolymers. The inhalation route was selected because it

is a likely route ol exposure in the workplaces (44).

Acrylonitrile is also embryotoxic (3) and mutagenic (3,34,45,46,47).
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3.2 Human toicity.

Acrylonitrile can enter the body by inhalation, ingestion, or through the skin (48).

lnhaled acrylonitrile vapour is readily absorbed. Acute systemic effects following

absorption of vapour have been described. Symptoms were non-specific and referable

to the gastrointestinal tract, respiratory tract, liver, kidney, the central nervous system

(1,12,48,49). If exposure continues, nausea, vomiting, weakness and occasionally

headache and diarrhea are other complaints (50). The tkeshold limit value of

acrylonitrile is 4.5 mglm3 for human (1).

Liquid acrylonitrile may cause irritatioq erythem4 and severe burn (1,12). In

serious cases it may cause unconcious and death (48).

Several causes of mild jaundice accompanied by mild anemia and leucocytosis

have been reported. Acrylonitrile closely resembles hydrocyanic acid in its toxic action,

by inhibiting the respiratory enzymes of tissue, it renders the tissue cells incapable of

orygen absorption. There is little evidence of cumulative action on repeated exposure

(s0)

Several cases of acrylonitrile intoxication resulting from exposure to fumes in

factories of synthetic rubber and polymerization have been reported (8). The highest

exposure occur in the workplace (acrylonitrile - producing and - polymerizing plants).

In the manufacture of synthetic rubber, acrylonitrile presents definite hazards of

vapor toxicity and of toxic absorption. However, there were no fatal causes occured

(10)

Muto et al. in i992(51) studied the health effects of acrylonitrile in seven

Japanese acrylic fiber manufacturing factories. The results of this study provided a no-

observe effect level for worker who had been exposed to acrylonitrile for 17 years on the

average.

There are many studies which do not support the hypothesis that acrylonitrile is a

human carcinogen(52). However, the concern from lowlevel exposure to acrylonitrile is
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p.imary due to its potential for carcinogenicity (12). Several epidemiology studies

provided suggestive evidence for an association of lung cancer in worker exposed to

acrylonitrile. It has been speculated that acrylonitrile is metabolized to 2-cyanoethylene

oxide, which is proximate carcinogen (12).

Acrylonitrile has been found to be mutagenic and also binds with DNA (17).

Study in the Ames Salmonella typhimurium I liver microsome shown that acrylonitrile is

mutagenic in the tester strains that are sensitive to base substitution and frameshift

mutation (34).
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4. TOXIC EFFECT ON NERVOUS SYSTEM

Kaneko and Ome in 1992 (49) has designed the cross-sectional study to clari$

the relationship between long-term exposure to acrylonitrile and its effects on subjective

symptom in 7 acrylic fiber manufacturing factories. They found that long-term exposure

to acrylonitrile up to an average level of 14.4 ppm, did not induce neurotoxic effects.

The symptoms of irritation to the respiratory tract and mucous membranes, heavy

sweating even in winter were complained significantly more often in acrylonitrile

workers.

Ageeva(7) reported a significant decrease of epinephrineJike substance in blood

and an increase of acetylcholine in worker producing acrylonitrile, and suggested that

increase sweating in worker exposed to acrylonitrile was a symptom related to the effect

of acrylonitrile on the autonomic nervous system. Krysiak and Knobloch in 1971(6)

found that rats receiving acrylonitrile 20 mlkg body weight intraperitoneally, daily for 6

weeks or subcutaneously 40 .g/kg body weight daily for 4 weeks, exhibited a significant

lengthening of time to correctly perform condition food reflex test, and a significant

decrese in a number of correction reactions compared with pretreatment observations or

controls. Performance improved when the treatment was discontinued .

Acrylonitrile is a highly toxic chemical affecting the central nervous system

(l,2,3,4,29,40). The signs of neuron lesions in the central nervous system were observed

in rats and rabbits breathing acrylonitrile 50 mglm3 air for 6 months (5). Daily

intraperitoneal administration of acrylonitrile to rats at the dose of 50 mg,&g body

weight for 3 weeks caused a vacuolization of neuronal cells ofthe cortex and brain stem

(4)

The toxic action is not mediated in the same fashion as HCN. Although

acrylonitrile is a very reactive chemical, its toxicity might be partially due to the

liberation of cyanide radical,since the amount of release cyanide is not enough to cause

cyanide poisoning (53).
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Walum and Peterson in 1984 (54) reported that no information exist about

biotransformation ol acrylonitrile in neurons .

Recently, Cova et al. in 1992 (55) studied the toxicity of acrylonitrile in a human

neuroblastoma ce[[ line and its effect on glutathione and glutathione-s+ransferase (GST).

They found that the exposure of the cells to several concentrations of acrylonitrile did

not produce any significant change in this enzymatic activity with respect to control

activity and lack of stoichiometry between cyanide release and the concentration of

acrylonitrile. They suggested that, these finding might be due to one or several enzymes

deficiency such as GST in the human neuroblastoma cell cultures.

The mechanism of acrylonitrile toxicity has been studied by Abreu and Ahmed in

1979 (123). Two phases of acute toxicity were observed in lasted rats given an oral

LD59 of acrylonitrile (90 mg/kg). The first phase was cholinomimetic in nature and the

second phase appeared to be central nervous system (CNS) dysfunction. From this

finding, they suggest that the cholinomimetic phase of acrylonitrile toxicity could be

mediated by the entired molecule while the CNS phase was a function of cyanide

liberation.

Acrylonitrile is metabolized to cyanide in rats and mice- The study of Ahmed

and Patal in 1981 (27) showed that the signs of acrylonitrile toxicity observed in rats

and mice were different. ln rats, early signs of toxicity were cholinomimetic (salivation,

diarrhea, lacrimation, peripheral vasodilatatioq excessive gastric secretion). In mice,

the signs of acrylonitrile toxicity were related to central nervous system effects

(depression, conwlsion, asphyxia) which are the characteristics of cyanide toxicity. The

cholinomimetic signs observed following acrylonitrile exposure suggested that

acrylonitrile or one of its metabolites, other than cyanide, might alter the autonomic

balance in rats. They also suggested that mice metabolized acrylonitrile faster or

detoxified cynanide more slowly than rats, so that in rat, acrylonitrile metabolism to

cyanide might play a minor role in acrylonitrile toxicity whereas in the mouse, cyanide
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liberation appeared to be the major mechanism for the acrylonitrile effect.

Recently, Ghanayem et al. in 1991 (56) reported that the cholinomimetic toxicity

induced by acrylonitrle was dose related regardless ofthe route of administration. They

also reported that, atropine could protect against acrylonitrile-induced cholinomimetic

neurotoxicity in rats which suggested the possible involvement of cholinergic system in

acute acrylonitrile-induced neurotoxicity.

Satayavivad et al. in1991 (57) found that the industrial chemical,acrylonitrile,

exhibited strong influence on cholinergic responses and apparenently this effect is not

related to the acetylcholinesterase activity.

The effects of varying doses and duration of pretreated schedule of acrylonitrile

on rat tracheal and cardiac muscarinic receptors in vitro were also studied by

Satayavivad et al. in 1991 (58). The results from this study indicated that high dose of

acute exposure to acrylonitrile (25, 50 and 100 mg/kg body weight, subcutaneously) had

no effect on the tracheal and cardiac muscarinic responses to acetylcholine. However,

low doses and chronic exposure of acrylonitrile (subcutaneous administration of 0.05 and

5 mg&g body weight, once daily for 2, 4,6 and 9 weeks) induced the alterations of

tracheal and cardiac muscarinic response to acetylcholine, both increased and decreased

responses were observed depending on the time of exposure.
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5. PULMONARY TOXICITY r

Acrylonitrile is readily absorbed from the respiratory tract and exposure to low

concentrations causes flushing of face and salivation, further exposure results in irritation

of eyes and nose, deepened respiration and oppressive feeling of the chest (50).

Respiratory distress, lethargy, conulsions and coma occur with lethal or near lethal

exposures (7500 mg/m3, inhalation)(2).

It was stressed by Paulet et al. (59) that, after a lethal intravenous dose of

acrylonitrile (120 mgkg body weight), the respiratory rate in rabbits did not increase as

observed in cyanide poisoning. However, respiratory disturbance was observed in

anesthetized dogs given 100 mglkg body weight intravenously(60). Pulmonary edema

was also detected.

In the study of Dudley et al.(61), it was found that lungs were affected by

subacute bronchopneumonia, congestion and edema of alveolar walls, extravasation of

erltkocltes and serum into the alveoli, focal collection of lymphocytes and

polymorphonuclear leukocytes, in most guinea pigs, rabbits, the monkey, and 1 out of3

rats .

Symptoms of irritation to the respiratory tract and mucous membranes such as

chocking lump in the tkoat, stuff nose, runny nose and coughing were complained of

signiicantly more often in acrylonitrile workers(5.6-8.6 years exposure) (8). Except for

chocking lump in the thoat, these symptoms had no consistent relationship to either the

lengh of exposure to acrylonitrile or the mean acrylonitrile levels in workplaces. Thus,

these effects may be regarded as temporary, reversible irritative symptoms (49).

Acrylonitrile induced lung toxicity was studied following a single oral dose

(a6 smg/kg) in Male-Sprague-Dawley rats. The mechanism of toxic injury was

investigated by assessing the covalent interaction of [2,3-l4C]acrylonitrile with

pulmonary DNA. Histologic examination revealed that lungs of acrylonitrile treated

animals showed moderate to marked hyperplasia ofthe clara cells lining the bronchioles.
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The cyoplasm of the clara cells appeared dense and eosinophilic, the nuclei were

hyperchromatic. Focal perivascular edema was present in some lungs ,however, there

was no evidence of vasculitis or pulmonary inflammation. IlaC] Lung tissue uptake was

extremely fast, having a maximum at 0.5 hours after treatment (150 DPIv{/mg tissue).

The total radioactivity in lung tissues declined gradully as a function of time, but was still

detected at 72 hours after treatment (59 DPM /mg tissue). This study also provided

evidence for the acute genetic toxicity of acrylonitrile (and/or its metabolites) in lungs

tissue following a single oral dose of acrylonitrile ( l7).

Gut et al.(62) studied the effect of inhalation exposure to acrylonitrile 280mglm3,

8 hours a day for 5 days in male, Wistar rats. A microscopic examination of the lungs,

liver, kidneys and adrenals did not show structural changes;the number and enzymes

activities of alveolar macrophages were also unaffected .
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2.CⅡOLINERGIC CONTROL OF RESPIRATORY FUNCTION

2.1 INTRODUCTION

2.1.1 SRUCTURE OF THE RESPIRATORY SYSTEM :

The respiratory system is divided into three major divisions (63,64).

2.1.1.1 Nasopharyngeal region

This region extends from the anterior nares to the level of the larynx. It is

lined with a mucous membranes composed primarily of ciliated columnar epithelial cells

that are interpersed with mucous- secreting cells and glands. The primary function in this

region is to filter large airborne particles out of the inspired air (all particles larger than

10 pm in diameter are affected), moistened, humidified and warmed in coming air.

2.1.1.2 Tracheobronchial region

This region encompasses of the trachea, bronchi and bronchioles which serve as

major conduction airways between nosopharynx and the peripheral lung bronchioles,and

regulate the regional and generalized distribution of air in the lung. Moving distally

along the tracheobronchial region, the frequency of cartilagenous ring decrease.

Bronchi, therefore contain only a few terminal plates of cartilage, while bronchioles

contain none. As cartilage decreases, there is an inversely proportional increase in

smooth muscle. The presence of smooth muscle is the most important determinant

factor of airway diameter. Respiratory smooth muscle tone is under autonomic control,

principally parasympathetic nervous system.

2.1.1.3 Pulmonary region

The pulmonary region is the area of the lung where gas exchange takes

place. It includes the respiratory bronchioles, alveolar ducts, alveolar sacs, alveoli and

their associated capillaries,lymphatic tissues and supportive tissues. Alveoli are thin-

walled polyhedral-shaped pouches which one side open to respiratory bronchiole,

alveolar duct or alveolar sac. Gas exchange, the primary function of the pulmonary
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system, occurs between the lumen of this thin-walled alveoli and a dense pulmonary

capillary network that cover about 85 to 95 percent of the alveolar surface.

2.1.2 MECHANIC OF RESPIRATION:

The lung and the chest wall are elastic structures (65). Inspiration is an active

process. During inspiration the volume ofthoracic cavity increases and air is drawn into

the lung, the increase is brought about partly by the action of the external intercostal

muscles which raise the ribs, thus increasing the cross-sectional area of the thorax (66).

At the end of inspiration, the lung recoil pull the chest back to the expiratory position,

where the recoil pressure of the lungs and chest wa.ll balance. Expiration during quiet

breathing is passive in the sense that no muscles with decerased intrathoracic volume

contract (65).

