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INTRODUCTION
 

The existence of cholinesterase (ChE), an enzyme capable of hydrol­

yzing acetylcholine into choline and acetic acid was first suggested in
 

1914 (Dale, 1914), was established in 1926 (Loewi and Navratil, 1926)
 

and has since been confirmed by many investigators. Evidence indicates 

that ChE is not a single enzyme, but can be divided into true ChE (acetyl­

cholinesterase, AchE) and pseudo Ch7 (PchE). These two enzymes essentially 

differ in their function and distribution (Alles and Hawes, 1940; Mendel 

and Rudney, 1943; Augustinsson and Nachmansohn, 1949). The true ChE is 

present in the nervous system, in muscles, and in glands and is bound to 

the cell membrane of erythrocytes (Croft and Richter, 1943). It has more 

affinity to acetylcholine than to similar choline esters as butyrylcholine 

or benzoylcholine. Pseudo ChE occurs in plasma, and also liver, pancreatic 

and nerve tissue. It can non-specifically hydrolyze choline esters, 

including acetylcholine (Augustinsson, 1957).
 

Organophosphorous compounds inhibit ChE, and share certain fundamental
 

characteristics. Their success in pest control depends on selective
 

toxicity. Structurally, they contain the phosphorous radical ina com­

bination that permits them to non-competitively inhibit ChE (Heath, 1961;
 

O'Brien, 1967). Pharmacological effects of organophosphorous compounds 

result from excessive accumulation of acetylcholine at nerve synapses and 

neuromuscular end plates (Goodman and Gilian, 1970). 

Guthion (Azinphosmethyl) has been used successfully for alfalfa with 

a tolerance of 5 PPM (Mull, 1972). Inthe Spring of 1972, however, itsi 

use on the first cutting of alfalfa gave rise to levels in hay that were 

many times the tolerance level. Feeding alfalfa with this great amount I 



of Guthion to lactating animals would cause excessive residues in the 

milk and might result in the poisoning of the animal. Feeding this hay 

to non-food animals. suchias ,the horse could be one of the possible uses 

of this hay. 

There have been numerous studies concerning the toxic effect of 

Guthion in different species of animals, but no comparable studies have 

been reported in horses. Therefore, the objectives of this investigation