The most important muscle of inspiration is the diaplragm, it is supplied by the

phrenic nerves from cervical segments 3, 4, and 5. When it contracts,the abdominal

contents are force downward and forward and the vertical dimension ofthe chest cavity

is increased. The external intercostal muscles connect adjacent ribs and slope downward

and forward. When they contract, the ribs are pull upward and forward causing an

increase in diameter ofthorax. The internal intercostal muscles assist active expiration by

pulling the ribs downward and inward. The intercostal muscles are supplied by

intercostal nerves which come off the spinal cord at the same level (67). Thus,

transection of the spinal cord at or below the lower cervical region does not affect

respiration because the phrenic nerves are spared and the diaphragm can sustain normal

respiration on its own (68).

Zhang and Hui in 1992 (69) have studied the phrenic nerve firing activity, they

suggested that the phrenic nucleus could be excited by intrathecal injection of

acetylcholine and its excitatory effect was mediated by muscarinic receptors. It was

assumed that the cholinergic system does not showed any tonic excitation action on the

phrenic nucleus under normal physiological conditions.
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The mechanical behavior of the lung is affected by airway caliber, elastic

properties of lung tissue, and the surfactant properties of the alveoli as well as the

mechanical properties of the chest wall (6a). Ohrui et al. in 1992 (70) suggested that in

chronic ostructive airway disease the decrease in maximum expiratory flow was more

often caused by the combination of airway narrowing, loss of elastic recoil and alter

airway collapsibility.

The significant changes in lung volumes or in the dynamic flow ofgas in the lung

are used to interpret functional changes in pulmonary system and detect the presence of

pulmonary disease (64).

2 1 3 CONTROL OF \ENTILATION

The remarkable regulation of gas exchange is possible because the level of

ventilation is also carefully cbntrolled.

The three basic elements ofthe respiratory control system are (71) :

1. Sensors (chemoreceptors, lung and other receptors) which gather information

and feed it to the central nervous system.

2. Central controllers (pons, medulla, other part of brain) in the brain which

coordinates the information and, in turn, send impulses to the effectors.

3. Effectors(respiratory muscles)which cause ventilation.

SENSORS:

Central chemoreceptors : This central chemoreceptors are located on ventral

surface ofthe medulla and separated from blood by the blood-brain barrier (68). This

area is highly sensitive to change in either blood co2 or hydrogen ion concentration. It

has especially potent effect on increasing the degree of activity of inspiratory center,

increasing both the rate ofthe inspiratory signal and also the intensity ofthe signal (72).

When the blood CO2 rises, CO2 diffirses into the CSF from cerebral blood

vessels, liberate hydrogen ions which stimulate chemoreceptors. The resulting

hyperventilation reduces the Pco2 in blood and therefore in the CSF (71).
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Peripheral chemoreceptors : These are located in the carotid bodies at the

bifurication of the common carotrd arteries, and the aortic bodies above and below the

aortic arch (71). The peripheral chemoreceptors response to decrease arterial PO2 or

hypoxia and thereby stimulate the firing of impulses of peripheral chemoreceptors and

produced hyperventilation (68). The increase in either pH or aterial PO2 also excites

these chemoreceptors, however, the direct effects of both factors on the respiratory

center itself are much more powerful than their effects mediated through these

chemoreceptors (72).

The sensitivity of this system to low aterial PO2 is less than the sensitivity of

central chemoreceptors to hypercapnia (68). Low blood PO2 norrnally will not increase

alveolar ventilation significantly until the alveolar Po2 fall almost to one-half of the

normal value (72).

CENTRAL CONTROLLERS: The normal automatic process of breathing

originated in impulses that come from the brain stem. The motor outflows from this

system to the respiratory motor neurons are located in the lateral and ventral portion of

spinal cord. The cortex can overide these centers if voluntary control is desired, this

system sends impulses to the respiratory motor neurons via the corticospinal tracts (65)

ln brain stem, there are at least three major parts of the respiratory center :

a. A medullary center : It is capable of initiating and maintaining the rhythmic

sequence of inspiration and expiration (68). The cells of the inspiratory area in the

medullary center have the property of intrinsic periodic firing, and they are responsible

for the basic rhythm of ventilation. These inspiratory cells generate reperitive bursts of

action potentials that result in nervous impulses going to the diaphragm and the other

inspiratory muscles. The output of inspiratory cells is further modulated by impulses

from the vagus and grossopharyngeal nerves (71).
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The expiratory area remains dormant during mdst normal quiet respiration,

because quiet respiration is acheived by the contraction of the inspiratory muscles only

while expiration results from passive recoil of the elastic structures of the lung and

surrounding chest cage. On the other hand, when the respiratory drive for increased

pulmonary ventilation become greater than normal, signals then spill over into the

expiratory area as the consequence the expiratory muscles then contribute their powerfi.rl

coniractile to the pulmonary ventilatory process (72).

When pontine tissue is separated from the medull4 respiration continued whether

or not the vagi are intact. This respiration is somewhat inegular and gasping, but it is

rhythmic.Its occurrence demonstrated that the respiratory center neurons are capable of

spontaneous rhythmic discharge (65).

b. An aoneustic center in the lower pons. This center provides the inspiratory

drive and these neurons are intermittently inhibited by impulses in afferents from the

pneumotaxic center and vagal afferents. There are stretch receptors in the lung

parenchyma that relay to the medulla via afferents in the vagi, and rapid inflation of the

lung inspiratory discharge (Hering-Breuer reflex) thus, stretching of the lung during

inspiration reflexly inhibits inspiratory drive. This is why the. depth of inspiration is

increased after vagotomy in otherwise intact experimental animals (65).

c. A pneumotaxic center in the upper third of the pons. This area appears to

switch offor inhibit inspiration and thus regulate inspiratory volume and respiratory

rate (71). St. John in 1977 (73) reported that the pontile pneumotaxic cenrer exerts a

function in regulating both hypercapnia and hypoxia induced frequency responses.

EFFECTORS : This basic element represents respiratory muscles include the

diaphragm, intercostal muscles, and accessory muscles such as the sternomastoids. It is

crucially imponant that these various muscle groups work in a coordinated manner and

this is the responsibility olthe central controllers (71).
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2.2 CHOLINERGIC CONTROL OF RESPIRATORY FUNCTION

The parasympathetic nervous system is the dominant neural bronchoconstrictor

mechanism in all animals including humans and plays an important role in the regulation

of airway tone (74,75,76).

Mammalian airways receive a rich cholinergic innervation(77). Cholinergic

efferent nerves arise in the vagal nuclei of the brainstem and pass down the vagus nerve

to synapse in ganglia that situated in the airway wall. From this ganglia, relatively short

postganglionic fibers pass to target cells, such as airway smooth muscle and submucosal

gland (63,74,76,78).

Stimulation of the vagus nerve causes constriction of the airway, increases

glandular or globlercell secretion (77). The location of the airway constriction

corresponds to the distribution of cholinergic fibers. Tracheal and bronchial smooth

muscle are most affected, whereas alveolar ducts and terminal bronchioles are unaffected

(63)

In comparison to the parasympathetic nervous system, the sympathetic nerve

supply to the airu,ay appears to be a minor importance (63,79). Activation of the

sympathetic innervation to the lung smooth muscle results in airway dilation through the

release of norepinephrine. The effects of this innervation are to produce bronchodilation

and diminish mucous production (79).

Another aspect of parasympathetic function is its role in the modulation of the

breathing patterns. In animals, blocking vagal transmission produces a slow, deep

pattern of breathing, whereas stimulation of afferent vagal pathways causes rapid shallow

ventilation(80,81,82,83). In addition, parasympathetic effects on breathing pattern may

have clinical implication in patients with sleep apnea since drugs with anticholinergic

properties improve sleep disordered breathing (8a).

In a-qtna! studies,it has been suggested that inflammatory mediators and
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particularly prostaglandins, may enhance cholinergic responsiveness of airway smooth

muscle(97). In vivo prostaglandin D2 enchanced the bronchoconstriction effect of

cholinergic agonists in asthmatic patients (85).

Efferent cholinergic stimulation causes release of acetylcholine from the glandular

vesicles in cholinergic nerve terminals, which rapidly diffirses relatively short distance to

cholinergic receptor on the target cells. Acetylcholine is rapidly broken down by the

acetylcholinesterase enzy'me which is concentrated in synaptic cleft (78).

The onset of bronchoconstriction is rapid and readily reversible, suggesting

contraction of airway smooth muscle rather than bronchial wall edema or luminal

obstruction with mucous. Rapid freezing of the airways in cats after vagal stimulation

has confirmed that muscle contraction is responsible for the airway narrowing (76).

Two distinct types of cholinergic receptors are muscarinic and nicotinic receptors

(86) Nicotinic cholinergic receptors are located on autonomic ganglion cells and the

membranes of skeletal muscle at the neuromuscular junction (87). The activation of

nicotinic receptor always causes a rapid increase in cellular permeability to Na+ and K+,

depolarization and excitation (86). By contrast, muscarinic receptors are glycoproteins

with molecular weights of approximately 80,000 ,whose functions are mediated by

interaction with G proteins (86).

The bronchoconstrictor response is potentiated by cholinesterase inhibitor (which

prevents the degradation of acetylcholine) and blocked by muscarinic receptor agonist,

atropine (78).

Activation of muscarinic receptors in airway smooth muscle causes contraction

by stimulating the breakdown of certain membrane phospholipids (phosphoinositides),

which results in the release of calcium ions from intracellular stores, leading to

contractioo (88). Autoradiographic mapping studies have shown that muscarinic

receptors are localized in airway smooth muscle, particularly in large airways and to

submucosal glands (76,89).
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Muscarinic receptors subtypes in the airways appear to subserve different

physiological functions. By current convention, receptors that have been defined

pharmacologically are designated as M1, M2 and M3 while those that have been revealed

by molecular cloning are terrned ID1, rn2, rn3, In4 and m5 (90).

Fortunately ml,m2 and m3 appear to corresponse to Ml, M2 and M3,

respectively. There is less information about the nature and cellular location of m4 and

m5 recepiors (86).

M1 receptors, which are pirenzepine sensitive (76,78,86,89)are found in cerebral

cortex (89), parasympathetic ganglion (76,78,86,89,91). Recent evidence suggests that

Ml receptors also present in alveolar walls (91) Ml receptors facilitate

neurotransmission through ganglion and enhance cholinergic reflexes. M2 receptors act

as autoreceptors on post-ganglionic cholinergic nerve and inhibit acetylcholine release

(91) These receptors are sensitive to gallamine, AF-DX I l6 and methoctramine (76,89).

M2 receptors are found predominately in the myocardium and also appear to be found in

smooth muscle (86). Prejunctional M2 receptors have been demonstrated in human

bronchi in vitro , which have a potent inhibitory effect on cholinergic neurotransmission

(92). M3 receptors mediate contractile responses in airway smooth muscle via

phosphoinositide hydrolysis, and are predominant receptors on submucosal glands and

airway vascular endothelium (91). All these subtypes are also found in CNS (86).
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2.3 ACUTE AND CHRONIC EFFECTS OF ACETYLCHOLINESTERASE

INHIBITORS ON REGULATION OF MUSCARINIC CHOLINERGIC

RECEPTORS.

The effects of acute intoxication by anticholinesterase (antiChE) agents are

manifested by muscarinic and nicotinic signs and symptoms (93). Organophosphate

(OP) anticholinesterases are toxic primarily because of their ability to irreversibly

phosphorylate and inactivate acetylcholinesterase, which results in accumulation of

acetylcholine in cholinergic synaptic clefts. This prolonged activation of nicotinic, and

muscarinic' receptors, resulting in the initial potentiation, followed by receptor

desensitized (94).

It is well established that repeated exposure of laboratory rats or mice to

sublethal dose of organophosphates results in tolerance to many of their parasympathetic

effects(95,96).

The regulation by synaptic activity of the macromolecules which are important

for neural transmission represents a mechanism for the modulation of the activity and

function of nerve cells. For example, prolonged exposure of receptors to a

neurotransmitter can lead to a decrease in a number of recepiors remaining on the cell

surface and thus decrease the sensitivity of the cell to further stimulation. Such agonist-

induced decreases (down-regulation)in receptor number (97). Muscarinic acetylcholine

receptor (mAChR) number in vivo can be altered by a variety of pharmacological

treatments. Chronic administration of acetylcholinesterase inhibitor leads to decrease in a

numbers of mAchR present in brain, persumably because the anticholinesterase increases

the concentration of endogenous ACh available for receptor binding (9S).

Administration of paraoxon(organophosphorous compound) causes symptoms of

exessive cholinergic stimulation which diminish with chronic administration. Binding

assays were perfiormed on tissue homogenates from rats chronically treated with
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paraoxon for 7 days. The reduction of muscarinic receplers rvas detected and the

decrease in agonist binding was greater than the decrease in antagonist binding,

demonstrating the mechanism of tolerance development through muscarinic receptor

modulation(99).

Conversely, prolonged treatment with specific muscarinic acetylcholine receptor

antagonist resulted in an increase in muscarinic acetylcholine receptors (up regulation)

( r 00).

The kinetic of receptors loss suggested that it is due to an increase in the rate of

rec€ptor break down or due to the inhibition of protein synthesis(60). Jen et a[. in 1983

reported that,there is the reduction in M3 subtype ol mACh& without the changing of its

affinity, this finding is consistent with the reduced mRNA expression of the M3 subtype

observed in i4 days parathion-exposed mice. They suggested that, this down regulation

resulted from the reduction of receptor synthesis during transcription, rather than

increase degradation and there is a significant though incomplete recovery in

acetylcholinesterase and muscarinic receptors occurs in 7 days following the termination

of exposure (94).

The study of Balduini et al. in 1993 (i01) found that after ckonic treatment with

sublethal dose of organophosphate pesticide, diisopropylfluorophosphate (DFP) caused a

marked inhibition of acetylcholinesterase activity and a significant down regulation of

muscarinic receptor number either after administration during post-natal or in adult rats.

In adult animals muscarinic receptor down regulation and reduction of receptor

stimulated phosphoinositide hydrolysis may represent a functional adaptation to

hyperstimulatory conditions induced by acetylcholinesterase inhibition and may play an

important role in the development oftolerance to organophosphate toxicity (102).

Chronic inhibition of acetylcholinesterase in developing rats also resulted in

significant alteration in muscarinic neurotransmission which may delay the maturation of

cholinergic system and therefore may account for some of long lasting neurotoic effects
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(101).

Changes in affrnity states during down regulation of muscarinic receptors in

tracheal smooth muscle of acetylcholinesterase inhibitor - treated swine were studied by

Yang et al.in 1988 (103). They found that subchronic administration ofDFP caused not

only a decrease in the number of receptors but also change to the low aftinity of the

receptors for agonist which was related to the interaction of the guanine nucleotide

binding protein and muscarinic receptor.

Direct administration of muscarinic agonist in in vivo led to a decrease in

receptor number and physiological responsiveness in the heart in a dose and time

dependent maner( I 04).

Conversely, after administration of muscarinic antagonist, the increase in the level

of muscarinic receptors were found in both various development stages and at maturity

(los).

The regulation of individual muscarinic receptor suptypes in rats cerebral

cortex/dorsal hippocampus was examined following l4 days administration of the non

selective antagonist, atropine by Wall et al. in 1992 (106). They found the increase in

total muscarinic receptor density (24%), and reported that receptors linked preferentially

to PI turnover (m1 and m3) are up regulated to a greater extent than receptors linked to

adenylyl cyclase inhibition (m2 and ma).

Receptor number gradually returned to control values i[ the further receptor-

agonist interactions were blocked by the administration ofa muscarinic antagonist. This

recovery of receptor was also blocked by administration of the protein synthesis

inhibitor. The recovery of receptor number was dependent on new protein synthesis

this finding suggested that the reappeared receptors were newly synthesized (107).

In neuroblastoma cells (109), heart cells (110), and smooth muscles (l I l) after

continuing presence of muscarinic agonist for several hours, the decrease in muscarinic

acetylcholine receptors and the decrease in maximum contractile response to
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acetylcholine were observed.

Considerable evidences have been accumulated from these investigations, which

indicated that a reduction in the sensitivity of muscarinic receptors may be the major

mechanism of tolerance development to reduced acetylcholinesterase activity. While

Weckerl et al.in 1977 (112) provided information wh.ich suggested that changed in the

presynaptic mobilization and storage of acetylcholine may be an alternative mechanism

for the development oftolerance to chronically reduced acetylcholinesterase activity.

Siman and Klein in 1981(113) reported that loss of muscarinic receptors caused

by long-term receptor stimulation was not a consequence of fundamental changes

evoked in overall cellular physiology but reflects a specific regulation of cholinoceptive

cell responsiveness.

The decline in muscarinic receptor sites caused by ckonic treatment with

cholinomimetics was accompanied by a decrease in physiological sensitivity to

cholinergic stimulation such as a decrease in magnitude of receptor-mediated increase in

phosphatidylinositol (PI) turnover(l13) and a decrease in receptor-mediated inhibition of

adenylate cyclase (1 l4).

From this literature review, it could be noticed clearly that several studies have

been performed in order to elucidate the mechanism of tolerance or desensitization

following ckonic or continue exposure to acetylcholine. A lot of information have been

obtained, however, the precise mechanism(s) are still unknown.
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MATERJALS AND METEODS

1. AIIIIMALS :

The animals used in this study were male, Wistar rats, 4 weeks old, obtained

from the National Laboratory Animal Center, Mahidol lhiversity, Salaya, Nakorn

Pathonr, Thailand. Before these animals were used in this study, they were acclimatized

in animal housing for 1 week. Animals were selected at random and four of them were

kept per one hanging cage in a temperature controlled room (22 + 2oC) under a

12 hours : 12 hours light : dark cycle with light on at 7:00 a.m. They were fed with

standard rat chaw obtained commercially and tap water was given ad libinrm except

during the testing periods.

One day before the experiment, rats were weighed and randonrly divided into 3

groups (7-10 rats per group) as one control and two treated groups. Different groups of

rats were housed together (4 rats per cage).

2. DRUGS ANDCHFMICALS:

Acrylonitrile (MW 56.03)was purchased from Merck. It was dissolved in 0.9%o

normal saline before giving to the test animals by the subcutaneous injection at the dose

of 1 and 25 mgkg body weight. Control rats were subcutaneously injected with

comparable volume of 0.9% normal saline. Acrylonitrile was fresirly prepared every

week during the treatment schedule.

Pentobarbital sodium was purchased from Abbott Laboratory, while atropine

sulfate and physostigmine were perchased from Sigma Chemical Company. All drugs

were dissolved in 0.97o normal saline before the drug administration.

26′ 53 1111し |い しユCopyright by Mahidol University



34

3. EXPERIMENTAL PROTOCOLS :

3.I TI{E ACRYLOMTRILE TREATMENT SCHEDULE :

Acrylonitrile- treated group

(5 days/week,

for 8 week) 1 8(weeks)

Rats were treated subcutaneously with acrylonitrile I and 25 mglkg body

weight/day, 5 days/wee( for 8 weeks. Control groups were received normal saline in

comparable amounts.

All animaltreatments were perfomed between 8.30 a.m. and 10:00 a.m.

Body weight of rats were recorded at day 5 of each week.

The rats at the 8 th week were divided into three groups as follows : the first

group used for measuring the respiratory function at day 5 of the 8 th week of

acrylonitrile treatment without any drug challenges. The second and the third group

used for measuring the respiratory function at day 5 of the 8 th week of acrylonitrile

treatment after challenged with the intramuscular administration of atropine sulfate

10 mgikg and physostigmine 0.5 mglkg, respectively.

3.2 RESPIRATORY FI.INCTION STUDIES :

The rats at day 5 of

1st,2nd,4th,6th,gth,9th*s.L pentobarbitalsodium Measurement of

1 

zo-:omelksBW,Ip.

トー5■ O min―一斗―-lo血・―」
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Respiratory function studies were performed at day 5 of the lst, 2nd, 4th, 6th

and 8th week of the treatment and at the 9th week (one week after the termination of

acrylonitrile treatment).

The respiratory functions studies were done betweenl0:30a.m.and 4:00 p.m.

Tkee groups of rats (one control and two acrylonitrile treated-rats) were

studied in parallel.

After the treatment with normal saline in control group and acrylonitrile 1 and

25 mgkg body weight in treated $oups at day 5 of the week as described earlier, each

rat was slightly anesthetized by intraperitoneal injection of pentobarbital sodium 20- 30

mglkg body weight to let the animal calm down before starting the experiment.

The rat was gently put into the double chamber of the Noninvasive Respiratory

Analyzer (Buxco Electronics, Inc). The rat's head was inserted tkough the hole which

has the latex ring sealed around the neck ofthe rat to avoid air leakage. Place rat on

the thoracic portion of the box. The test animal was allowed to rest for 5-10 minutes.

The respiratory functions measurement began when the signal waveforms of

plethysmograph were stable in the same pattem and no fluctuations. This experiment

procedure was done during spontaneous breathing ofthe rat.

Computation of the respiratory function values : peak expiratory flow (PEF),

respiratory rate @R), minute volume (M\), tidal volume (TV), inspiratory time (TI),

expiratory time (TE), relaxation time (RT), specific airway resistance (RES) and

specific airway conductance (COND) were performed by the analyzer and then

recorded and printed out by L-12 logging system.

Duration of the measurement in each rat was taken for l0 minutes. This l0

minutes observation was suitable because in preliminary experiments, this duration was

adequately provided the difference in respiratory functions pattem between control and

AcN-treated rats. At the end of the experiment in each week, rats would be sacrificed.

The details of Noninvasive Respiratory Analyzer are shown as follows .
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The double chamber was connecied to the transducer that further connected to

preamplifiers, analyzer, and plethsmograph(or L l2Jogging system) as shown in figure3.

The double chamber consisted of a head (nasal) chamber and a body (thoracic)

chamber. Each chamber has it own pneumotachograph. The respiratory flow go

predominantly through this pneumotachograph.

The bias flow box introduced into the nasal chamber to remove CO2 that

builded up excessively with breathing and provide a constance smooth flow out of the

nasal chamber. The primary signal out ofthe preamplifier was flow signal (thoracic flow

and nasal flow) that was integrated to generate the volume and the other signal

waveforms.

The thoracic flow was integrated into tidal volume waveform. Computations of

rate, minute volume, peak expiratory flow, inspiratory time, expiratory time, and

relaxation time were perlormed on this signal.

The flow from the nasal or head chamber was used to compute the specific

airway resistance and specific airway conductance.

All values of respiratory functions were monitored and recorded by the

Noninvasive Respiratory Analyzer and then the results were printed out by the L-12

logging system.
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33 THE STUDY OF THE EFFECTS OF SUBCHRONIC EXPOSURE TO

ACRYLONITRILE  ON  THE  CHOLINERGIC  RESPONSE  OF  THE

RESPIRATORY SYSTEM:

The rats at day 5

of the 8th week were

and treated.

Atropine sulfate

(10 mg/k8BW,Ln)

Or

Physostig― e

(05 mttgBW,Im.)

Measurement

of

the respiratorv function
I
a

f-ro *, 
--l 

ro min--l

In order to study the effects of subchronic exposure of acrylonitrile on the

cholinergic response of the respiratory system, three groups of rats (one control group

and two treated groups) were injected intramuscularly with atropine sulfate l0

mg/kg.BW or physostigmine 0.5 mglkgBW (these two chemicals were dissolved in

0.9o% normal saline and calculated to the requried concentrations).

At day 5 of the 8th week of acrylonitrile treatment, the measurement of

respiratory functions began at 30 minutes after the test animal was challenged ,Jvith

atropine sulfate or physostigmine.

The 30 minutes interval is a suitable period because it was found in preliminary

experiment that this period can provide optimal times for detecting the influence of

atropine and physostigmine on the respiratory function of rat subchronically exposed to

low dose of acrylonitrile. This time schedule also used by Ghanayen et al in 1991 (56)

for the study of assessment of the acute acrylonitrile-induced neurotoxicity in rats.

The respiratory function measurement was perfiormed by the method as

described before.
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Table l:The dcsc■ ptlon ofthc paramctcrs rccordcd by"Nonlnvas市 c Rcspirato,Analyzcr

Peak expiratory flow : PEF

The maximum flow rate maintained for at least 0.1 second the force expiration.

This value updates in every breath.

Tidal volume : TV
The amount ofair that moved into the lungs with each inspiration (or the amount

that moved out with each expiration). This value updates in every breath.

Respiratory rate : RR

The detection ofrespiratory frequency per minute

Minute volume : MV
The amount of air inspired per minute. This is the product of the respiratory rate

and the tidal volume peak.

Inspiratory time : TI
The period computed by measuring the flow signal from the start of one

inspiration to the start of the next expiration.

Expiratory time : TE

The period computed by measuring the flow signal from the start of one

expiration to the srart of rhe nexr inspirarion.

Relaxation time : RT

The time for the volume to return from its peak level to approximately one third

ofthe peak level.

Specific airway resistance : RES

Resistance to airflow through an airway divided by the volume of
thoracic gas flow.

Specific airway conductance : COND

The reciprocal of the RES. Its level is two time the reciprocal of the level of
the resistance.
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ANALYSIS OF DATA

Studentis t― test was used to compare the sig五 flcant difFerence bet、 veen means of

the control and treated groups
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CEAPTER IV

RESULTS

Part 1. The effect of subchronic exposure to acrvlonitrile on the bodv weisht and

respiratorv functions.

1. The effect of acrylonitrile on the body weight :

The results showed that subcutaneous administration of acrylonitrile I

mglg, 5 days per week for 8 weeks did not significantly alter the body weight of

the treated-rats. Whereas in the acrylonitrile (25 mglkg)-treated group, the significantly

lower body weight than control group was detected at the 4th, 6th -6 3th week. One

week afler the termination of acrylonitrile treatment (at the gth week), in the

acrylonitrile (25 mg/kg)-treated group, the significantty lower body weight than control

group have also been detected as showed in table 2 and figure 4.
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Table 2: The effect of subchronic exposure to acrylonitrile on the body weight.

Rats were administered subcutaneously with saline solution in control group and

acrylonitrile I and 25 mg/kg.BW in the treated-groups, 5 days per week, for 8 weeks.

The body weight was recorded at day 5 of each week.

The rats at the 8h week were divided into three groups : the first group used for
measuring respiratory function at day 5 of the 8 tr of acrylonitrile treatment without any
challenges, the second and the third group used for measuring respiratory function at
day 5 of the 8ft week of acrylonitrile treatment after challenged with atropine sulfate 10

mg/kg,im. and physostigmine 0.5 mglkg,im.. respectively at that week.
The 9ft week is the measurement one week following the termination of 8 weeks of

acrylonitrile treatment.

a,aAA represent significant differences from control on the same period of testing at
p< 0.05, 0.001, respectively

brbbb represent significant differences from acrylonitrile I mg/kg on the same period of
testing at p< 0.05, 0.00I, respectively.

Each value represents the mean t S.E.

Duration of

treatment

Body weight(em.)

n Control n ACN lmg/kg n ACN 25mげ kg

week I

week 2

week 4

week 6

week 8

week 9

9

8

9

9

24

8

202.72+ 4.02

242.75+ 5.26

333.72+ 8.81

380.72+ 8.05

395.63+ 5.20

429.63+12.11

8

9

9

9

24

8

210.86+ 3.34

250.78+ 2.78

325.06‐ + 6.82

390.78+ 8.22

401.05+7.16

448.38+8.44

7

10

9

9

23

8

200.5+3.50

244.35+6.22

aaLbbb
283.94+5.42

b
360.67+7.76

a,b

375.61+6.16

b
415.5618.66
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Figure 4; The effect of subchronic
exposure to acrylonitrile

on body weight

500

450

400

350

300

250
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150

124689
TREATMENT (WETX)

-++ CONTROL * ACN 1 mg/kg -€- AGN 26 mg/kg

Figure 4: The efect of subchronic ex?osure to acrylonitrile on the actual body weight
The 9th week is fte measurement one week following the termination of 8 weeks of acrylonitrile treatment.

araaa represent signifrcant differences from control on the same pe.iod of testing at

p< 0.05,0.00 l.respectively.

brbbb represent signifrcant dtfferences from acrylonitrile I m/kg on the same period of testing at

p< 0.05, 0.001, respectively.
Each point represents the mean of acnral body weight.

BODY WEIGHT ( gm.)
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2. The effects ofsubchronic exposure ofacrylonitrile on respiratora functions :

This study was carried out in intact animals. The quantitative effects of sub-

ckonic exposure of acrylonitrile on respiratory functions were measured. The

ventilatory response to acrylonitrile was studied without the additional inlluence ol

surgical alteration of the respiratory passage. The respiratory parameters ; peak

expiratory flow (PEF), respiratory rate (RR), minute volume (IvtV), tidal volume

(MV), inspiratory time (TI), expiratory time (TE), relaxation lime (RT), specific

airway resistance (RES), specific airway conductance (cond) were measured by using

Noninvasive Respiratory Analyzer. The results were showed table 3 to i 1 and figure

5 to 13.

2.1 The effects of subchronic exposure of acrylonitrile on oeak expiratory

flow(PEF).

The acrylonitrile( 1mg/kg)+reated group showed no significant differences

from control group ofthe same period of treatment tkoughout the entire experiment.

Whereas in acrylonitrile (25mglkg)-treated group, the peak expiratory flow was lower

than control and acrylonitrile ( lmg/kg)- treated group as showed in table 3 and figure

5. The significant decrease in peak expiratory flow was detected at the 4th week of

the treatment.

Furthermore, at the 8th week of acrylonitrile treatment, peak expiratory flow

of control and ACN- treated group showed significantly higher than that at week 1

ofthe same dose as showed in table 3 and figure 5.

At the 9th week (one week following the termination of 8 weeks of

acrylonitrile treatment), the peak expiratory flow of the rats in acrylonitrile

(25 mg/kg)-treated group were increased to nearly those of control and acrylonitrile

(1 mglkg)-treated rats, and these values at the 9 th week were significant differences

from the lst week ofthe treatment.as showed in table 3 and figure 5.
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Table 3: The effect of subchronic exposure to acrylonitrile(ACN) on peak expiratory

flow (PEF).

Duration of

treatment

Peak expiratorv flow (ml/sec)

n Control n ACN lmJk負 n ACN 25mノ kg

week 1

week 2

week 4

week 6

week 8

week 9

9

8

9

9

8

8

3.01+O.07

3.34+0.14

CC
4.11+0.24

C
4.29+0.24

CC
3.99+0.20

CC
448+0.43

8

9

9

9

8

8

3.04+O

3.32+O

13

う
ん

3.63+0.24

CC
4.52+0.31

CC
4.06+0.21

4.61
CC

+0.38

7

10

9

9

8

8

3.00+0.05

3.22+0.14

a,c

3.37+O.15

CC
3.99+0.25

360+0.23

CC
50+0.33

Acrylonitrile 1 and 25 mglkg were administered subcutaneously once daily for 5

days per week. Control groups were received saline solution in comparable amount
instead of acrylonitrile. The duration of experiment is i 0 minutbs.

The 9ft week is the measurement one week following the termination of 8 weeks of
acrylorutrile treatment.

a represents a significant difference from control on the same period of testing at

p< 0.05

c,cc represent significant differences from week 1 of the same dose at p<0.05,
0.0i, respectiveley.

Each value represents as mean t S.E
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Figure 5: The effect of subchronic
exposure to acrylonitrile on

peak expiratory flow (PEF)

DURATION OF TREATMENT (WEEK)

+- CONTROL 
- 

AGN 1 mg/kg + ACN 25 mg/lq

Figure 5: The effect of subchronic exposure to acrylonitrile (ACN) on peak expiratory flow @EF).
I ne vu'week ls the measurement one week following the termination of 8 weeks of acrylonitrile treatment.
a rePresents a significant difference from conuol on the same period of testrng at p< 0.05
crcc represent significant differences from week I of the same dose at p< 0.05, 0.01, respectively.
Each point represents the mean of PEF.

PEAK EXP!RATORY FLOW (m:/sec)
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2.2 The effects of subchronic exposure of acrylonitrile on tidal volume (TV).

respiratory rate (RR). and minute volume (MV).

At the 9th week of the treatment the tidal volume of acrylonitrile (25

mglkg)-treated group showed significantly lower when compared with control and

acrylonitrile (1 mglkg)-treated group. In additioru the tidal volume of control group

and acrylonitrile-treated groups at the 9th week and tidal volume of control and

acrylonitril e(25mgkg)-treated group at the 8th also showed significant differences

from the lst week as showed in table 4 and figure 6.

In acrylonitrile (25 mg/kg)-treated group, the respiratory rate and minute

volume were significantly lower than those in control and acrylonitrile (l m/kg)-

treated group at the 1st, 4th,6thand 8th week of the treatment (for respiratory rate)

and at the 1st, 2nd, 4th,6th and the 8th week of the treatment (for minute volume).

It was noticed that after the termination of acrylonitrile treatment for one week(at the

gthweek), both respiratory rate and minute volume showed no significant differences

from control group and acrylonitrile (1 mg/kg)-treated group as showed in table 5,6

and figure 7,8.

At the 8th week of acrylonitrile treatment minute volume of control and

acrylonitrile (25 mg/kg)-treated group showed significant differences when compared

with the first week of the same dose showed in table 6 and figure 8.

Furthermore, the respiratory rate of acrylonitrile (25 mglkg)-treated group

and minute volume of all three groups (one control and two acrylonitrile-treated

groups) after the termination of acrylonitrile for one week showed significant

differences when compared with the lst week at the same dose showed in table 5,6

and figure 7,8.
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Table 4: The effect of subchronic exposure to acrylonitrile(ACN) on tidal volume (TV).

Duration of

treatment

Tidal volume(mi)

n Control n ACN lmノkg n ACN 25mノkg

week I

week 2

week 4

week 6

week 8

week 9

9

8

9

9

8

8

0.75+0.02

0.89+0.04

0.99+O.10

CC
l.13+0.10

CC
l.06+007

CC
l.19+0.04

8

9

9

9

8

8

0.78+0.05

0.88+0.04

C
0.95+O.05

CCC
l.20+O.04

0.94+0.06

CC
l.04+007

7

10

9

9

8

8

a
0.68+0.02

C
0.83+0.05

CC
O.97+O.07

CCC
l.12+008

■CCC
O.87+O.03

LCC
O.96+0.06

Acrylonitrile I and 25 m/kg were admimstered subcutaneouslv once daily for 5 days

per week. Control groups were received saline solution in comparable arnount instead of
acrylonitrile. The duration of experiment is 10 minutes.

The th week is the measurement one week following the termination of 8 weeks of
acrylonitrile treaunent.

a represents a significant difference from control on the same period of testing

at p< 0.05

C,CC,CCC represent significant differences from week I of the same dose at p<0.05,

0.0 1,0.001, respectively,.

Each value represents as mean + S.E.
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Table 5: The effect of subchronic exposure to acrylonitrile(ACN) on respiratory
rate (ItR).

Acrylonitrile I and 25 mg/kg were administered subcutanmusly once daily for 5

days per rveek. Controlgroups were received saline solution in comparable amount instead

of acrylonitrile. The duration of experiment is l0 minutes.

The 9ft week is the measurement one week following the termination of 8 weeks of
acrylonitrile treatment

araa represent significant differences from control on the same period of testing at
p< 0.05, 0.01, respectivell,.

b,bb represent significant differences from acrylonitrile I mgftg on the same period

of testing at p< 0.05, 0.01, respectively.

CC represent a significant difference from week I of the same dose at p< 0.01

Each value represents as the mean t S.E.

Duration of

treatment

Respiratory rate (breaths/min)

n Control n ACN lm3生 g n ACN 25mノkg

week 1

week 2

week 4

week 6

week 8

week 9

9

8

9

9

8

8

85.96+3.22

80.54-卜 3.20

94.18+6.55

84.79+605

82.61+2.83

83.38+3.71

8

9

9

9

8

8

83.78+2.14

81.86+1.95

78.54+4.35

82.33+4.23

83.94+3.15

92.89+3.74

7

10

9

9

8

8

aLbb
60.3245.02

73.27+4.21

aa
70.46+3.48

ιb
6642+4.64

71.81+2.98

CC
91.99+6.06
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Table 6 : The effect of subchronic exposure to acrylonitrile (ACN) on minute
volume(MV).

Acrylonitrile I and 25 mg/kg were admirustered subcutaneousll' once dail), for 5

da1.'s per week. Control groups rvere received saline solution in comparable amount instead

of acrylonitrile. The duration of experiment is l0 minutes.

The 9ft week is the measurement one week following the termination of 8 weeks of
acrylonitrile treaunent.

araaraaa represent significant differences from control on the same period of testrng

at p< 0.05, 0.01, 0.001. respectivell,.

b,bbrbbb represent significant differences from acrylonitrile I mg&g on the same

period of testing at p< 0.05, 0.01, 0.00i, respectivell,.

C,CC,CCC represent significant differences from week I of the same dose at p<0.05,

0.0 i, 0.00 1, respectively
Each value represents as the mean t S.E

Duration of

treatment

Minute volume (mVmin)

n Control n ACN lmq/kg n ACN 25mノkg

week

week 2

week 4

week 6

week 8

week

9

8

9

9

8

8

6974+2.25

77.33+408

CC
93.24+5.26

C

101.26+9.98

CC
93.85+5.16

CC
10179+7.00

8

9

9

9

8

8

7015+437

77.87+2.48

79.29+5.04

CCC
106.28+7.01

85.38+6.78

CC
101.36+668

7

10

9

9

8

8

aa■ bbb
43.97+3.70

■b,cc
5,01+4.48

■ CCC
72.86+4.99

bb,ccc
78.44+6.10

aへb,cc
66.44+4.90

CC
96.30+8.16
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Figure 6 : The effect of subchronic
to acrylonitrile on
volume (TV)

exposure
tidal

T:DAL VOLUME

a,ccc

123456789

DURAT:ON OF TREATMENT(WEEK)

―O-00NTROL  一~― ACN l m9ノ k9  -B― ACN 25 mg/kg

I潔機、窯T鑑潔糊珊糊鰈 tЁ胤∬:靱:1胤面回e teaunm.
a reprcsents a sl♂面 cant direrence from∞ ntrol on the salne penod oftesttng at p<0.05

C,CC,CCC rcprescnt signiflcant置 詭 rcnces hm wcck l of thc sarne dose at pく 0.05,0.01,0.001,
respecuvely

Each point reprcsents the nlean ofTV

CC

a,cc

(m:)
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Figure 7: The ef fect of subchronic
exposure to acrylonitrile on

respiratory rate (RR)

RESP:RATORY RATE (breaths/min)

2345678

DURAT!ON OF TREATMENT(WEEK)

-0-00NttROL  一十一ACN l mg/k9  -B― ACN 25 m9/kg

Figure 7: The effect of subchronic ex?osue to acrylonitrile (ACN) on respiratory rate (RR).

The thweek is the measurement one week following the termination of 8 weeks of acrylonitrile treatment.

araa represent significant dtfferences from control on the same period of testing at p< 0.05, 0.01,

respectirely.

brbb represent signfficant di-fferences from acrylonitrile I mgtkg on the same period of testing at
p < 0.05. 0.01. respectively.

CC represents a significant difference from week I of the same dose at p<0.01

Each point represents the mean of RR.
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Figure I : The effect of subchronic
exposure to acrylonitrile on

minute volume (MV)

120

34567

DURAT:ON OF TREATMENT(WEEK)

-+- ooNTROL -+- ACn lmglkg +- lgp 25 mg/lqg

Figurq 8: The effect of subchronic exposure to acrylonitrile (ACN) on minute volume (M9.
The 9ft week is t}re measurement one week followrng the termination of 8 weeks of acrylonitrile treatment.

a,a.araaa represent significant differences from conuol on the same period of testing at p< 0.05,

0.01,0.001. respectively.

brbbrbbb represent signifrcant differences from acrylonitrile I mglkg on the same period of lesting at
p< 0.05, 0.01, 0.001, respectively.

CTCCTCCC represents significant di-fferences from week I of the same dose at p<0.05, 0.01, 0.001,

respectively.
Each point represents the mean of MV.

M:NUTE VOLUME(m:ノ min)

bb,cc
a,ccc

,b,cc
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2.3 The effects of subchronic exposure of acrvlonitrile on inspitratorv time (TI).

expiratory time (TE). and relaxation time (RT).

Acrylonitrile (25 mgkg)-treated group showed significantly higher in

inspiratory time than that of control and acrylonitrile (1 mglkg)+reated group, began

at the first week and throughout the acrylonitrile-treated experiment for 8 weeks. It

was noticed that, it has the time-related reduction of inspiratory time in acrylonitrile

(25 mgfl<g)-treated group. As showed in tableT and figure 9, at the 9th week (one

week after the termination of acrylonitrile treatment) the inspiratory time of

acrylonitrile (25 mgkg)-trezted group was reduced to nearly that of control and

acrylonitrile ( 1 mg/kg)-treated group.

At the 8th week of acrylonitrile treatment, it was found that inspiratory time

of ACN-treated groups showed significant differences when compared with the same

dose at the first week of acrylonitrile treatment as showed in table 7 and figure 9.

In addition, it was found that at the 9th weeh the values of inspiratory time

of control and 1, 25 mg/kg acrylonitrile treated groups showed significant differences

from the first week of acrylonitrile lreatment as showed in table 7 and figure 9.

During the entired period of acrylonitrile treatment, there were no alterations

in both expiratory time ( except al the 2nd week) and relaxation time, except that at

the 2nd week, expiratory time of acrylonitrile (25 mglkg)-treated group showed

significantly lower than that of control goup as showed in table 8, 9 and figure 10,

1 l, and at the 8th weeh it was found that expiratory time of acrylonitrile (25 mg&g)-

treated group showed significant difference from that of the first week as showed in

table 8 and figure 10.
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Table 7 : The effect of subchronic exposure to acrylonitrile (ACN) on
inspiratory time (TI).

Acrylonitrile I and 25 mg/kg were administered subcutaneousl)' once dail"v for 5

days per week. Conuol groups were received saline solution in comparable amount instead

of acrylorutrile. The duration of experiment is l0 mrnutes.

The 9tr week is tle measurement one week followrng the termination of 8 weeks of
acrylonitrile treatnent.

araaraaa represent significant differences from control on the same period of testing

at p< 0.05, 0.01, 0.001, respectively.

brbbrbbb represent significant differences from acrylonitrile I mgAg on the same

period of testing at p< 0.05, 0.01, 0.001, respectively.

c,ccrccc represent significant differences from week I of the same dose at p<0.05,

0.0 1, 0.00 l, respectively..
Each value represents as the mean t S.E

Duration of

treatment

Inspiratory time (sec)

n Control n ACN lmノkg n ACN 25mg/kg

week I

week 2

week 4

week 6

week 8

week 9

9

8

9

9

8

8

0.29+001

0.26+0.00

CC
O.23+0.02

0.26+O.06

0.27+O.01

C
0.26+0.01

8

9

9

9

8

8

0.29+0.01

0.31+O.04

a
0.31+0.03

0.28+0.05

亀 CC
O.24+0.Ol

0.23+001

7

10

9

9

8

8

aLbb
O.75+0.07

aLb,c
O.51+0.07

鴫 CC
O.43+O.05

亀b,cc
O.41+0.05

aaLbbb,cc
O.39+O.02

CCC
O.24+0.01

Copyright by Mahidol University



56

Table 8 : The effect of subchronic exposure to acrylonitrile (ACN) on expiratory
time (TE).

Acrylonitrile I and 25 mglkg were administered subcutaneousl.v once daily for 5 days

per week. Control groups were received saline solution in comparable amount instead of
acrylorutrile. The duration of experiment is l0 minutes.

The 9tr u,eek is the measurement one week following the termination of 8 weeks of
acrylonitrile ueatrnent.

a represents a significant difference from control on the same period of testing at

p< 0.05

C,CC represent significant differences from week I of the same dose at p<0.05,

0.01, respectively.
Each value represents as the mean + S.E.

Duration of

treatment

Expiratory time (sec)

n Control n ACN lmttkA n ACN 25mg/kg

week

week 2

week 4

week 6

week 8

week 9

9

8

9

9

8

8

0.41+0.02

0.46+0.02

041+O.02

0.45+O.03

0.44+0.02

046+0.03

8

9

9

9

8

8

041+0.01

040+002

0.45+0.02

0.44+O.03

0.46+0.03

0.40+002

7

10

9

9

8

8

0.38+0.02

0.34+0.04

0.43+0.06

CC
O.50+0.03

047+0.03

0.41+0.02
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Table 9 . The effect of subchronic exposure to acrylonitrile (ACN) on relaxation
time (RT).

Acrylonitrile I and 25 mgkg were administered subcutaneously once daily for 5 days

per week. Control groups rvere received saline solution rn comparable amount instead of
acrylonitrile. The duration of experiment is l0 minutes.

The 9tr week is the measurement one week followrng the termination of 8 rveeks of
acrylonitrile treaunent.

C,CC represent significant differences from week I of the same dose at p<0.05,

0.01, respectively.
Each value represents as the mean + S.E.

Duration of

treatment

Relaxation time(sec)

n Control n ACN lmノkg n ACN 25mノ kg

week

week

week 4

week 6

week 8

week 9

9

8

9

9

8

8

19+O.01

0.22+0.01

0.20+0.02

0.23+002

0.22+0.02

0.23+0.02

8

9

9

9

8

8

19+O.01

0.21+001

23+0.02

CC
0.24+0.01

0.21+001

0.21+0.01

7

10

9

9

8

8

0.20+0.01

18+0.02

0.22+O.03

0.27+0.03

0.22+0.01

0.19+0.01
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Figure 9:The effect of subchronic
exposure to acry:onitri:e on

inspiratory time(Tl)

:NSP:RATORY TIME (sec)

123456789

DURAT10N OF TREATMENT(WEEK)

~CONTROL  ~+~ACN l mgノ kg   B ACN 25 m9′ kg

幣 蹴 ∬ ittT雪 船 籠‖ 認 駐 F轟器 :翼 t髯皿 鮮 撃棚 ∴品 ∫鵬 lcttmm
a,aa,aaa rcprcscnt sign」■ンmt dfcrences from control on the salne pe五 od of tcsung at  pく 005,

001,0001, respecu■ ely

b,bb,bbb rcpresent sigJlcant dlfFeren∝ s from acヮlomdlc l mν聰 on thC Sarnc pcAod of tcsung at
pく 005,001,0001,rcspccuves′

C,CC,CCC represent signtrlcant dlfFerences from weck l of the 痰
“

ne dosc at pく  005, 001, 0001,

respecively

Each pOint rcprcscnts tllc mcan of TI

Copyright by Mahidol University



Figure 10 : The effect of subchronic
exposure to acrylonitrile on

expiratory time (TE)

EXP:RATORY T:ME(sec)

2345678

DURAT!ON OF TREATMENT(WEEK)

-0-00NTROL  ―■―ACN l mg/k9  -B― ACN 25 m9/kg

Figurq l0: The effect of subchronic exposure to acrylonitrile (ACN) on expiratory time (TE).
The 9m week is the measurement one week following the termination of 8 weeks of acrylonitrile treatment.
a represents a significant di.fference from control on the same period of testing at p< 0.05.

crcc represent significant differences from week I of the same dose at p< 0.05, 0.0I, respectively.
Each point represents the mean of TE.
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Figure 11 : The effect of subchronic
exposure to acrylonitrile on

relaxation time (RT)

34567

DURAT:ON OF TREATMENT(WEEK)

-00NTROL  一■―ACN l mg/kg  ― ACN 25 mg/kg

琴鷲冨t麟:ξtth屋醐轟lttξtt■l:艦W晰食胤キ署」1議岬1:写ittRLtreamem.
c,cc represent signiEcant direren∝ s from week l ofthe salne dose at p<005,0.01,respectlvely

Each point represents the mean ofRT.
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2.4 The effects of subchronic exposure of acrylonitrile on specific airway

resistance (RES) and specific airway conductance (COND).

There was no significant difference between control group and acrylonitrile

(1 m/kg)-treated group in both specific airway resistance and specific airway

conductancethroughout the entired experiment as showed in table 10, il and figure

12,73.

At the lst and 2nd weeh acrylonitrile (25 ngkg)-treated group showed the

significant increased in specific airway resistance and showed the significant

decreased in specific airway conductance when compared whih control and

acrylonitrile (1 mg/kg)-treated group. It should be noticed that, this specific airway

resistance and specific airway conductance of acrylonitrile (25 mglkg)-treated group

returned to nearly the values of control goup during the 4th, 6th, 3th week especially

at the 9th week of the experiment as showed table 10, 1 1 and figure 12,73.

In table 10 and figurel2 it was found that control and acrylonitrile (25

mglkg)-treated group at the 8th week and acrylonitrile(25mglkg)-treated group at the

9th week showed significant differences from that of the 1st week of the treatment.

And in table 1i and figurel3 at the 8th and 9th week of the treatment, control group

showed significant difference in specific airway conductance from that of the first

week, in other hand, 1 and 25 mdkg acrylonitrile treated groups did not showed

signifi cant differences.
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Tablel0 : The effect of subchronic exposure to acrylonitrile (ACN) on specific
airrvay resistance (RES).

Acrylonitrile I and 25 mlkg were administered subcutaneously once daily for 5

days per week. Control groups were received saline solution in comparable arnount instead

of acrylonitrile. The duration of experiment is l0 minutes.

The 9m week is tlre measurement one week following the termination of 8 weeks of
acrylonitrile treaunent.

aa represents a significant drfference from control on the same period of testing at
p< 0.01

bb represents a significant difference from acrylonitrile I mgikg on the same period

of testrng at p< 0.01

C represents a significant difference from week I of the same dose at p< 0.05

Each value represents as the mean t S.E.

Duration of

treatment

Specifi c airway resistance(cm.HrO/sec)

n Control n ACN lmノk2 n ACN 25mノkg

week I

week 2

week 4

week 6

week 8

week 9

9

8

9

9

8

8

3.55+O.38

13+0.56

3.33+0.63

3.71+O.37

5.51+0.61

4.78+0.47

8

9

9

9

8

8

2.71+O.58

3.94+0.78

4.53+0.54

4.29+0.50

4.09+0.75

449+0.80

7

10

9

9

8

8

aLbb
8.06+1.03

鴫 bb
ll.12+1.81

577+1.15

7.10+1.85

5.85+1.46

4.90+0.97
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Table 11 : The effect of subchronic exposure to acrylonitrile (ACN) on

specific ainyay conductance (COND).

Duration of

treatment

Specifi c airway conductance(sec/cm.HrO)

n Control n ACN lmノkg n ACN 25mヵ生g

week 1

week 2

week 4

week 6

week 8

week 9

9

8

9

9

8

8

0.32110.030

0.344+0.044

0.340+0.014

0.296+0.032

CC
O.206+0.025

C
0.23710020

8

9

9

9

8

8

0.379+0.039

0.320+0.046

C
0.264+0.036

C
0.274+O.029

0.303+0.039

0.280+0.046

7

10

9

9

8

8

aLbb
O.191+0.030

aιbb
O.146+0.024

0.264+0.044

0.248+0045

C

0.309+O.042

0.283+0.051

Acrylonitrile I and 25 m/kg were administered subcutaneously once daily for 5 days

per week. Control groups were received saline solution in comparable arnount instead of
acrylonitrile. .The duration of experiment is l0 minutes.

The 9fr week is the measurement one week follou.ing the termination of 8 weeks of
acrylorutrile treatment.

aa represents a significant difference from control on the same period of testing at
p< 0.01

bb represents a significant difference from acrylonitrile I mg/kg on the same period of
testing at p< 0.01

C,CC represent significant differences from week I of the same dose at p<0.05, 0.01

respectivel]'

Each value represents as the mean t S.E.
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Figure 12:The effect of subchronic
exposure to acry:onitri:e on

spec:fic airw「ay resistance(RES)

SPEC:F:C AIRWAY RES:STANCE(cmH20ノ sec)

aa,bb
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FigurelS: The effect of subchronic
exposure to acrylonitrile on

specific airway conductance (COND)

SPECIF:CA:RWAY CONDUCTANCE(secノ cmH20)
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Part 2. The effect of subchronic exoosure to acrvlonitrile on the cholinersic

resDonse of the resDiratorv svstem.

In order to study the effect of subchronic exposure to acrylonitrile on the

cholinergic response of the respiratory system, the rats were injected with

atropine sulfate (muscarinic recepter antagonist) l0 mglkgBw, or physostigmine

(a reversible acetylcholinesterase inhibitor) 0.5 mglkg BW.at day 5of the 8thweek of

acrylonitrile treatment. 30 minutes after the test animals were challenged, the

respiratory functions were measured.

The other signs of acrylonitrile on cholinergic functions for examples,

hypersalivation, lacrimation and dianhea were observed in all acrylonitrile-treated

animals.

The rats treated with acrylonitrile 25 mg/kg, subcutaneously 5 days per

week for 8 weeks hypersalivation and lacrimation were observe for half an hour

after 10 minutes of acrylonitrile treatment. These observations were found at the

second week and throughout the Sth week of acrylonitrile treatment. Diarrhea was

also observed in some rats in this group. However, these effects were not found at

week 9 of the treatment (one week after termination of the acrylonitrile treatment).

2.1 Atropine sulfate

The rats challenged with atropine sulfate 10 mg/kg,im. at day 5 of the 8th

week of acrylonitrile treatment showed no significant differences in peak expkatory

flow, minute volume, inspiratory time, expiratory time, relaxation time, specific

airway resistance, and speci.fic airway conductance when compared between control

group and acrylonitrile ( l mg/kg)+reated group as showed in table 12 and figure 14,

17 to 22.
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It was found that the respiratory rate of acrylonitrile (1 mg/kg)-treated group

which challenged with atropine was significantly higher than control group. Thus,

despite the significantly lower tidal volume observed in atropine challenged group, the

minute volume did not altered significantly as showed in table 12 and figure15,16,17.

These results suggest that minute volume is govemed by two factors, respiratory rate

and tidal volume.

There were no significant differences in respiratory functions after challenged

with atropine sulfate, compared between control group and acrylonitrile (25 mg/kg)-

treated group in the same period of testing as showed in table 12 and figure 14 to 22.

Furthermore, there were no significant differences in respiratory functions of control

and ACN-treated rats after challenged with atropine sulfate when compared with

those of control group at the 8th and 9th week ofthe treatment as showed in table 12

and figure 14 to 22.

2.2 Physostigmine

The effects of physostigmine, a reversible acetylcholinesterase inhibitor

which can enter the central nervous systern, provided the following results :

After administered intramuscularly with physostigmin. O.S rngAg at day 5 of

the 8th week of acrytonitrile treatment, it was found that in control group and

acrylonitriie (1 mg&g)-treated group showed significantly increased in almost all of

respiratory functions (peak expiratory flow, tidal volume, minute volume, relaxation

time and specific airway resistance) as showed in table 12 and figure 14;15,17,20,21.

Acrylonitrile (25mglkg)-treated group also exhibited the similar pattem of influences

on respiratory functions but mostly to a lesser extent than acrylonitrile ( l mglkg)-

treated group.
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In addition, control group and acrylonitrile (1 mg/kg)+reated group were

also showed the sigrrificant reduction in specific airway conductance as showed in

tablel2and figore 22, when compared with acrylonitrile(25 mg/kg)-treated group

Respiratory rate of control and AcN-treated rats were decreased after

challenged with physostignrine as showed in tablel2 and figure 16.

From the results,it can be noticed that in control and acrylonitrile (1 m/kg)-

treated group showed significantly alterations in respiratory function after challenged

with physostigmine. Whereas in acrylonitrile(2S mglkg)-treated group,after

challenged with physostigmine, almost all of the respiratory functions showed no

significant differences from control group at the 3th m6 9th *"sl( ofthe treatment.
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Table 12 : Respiratory functions during spontaneous breathing in atropine and physostigmine
treatments.

Respiratory

parameters Treatment n Control n ACN lmg/kg n ACN 25mノkg

Peak

explratory

■ow

(mySeC)

week 8

week 8 +
atropine

week 8 +
physostigmine

9

8

8

8

3.01+0.07

CC
3.99+0.20

439+0.58

cc,dd
7.08+0.83

8

8

8

8

3.04+0.13

CC

406+0.21

CC
3.83+0.19

ccc,dd
5,93+O.40

7

8

8

7

300+005

3.60+0.23

CC
4.04+O.21

aLbb,cc
4.26+0.29

Tidal

volume(I」 )

week I

week 8

week 8 +
atropine

week 8 +
physostigmine

9

8

8

8

0.75+0.02

CC
l.06+0.07

CCC
l.10+006

ccc,ddd
l.68+011

8

8

8

０
０

0.78+0.05

0.94+0.06

へC
094-卜 0.04

ccc,ddd
l.73+O.12

7

8

8

7

a
O.68+0.02

亀CCC
O.87+003

CCC
l.08+0.05

aaLbbb,ccc
l.06+0.06

week 1

C
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Conable 12:(Cont.

Respiratory

Darameters Treatment n Control n ACN lmノkg n ACN 25mq/kg

Respiratory

rate

(breaths/min)

week 1

week 8

week 8 +
atropine

week 8 +
physostigmine

9

8

8

8

85.96-13.22

82.61+2.83

79.66■ 3.34

cc,dd
67.08+3.72

8

8

8

8

83.78+2.14

83.94+315

86.49+2.00

cc,dd
67.09+4.18

7

8

8

7

attbb
60.32+5.02

71.81+2.98

C
77.89+2.91

aaLbbb,ddd
6280+2.41

Minute

volume

(mVmin)

week 8

week 8 +
atropine

week 8 +
physostigmine

9

8

8

8

69.7412.25

CC
93.85+5.16

CCC
93.50-卜 399

CC
121,70+12.31

8

8

8

8

15+437

85.38+6.78

・   CC
89.56+4.70

CCC,d
122.75+1067

7

8

8

7

＋̈３．７０・　　̈
＋４．９０・

７

　

　

　

　

４

９

　

　

　

　

４

CCC
89.48+3.51

aLbb,ccc,dd
72.33+2.41

week 1
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lable12:(Cont.

Respiratory

parameters Treatment n Control n ACN lmνkg n ACN 25mノkR

Inspiratory

time(sec)

week 8

week 8 +
atropine

week 8 +
physostigmine

9

8

8

8

0.29+001

0.27+0.01

0.35+0.06

d
O.38+0.04

8

8

8

8

0.29+0.01

■CC

O.24+0.01

0.25+O.00

d
036+003

7

8

8

7

attbb
O.75+0.07

aaabbb,cc
O.39+0.02

CCC
O.25+0.00

CC

O.37+003

Expiratory

time(sec)

week 1

week 8

week 8 +
atropine

week 8 +
physostigrnine

9

8

8

8

0.41+0.02

044+0.02

0.38+O.04

CC
O.51+O.03

8

8

8

8

0.41+001

0.46+003

0.40+0.01

0.52+003

7

8

8

7

0.38+0.02

0.47+0.03

0.43+002

0.55+0.05
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Table 12:(Cont.

Respiratory

parameters Treatment n Control n ACN lmo/kg n ACN 25mg/kg

Rela,xation

time(sec)

week 1

week 8

week 8 +
atropine

week 8 +
physostigmine

9

8

8

8

0.19+0.01

0.22+0.02

0.22+0.01

CCC,d
O.27+O.01

8

8

8

8

0.19+O.01

0.21+0.01

0.20+0.01

CC,d
030+003

7

8

8

7

0.20+0.01

0.22+0.01

0.22+O.01

attbb
O.21+0.02

Specific
alrway

resistance
(cm.H2Olsec)

week i

week 8

week 8 +
atropine

week 8 +
physostigmine

9

8

8

8

55+0.38

5.51+0.61

C
6.85+1.06

cc,dd
ll.13+1.44

8

8

8

8

2.71+0.58

4.09+0.75

CC
5.29+O.46

ccc,ddd
ll.23+1.09

7

8

8

7

attbb
8.06+1.03

C
5.85+1.46

C
4.39+0.80

■bb
6.13+1.62
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T able 12:(Cont.

Respiratorv

Treatment n Control n ACN ImノkQ n ACN 25mノkgparameters

Specific
alrway

conductance

(sec/cm.H2O)

week 1

week 8

week 8 +
atropine

week 8 +
physostigmine

9

8

8

8

0.321+0.030

CC
O.206+0.025

CC
O.185+O.025

ccc,dd
O.118+0012

8

8

8

8

0.379+0.039

0.303+0.039

CC
O.202+0.017

ccc,dd
O.HO+0.OH

7

8

8

7

attbb
O.191+0.030

0.309+0042

0.287+0.046

■bb
O.295+O.062

"week 8+atropine" represents challenged with atropine l0 mg/kg,rm.30 minutes before the treatnent
atthe8trweek

"week 8+phvsostigmine" represents challenged with physostigmrne 0.5 mg/kg,im.30 minutes before
the treafinent at the 8 tr week.

The duration of expenment is l0 mrnutes.

ataaraaa represent significant differences from control on the same period of testing at p< 0.05,
0.01, 0.00 l, respectively.

brbbrbbb represent significant differences from acrylorutrile I mg/kg on the same period of testing
at p< 0.05, 0.01, 0.001, respectively.

c,c0,ccc represent significant differences from week I of the same dose at p<0.05, 0.01, 0.001,
respectively..

drddrddd represent significant differences from control group at week 8 at p< 0.05, 0.01,0.001,
respectively'.

Each value represents as the mean + S.E.
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Figure 14= Peak expiratory flow (PEF)
during spontaneous breathing in atropine

and physostigmine treatqnents

4.5

2.5
WEEK l WEEK 8 W8● ATROP. W8+PHYSO,

TREATMENT

□ CONTROL  ■■IACN l mgノ k9  嘴Ztt ACN 25 mgノ kg

Figure 14:Peak expirato■ ■ow eED dwhg Spontaneous brmtting in atropinc and pけ sOSugnllne
treamcnts
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aa represents a signiflcant d」Ference Lom∞ ntrol on the sarne peHod oftesting at p<001

bb FepreSents a sig面 ncant dfcrcncc from acwlonitrile l mttg on thC Salne pcriod oftesting at p<001

C,CC,CCC represent sigttcant d」 】erences fronl wcck l of thc sallle dose at pく  0.05, 0.01, 0.001,

respectively

dd rcprcsents a sigmflcant difFerence from control group ofweck 8 at p<001
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Figure 15: Tidal volume (TV)
during spontaneous breathing in atropine

and physostigmine treatments

ccc,ddd

0.6

WEEK l WEEK 8     W8● ATROP,    W8+PH YSO.

TREATMENT

[,I"]I 6ONTROL I eCN 1 mg/kg ffi eCN 2E mg/kg

Figure 15: Tidal volume (TV) during spontaneous breathing in atropine and physostigmine ueatments.
WA+ATROP. represents challenged u'ith atropine l0 mglkg,im.30 minutes before the treatment at t}e
8 & week.
W8+PHYSO. represents challenged with physostigmine 0.5 mg/kg.im.30 minutes before the treafnent at
the 8thwe-ek.

a'aaa represent significant differences from control on the same period of testing at p< 0.05, 0.001,
respectivelr'.

bbb represents a significant difference from acrylonitrile I mg/kg on the same period of testing at
p< 0.001

crccrccc represent significant differences from week I of the same dose at p<0.05. 0.01. 0.001,
respectivell.'.

ddd represents a signihcant difference from control group of u,eek g at p< 0.001

0.1

T:DAL VOLUME (m:)
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Figure 16: Respiratory rate (RR)
during spontaneous breathing in atropine

and physostigmine treatments
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Figure 16 : Respiratory rate oRIり  dunng spontancous breathing in atrOpinc and physosugmnc
treamcnts
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Figure 17= Minute volume (MV)
during spontaneous breathing in atropine

and physostigmine treatments
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Figure 18 : lnspiratory time (Tl)
during spontaneous breathing in atropine
and physostignline treatments

0.7

0.6

0.5

0.4

0.2

0。 1

WEEK l WEEK 8 W8+ATROP, W8●PHYSO.

□ CONTROL

TREATMENT

■■IACN l mg/kg  圏国日ACN 25 mg/kg

Figure 18 : Inspiratorl timew (TI) during spontaneous breathing in atropine and physostigmine
treatments.
WA+ATROP. represents challenged with atropine l0 mglkg,im.30 minutes before the treatment at the
8 th week-
W8+PIIYSO. represents challenged with physostigmine 0.5 mglkg.im.30 minutes before the Eeatment at
the 8ft week

ara ra?,a represent sigrfficant differences from control on the same period of testing at p< 0.05, 0.01,
0.00 l. respectivel'r'.

bb'bbb represent significant differences from acrylonitrile I mglkg on the same period of testing at
p< 0.01. 0.001, respectively.

CTCCTCCC represent significant di-fferences from week I of the same dose at p< 0.05 ,0.01, 0.001,
respectively.

d represents a sigruIicant difference from control group of week 8 at p< 0.05

:NSPIRATORY TIME(sec)
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Figure 19:Expiratory time(TE)
during spontaneous breathing in atropine

and physostignline treatments
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Figure 20:Relaxation time(RT)
during spontaneous breathing in atropine

and physostigmine treatments

0,3
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Figure20 : Relaration time (RT) during spontaneous breathing in atropine and physostigmine treatments.
WA+ATROP. represents challenged with atropine l0 mg/kg.im.30 minutes before the treatment at the
8ftweek.
W8+PF[YSO. represents challenged with physostigmine 0.5 mglkg.im.30 minutes before t}te treatment at
the 8thweek.
aa represents a signifrcant difference from control on the same period of testing at p< 0.0 I

bb represents a significant difference from acrylonitrile I mglkg on the same period of testing at p< 0.01

ccrccc represent significant differences from week I of the same dose at p< 0.01. 0.001, respectivell,.

d represents a significant difference from control group ofweek 8 at p< 0.05

RELAXAT10N TIME(sec)
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Figure2l:Specific airway resistance(REs)
during spontaneous breathing in atropine

and physostigmine treatments
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Figure 21:Specirlc airwar resiStance KRES)dunng spontaneous breathng in atropine and physostlgnune

treaments.
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Fig.22:Specific airway conductance(GOND)
during spontaneous breathing in atropine

and physostigmine treatments
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Figure 22 : Specinc aittay Conductallce(COND)duHng SpontancOus breathing in atrOpine and
physOstignune treaments
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CHAPTER V

DISCUSSION

Acrylonitrile is a major industrial chemical which has an extremely wide range of

uses as commercial applications. There is a strong likelihood of occupational and

general human exposure through air, water and food (1,2,3). The respiratory and neural

effects of acrylonitrile in human were noted on exposure to 16-100 ppm for 20-45

minutes (9). Since autonomic nervous system controlling respiratory tract is very

important for the well being of human, the modification of this autonomic function,

therefore may lead to pathological state (57). It is generally recognized that cholinergic

nerves are predominant neural pathway in the airway and cholinergic bronchoconstriction

may be important factor in airawy obstruction (74,75,76). The preliminary experiments

and results from our laboratory study revealed that chronic exposure to acrylonitrile

induced alterations in tracheal muscarinic receptors both decreased and increased

muscarinic responses to acetylcholine depending on time of exposure (58). However,

there are few reports show the effects of low dose and chronic exposure to acrylonitrile

on respiratory functions in intact animals that emphasized. the relation with the

cholinergic nervous system ,therefore in this present study by using the intact test

animals, attempts have been made to evaluate the effects of subchronic exposure of

acrylonitrile on the respiratory functions and to detect whether long-term exposure of

acryloniytile can alter cholinergic functions controlling respiratory functions.

Furthermore, the effect of subchronic exposure of acrylonitrile on the body weight of the

treated rats were also detected.

It was found that the subcutaneous administration of acrylonitrile 25 mg/kgBW 5

days per week, for 8 weeks induced the significant reduction in body weight than

control group and this reduction was still observed at the 9 th week (after termination of

acrylonitrile for one week). Loss of body weight or failure to gain body weight, loss of

Copyright by Mahidol University



84

appetite, gastro-intestinal disturbance have been reported long time ago in rat exposed to

acrytonitrile at 330 mglm3 for 4 hours a day, 5 days a week for 13 weeks (61). This

effect was also found by the intraperitoneal injection of 50 mg/kg daily for 3 weeks in

adult rat (4). Our result conformed that body weight loss could occur and this effect was

not related to route of administration. At present, it is notknown how long-term

treatment of acrylonitrile can induce the decrease in body weight.

There was a study reported a decrease in body weight in male Wistat rats after

exposure to acrylonitrile 280 mg/m3,8 hours a day, for 5 days, the lower body weight

observed was correlated with the decrease in serum concentration of cholesterol and

triglyceride. The effect of acrylonitrile on lipid, protein and carbohydrate metabolism

may be responsible for the loss ofbody weight induced by acrylonitrile(62).

Furthermore, in the present study, it was observed that acrylonitrile (zsmglkg)-

treated rats were slightly sedative especially after acrylonitrile administration, and during

the repeated exposures by subcutaneous route, rats in this group have skin irritation and

became agressive when hurdling during the treatment. It may be possible that

acrylonitrile induced alterations in mood may involve in the eating behaviors of the

treated-rats resulting in Ioss ofbody weight.

The study of the effect of subchronic exposure to acrylonitrile on respiratory

functions were measured in the test animals during spontaneous breathing. It was found

that respiratory functions measured by using the Noninvasive Respiratory Analyzer in

rats exposed to acrylonitrile 1 mg/kg BW, 5 days per week for 8 weeks did not showed

the significant differences in peak expiratory flow, tidal volume, respiratory rate, minure

volume, expiratory time, inspiratory time (except at the 4th, 8th week ), relaxation time,

specific airway resistance when compared with control group tkoughout the entire

experiment.
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In addition, after termination of acrylonitrile treatment for one week all values of

respiratory functions ofthese I mg/kg acrylonitrile treated group and control group also

showed no significant difference.

The results of this study showed that at relatively low dose (l mglkg) of

acrylonitrile did not showed alterations of the respiratory functions.

The influences ol subctronic administration of acrylonitrile 25 mglkgBW, 5 days

per week for 8 weeks on the respiratory functions can be divided into two parts the first

part (at 1st, 2nd,4th,6th, ,16 3th week of acrylonirrile treatment ) and the second part

(after the termination of acrylonitrile treatment for one week).

The subckonic exposure to acrylonitrile 25 mglkg resulted in lowering of peak

expiratory flow when compared with control and acrylonitrile 1 .gkg treated group.

The significant decrease were detected at the 4th week of the treatment. However,

longer the time of exposure to acrylonitrile these values were increased, furthermore at

the 9th week (one week after the termination of acrylonitrile treatment ) the peak

expiratory flow of the rats in this group were increased to nearly that of control and

acrylonitrile (1mg,&g)-treated group, indicated that repeated exposure to acrylonitrile

resulted in adaptive changes ofthe peak expiratory flow values. The peak expiratory

flow rate represented the maximum flow rate during the force expiration (6g). It
demonstrated the interaction of the compression force of the bronchi, bronchioles and

the driving force that expelled the air out ofthe lung. The peak expiratory flow rate is

useful in clinical assessment of airway resistance. The increase in airway resistance

resulted in decreasing in speed of expiration. ln fixed obstruction of the major airway

especially intrathoracic obstruction as in tracheal stenosis, laryngeal stenosis or in

intrathoracic airway obstruction such as a chronic bronchitis, bronchial asthma, the peak

expiratory flows were reduced (68).
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In the present study, the gradually increased in peak expiratory flow values

following the administration of acrylonitrile may be occurred as the results of the

simultaneously decreased of specifi c airway resistance.

The increase in specific airway resistance which observed during the first and the

second week of the treatment may be resulted from the overactivity of cholinergic

function.

The activation of muscarinic receptor in airway smooth muscle caused the

bronchoconstriction (88). The cholinergic neryes are predominant neural pathway in the

airway, therefore, overactivity of this system may cause death due to airway obstruction

resulted from respiratory secretions and bronchoconstriction.

It is interesting to find that the specific airway resistance of acrylonitrile

(25mglkg)-treated group was significantly higher than control and acrylonitrile

( i mg/kg)-treated group, but later on it decreased and returned to nearly control group

especially at the nineth week ofthe treatment (after termination ol acrylonitrile treatment

forl week). It was reported that in vitro study acrylonitrile may induce the release of

acetylcholine and this effect may be responsible for the increase airway resistance in the

acute phase, repeated treatment of acrylonitrile resulted in desensitization due to loss of

its indirect cholinergic effect mediating by the release of ACtr. and/or the adaptive

changes of tracheal muscarinic receptors following repeated exposure to the released

ACh.

The effects of subchronic exposure to acrylonitrile on tidal volume, respiratory

rate, minute volume, inspiratory time and specific airway conductance were reversible.

The reciprocal ol specific airway resistance is specific airway conductance (115).

The effect of acrylonitrile 25 mgll<g on specific airway conductance during the first and

second week of treatment as showed in table l l was correlated with the increase in

specific airway resistance. when the later parameter gradually returned to normal, the

former parameter also returned to normal.
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Tidal volume of acrylonitrile ( l mglkg)-treated group seemed to be unaltered

throughout the entired experiment. At the early treatment ol acrylonitrile (25 mgkg)-

treated group, rats showed significantly lower tidal volumes than control and acrylonitrile

( I mg/kg)-treated group (table 4). The tidal volume is amount of air that moves into

lungs in each inspiration (65). It is not clear at present how acrylonitrile decreased this

value at the first week. It may be due to the increase specific airway resistance.

It has also been noticed that even in the control group tidal volume values at the

3th,2rr6 9th week were higher than the value at thelstweek, and the increased tidal

volume were attenuated when the test animals were treated with acrylonitrile 25 mglkg.

It seems that as age of the animal increased the tidal volume values increased but how

these values were increased remained unclear.

At present it was not known for certain how acrylonitrile induced the decrease

in respiratory rate, however, there was a possibility that this effect may due to the effect

of hydrocyanic acid which is one of the metabolites of acrylonitrile. Goldfrank et at. in

1990 (116) reported that after acute exposure to cyanide, the rapid slowing of

respiratory rate with subsequent profound respiratory depression was occurred. The

another possibiiity is, in the situation of airway obstruction, compensatory response to

this effect is to increase the inspiration and expiratioq then the respiratory frequency

woud be very slow (68). In this study, the inspiratory time of acrylonitrile (25mglkg)-

treated group was significantly higher than that of control and acrylonitrile (l mgtkg)-

treated group, and the specifc airway resistance was also increased in acrylonitrile

(25mglkg)-treated group at the same period of treatment. In additio4 fuchardson et al.

in i984 (117) reported that asphyxia or hypercapnia all caused increased inspiratory

drive and thus and increased in airway resistance.

The amount of air inspired per minute, minute volume, is the product of
respiratory rate and tidal volume (64). The decrease in minute volume in the rats treated
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with acrylonitrile 25 mgkg (as showed in table 6) may be the results of the decrease in

respiratory rate because the tidal volume did not altered significantly.

The significant a.lterations induced by acrylonitrile 25 mglkg are decreased

respiratory rate, increased specific airway resistance, decreased minute volume. How

these alterations occurred are not clearly understood. However, there are some

possibilities, for examples, it was reported that acrylonitrile closely resembles

hydrocyanic acid in its toxic action, by inhibitingthe respiratory enzymes of tissue, it

renders the tissue cells incapable of oxygen absorption (86). In addition, it initially

induced tachypnea and dyspnea follows by slowing the respiratory rate ; pulmonary

edema may be involved in the later stage (116). However, several studies have

suggested that toxic effects of acrylonitrile may be partially due to the liberation of

cyanide radical, since the amount of released cyanide is not enough to cause cyanide

poisoning (9,35,40).

Another possible mechanism by which acrylonitrile induced early signs of

toxicity was the induction of cholinomimetic effects. Ghanayem et al. in 1991 (36)

reported that after sing.le oral or subcutaneous dose of acrylonitrile 20, 40 or 80

mg/kgBw, the results showed the cholinomimetic overstimulation, such as salivation,

lacrimation, increase gastric secretion and diarrhea. ln our preliminary experiments,

after intraperitoneal administration of acrylonitrile 5, 25, 50,and 75 mglkg BW, the

increasing in serum cholinesterase activity was detected following acute administration of

acrylonitrile. Ageeva in 1970 (7) reported the significant increase of acetylcholine in

worker producing acrylonitrile and suggested that sweating in worker exposed to

acrylonitrile was an effect of acrylonitrile on the autonomic nervous system. ln additiorq

s)'rnptoms of irritation to the respiratory tract such as stuff nose, runny nose, coughing

which complained significantly more often in acrylonitrile workers may be regarded as

temporary, reversible symptoms induced by short-term exposure to high concentration of

acrylonitrile (49). Furthermore, the early acrylonitrile toxicity signs involving
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cholinomimetic effects were suggested to be caused by acrylonitrile or its metabolites,

other than cy arl,de (27,29).

The results from animal studies suggested that inflammatory mediators might

enhance cholinergic responsiveness resulted in the bronchoconstriction (70). However,

in the study of Ahmed in i992 (17) about the pulmonary toxicity of acrylonitrile, he

reported that after single oral dose of 46.5 mglkg in rats, there were no evidence of

vasculitis or pulmonary inflammation.

The adaptive changes of respiratory functions such as gradually decreased

inspiratory time, specific airway resistance or gradually increased of peak expiratory

flow, respiratory rate, minute volume and specffic airway conductance to nearly the

values of control group (and also showed differ from the first week of the treatment )

after long-term treated with acrylonitrile 25 mglkg, may be due to the depletion of

endogeneous acetylcholine which caused the reduction of cholinergic overstimulation

(reduction of constriction of airway, decreased glandular or globlet cell secretion). In

our preliminary experiment, it was found that after treated with acrylonitrile 25 mgkg,

intraperitoneally, the specific activity of serum acetylcholinesterase was significantly

lower from control group. However, the effects of low dose and chronic exposure of

acrylonitrile may result in increased or decreased muscarinic response to acetylcholine

depending on time and dose ofexposure (58).

In order to study the effects of subchronic exposure of acrylonitrile on the

cholinergic response of the respiratory system, at day 5 of the Sthweek of acrylonitrile

treatment, test animals were challenged with atropine sulfate l0 mg/tg BW (muscarinic

receptor antagonist) or physostignine 0.5 mg/kg BW (a reversible acetylcholinesterase

inhibitor), intramuscularly.

The results obtained from this study showed that subchonic exposure to

acrylonitrile i mdkg had no significant effects in almost all of respiratory functions

compared with control group after challenged with atropine, furthermore, all values of
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respiratory functions of control and ACN-treated rats showed no significant diferences

from control group of the 8 thweek and the 9th week of the treatment. Respiratory

functions of acrylonitrile (25 nglkg )-treated group showed significant differences when

compared with the control group.

These results indicated that at this selected dose of atropine, it did not alter the

effects of subchronic exposure to acrylonitrile 1 and 25 mglkg on cholinergic responses

of the respiratory system. However, this finding cannot be concluded that this

subckonic exposure to acrylonitrite has no effect on cholinergic response of respiratory

system because only one dose was selected.

The respiratory rate of acrylonitrile( I mglkg)-treated group after challenged with

atropine was signi6cantly higher than control group. Thus, despite the significantly

lower tidal volume, minute volume did not alter significantly (figure15,16,17). These

results suggested that minute volume is govemed by two factors, respiratory rate and

tidal volume.

In addition, respiratory rate of control and acrylonitrile-treated groups after

challenged with atropine were decreased when compared with those of the 9th week

(table 12). The study of Richardson et al. in 1984 (117), found.that atropine can block

the inspiratory related modulation of slowly adaptive firing rate of phrenic activity. At

persent, the exact mechanism ofreduction of respiratory rate is still unknown.

Furthermore, control and acrylonitrile( I mg/kg)-treated group showed the slightly

higher in the specific airway resistance and slightly lower in the specific airway

conductance when compared which acrylonitrile(25mg/kg)-treated group. Atropine is

non-specific muscarinic antagonist (118). k compete with acetlcholine for a common

binding site on muscarinic receptor, it was used as bronchodilator and can decrease the

airway resistance Qall9). The study of Gross and Skorodin in 1984 (,l20) reported

that 10 minutes after administration of atropine it can increase the specific airway

conductance in bronchospasm in asthma.

Copyright by Mahidol University



91

M1-receptors facilitated neurotransmission tkough parasympathetic ganglion and

enhanced cholinergic reflex on bronchoconstriction, M3-receptors mediated contractile

response in airway smooth muscle and are predominant receptors on submucosal gland.

Contraction of airway smooth muscle is primarily the results of stimulation of

M3-receptors by acetylcholine release from the vagus nerve (91). The activations of M1

and M3 can be blocked by nonspecifically by atropine.

By using atropine, it is anticipated that if the cholinergic functions are unaltered

by subchronic treatment of acrylonitrile, the respiratory functions in these thee test

groups should not show any significant differences from each other.

In this study, the specific airway resistance decreased following the treatment

with atropine in 25 mglkg acrylonitrile treated groups. This result suggested that the

bronchoconsrtiction mediated by the activation of tracheal muscarinic receptors may be

involved.

The effects of physostigmine is due primarily to the prevention of hydrolysis of

acetylcholine at site of cholinergic transmission (93). Stimulation of the vagus nerve

caused release of acetylchoiiae which activated muscarinic receptors on smooth muscle

and submucosal gland cells, which resulted in bronchoconstriction and mucous secretion,

respectively (78). The results of this study showed that in control and

acrylonitrile( l mglkg)-treated groups, specific airway resistance, inspiratory time,

expiratory time, relaxation time were increased while respiratory rate and specific airway

conductance were decreased. At present, the exact mechanism of reduction in

respiratory rate is still unknown.

The respkatory minute volume is proportionated to the metabolic rate and link

between ventilation of co2 (65). To increase minute ventilation, either tidal volume or

respiratory rate must be increased (121). In this study, physostigmine decreased the

respiratory rate but this etrect did not cause a reduction in minute volume because there
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was a significant increase in tidal volume in all test groups as compared to control

groups.

In control and acrylonitrile( 1mg/kg)+reated group, the interesting results were

observed following physostigmine challenge, instead of lowering ofthe peak expiratory

flow due to the increase in specific airway resistance, it was found that peak expiratory

flow were increased (table l2).

A significant increased in the peak expiratory flow rate indicated that the airway

obstruction is at least partially reversible (68). The possible mechanism which may be

involved in the increased in peak expiratory flow are as follows : In airway obstruction,

there is an increase in residual volume and functional residual capacity because of air

trapping (68), and in the enlarged lung the bronchial are held open partially via elastic

pull on the outsides by lung structural elements (87), therefore, the increase in peak

expiratory flow rate through the airway may increase easier.

The another possible mechanism may be due to the consequences of enhanced

concentrations of acetylcholine at motor endplate of skeletal muscle which innervated by

nicotinic cholinergic fibers (122). The accumulation of acetylcholine caused contraction

of expiratory muscle which pushed the diaphragm upward and pulled the rib cage

downward (65). The force of muscle contraction is required to create a pressure to push

air out of the lung. With increase the airway resistance, the elastic recoil force may not

be great enough to expel all of the air available for expiration. At the start of the next

inspiration the funtional residual capacity will be greater. By increasing the functional

residual capacity and has greater elastic recoil, this increased recoil force can provide

enough force to expel the tidal volume ( l2l ) So the increase in peak expiratory flow is a

complex parameter and several factors are involved.

The gross behavioral observations revealed that in acrylonitrile (25mglkg)-treated

group, the signs of salivation, lacrimation, dianhea(in some rats) were present about l0

minutes after acrylonitrile treatmenrt. These effects began at the second week and
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throughout 8 weeks of the treatment. Ghanayem et al. in 1991(56) also found these

signs occur early after acute acrylonitrile subcutaneously administration and they

suggested that these signs are acetylcholine-like toxicity. Furthermore, the preliminary

experiments of this study found the increased acetylcholinesterase activity after acute

acrylonitrile treatment and reduced at the 8th week of the treatment. These observations

suggested that the increase in enzyme activity may be the consequence of increased

endogenous acetylcholine level during early acrylonitrile treatment, and in the longer

treatment the adaptive change occurred.

It is interesting to find that the respiratory functions of acrylonitrile(25mglkg)-

treated group also showed adaptive changes which reached nearly control values after 8

weeks ofthe treatment.

The mechanism involved in adaptation has been studied by Wecker et al. in 1977

(112) They suggested that, changes in the presynaptic mobilization and storage of

acetylcholine were the altemative mechanism for the development ofthe tolerance to the

ckonically reduced acetylcholinesterase activiry.

At the Sth week of the treatment, the results showed that rats in acrylonitrile

(25mglkg)-treated group have only slightly altered in the respiratory functions after

challenged with physostigrnine which is quite different from values of control and

acrylonitrile( I mg,&g)-treated group. Except the respiratory rate, minute volume and

inspiratory time, all values of respiratory functions of acrylonitrile(25mglkg)-treated

group after challenged with physostigmine showed no significant differences when

compared with that of control group at the gth -6 9th week of acrylonitrile treatment.

Physostigmine produced accumulation of acetylcholine at the site of cholinergic

transmission resulting in overstimulation of muscarinic responses at autonomic effector

organs (93). The activation of muscarinic receptors in the respiratory system caused

bronchoconstriction and increase bronchial secretion. These effects were found as

expected in control and acrylonitrile( 1mg/kg)-treated groups. By contrast,
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acrylonitrile(25m9lkg)-treated group showed only slightly alteration in respiratory

functions which indicated the decrease response of muscarinic effect on airway smooth

muscle.

Ghanayem et al in 1991 (56) reported that acrylonitrile may produced the effects

on the cholinergic system at the receptor level. The preliminary experiments have been

conducted and found that chronic exposure to acrylonitrile induced alterations in tracheal

muscarinic receptors both inoeased and decreased muscarinic response to acetylcholine

may be observed depending on time of exposure (58). ln this study subckonic exposure

to acryloniyrile 2smgkg BW for 8 weeks resulted in the decrease in muscarinic

responses.

The possible mechanism of the decrease muscarinic response or the

desensitization of muscarinic receptor may be due to the prolonged-exposure of

receptors to a released neurotransmitter which can lead to a decrease in the number of

receptors on the cell surface and thus decrease the sensitivity of the cell to further

stimulation (100). The decrease in receptor number afters long+erm agonist exposure

have been reported in neural cell line (109), heart cells (110), and smooth muscle (111).

Halvorsen and Nathanson in 1981 (l0 ) have suggested that direct administration

of muscarinic agonist in vivo could lead to the decrease in receptor numbers and

physiological responsivenes in dose and time dependent manner. The decline in

muscarinic receptor sites caused by chronic treatment of cholinomimetics is accompanied

by a decrease in physiological sensitivity to cholinergic stimulation (1 13,1 14).

ln smooth muscle after continuing presence of muscarinic agonist for several

hours, the decrease in muscarinic acetylcholine receptor and the decrease in maximum

contractile response to acetylcholine were obtained (1 1 1).

Jett et al in 1993 (9a) has reported that, the reduction of m3 subtlpe of mACh

receptor without change in its affnity is consistant with the reduced mRNA expression

ofthe m3 subtype observed in l4 days parathion exposed mice.
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In this study, the physostigmine challenge in acrylonitrile (25 mglkg) group

suggested that the cholinergic function in this acrylonitrile treated group is subtlely

decreased which could not be detected clearly by muscarinic antagonist, but it would be

revealed upon full activation induced by physostigmine. At present, it is not possible to

explain what is the exact mechanisms of reduced physostigmine response in acrylonitrile-

treated group. Further studies are needed to elucidate the mechanism of acrylonitrile

induced reduction in cholinergic responses following the administration of

physostigrnine.
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SUMPttRY

The subchronic exposure to acrylonitrile I mg/kg, once daily, 5 days per week,

for 8 weeks had no significant effects on respiratory functions when compared

with control group. The subchronic exposure to acrylonitrile 25 mglkg altered the

body weight of the rats this observation may be due to acrylonitrile-induced alterations in

mood which directly or indirectly affecting eating behaviors. In addition, at the dose of

25 mgkg, the results showed the significant alterations in all the respiratory functions

except expiratory time and relaxation time, which observed markedly at the first and

second week of the treatment, however, these values gradually change to nearly those of

control groups.

The other effects of acrylonitrile are related to cholinergic overstimulation

including salivation, lacrimation and diarrhea. In rats ireated with acrylonitrile 25 mgkg,

these effects were detected about ten minutes following acrylonitrile treatments, began at

the second week and could be observed throughout the 8. weeks of acrylonitrile

treatment. The alterations in respiratory functions of acrylonitile 25 mdkg at the first

and the second week may due to the release of acetylcholine which resulting in

cholinergic overstimulation. The adaptive change following the repeated treatment of

acrylonitrile may due to loss of its indirect cholinergic effect (mediating by the release of

acetylcholine).

To detect whether long-term exposure to acrylonitrile can induce the alterations

in respiratory functions related to cholinergic nervous system, rats at day 5 of the 8th

week of acrylonitrile treatment were challenged with atropine sulfate (10 mglkg, Im.)

or physostigmine (0.5 mglkg, Im.) 30 minutes before measurement of respiratory

functions.
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After atropine challengd, acrylonitrile (25 mgkg)-treated group showed no

significant difference in respiratory functions as compared to the control group, except

for the specific airway resistance. Similar results were found in the acrylonitrile

( l mglkg)-treated group and challenged with atropine, except that there was a significant

decrese in tidal voume. However, there was no alteration in minute volume due to the

significantly increase in respiratory rate. These results show that minute volume is

govemed by two factors, respiratory rate and tidal volume.

After physostigmine challenged, acrylonitrile 1 mdkg treatment showed the

decrease in specific airway conductance and increase in almost all of respiratory

functions except the respiratory rate. Physostigmine also exhibited the similar pattem of

influences on respiratpry functions in acrylonitrile (25 mglkg)-treated group but mostly

to the lesser extent than acrylonitrile 1 mg/kg treatment. In addition at the dose of

acrylonitrile 1 .g/kg treatment after physostigmine challenged, peak expiratory flow

showed signifcant increase whi.le the specific airway resistance also significant increase

at the same time. The mechanisms which are responsible for these observations are not

known at present, further studies are needed.

The results obtained after physostigmine challenged in acrylonitrile 25 mgkg

suggest that the cholinergic functions in this acrylonitrile treated group is subtlely

decreased which could not be detected by muscarinic antagonist.

The results of this study indicated that the alterations on respiratory functions

after subckonic exposure to acrylonitrile is dose and time dependent. Acrylonitrile 1

mg/kg treatment had no effect on respiratory functions and muscarinii response to

acetylcholine as tested by challenge with atropine and physostigmine, on the other hand,

the acrylonitrile (25mgllg)-treated group showed the possible involvement of the

decrease in cholinergic function. Further studies are needed to elucidate the mechanisms

of acrylonitrile induced reduction in cholinergic responses following the administration of

physostigmine.
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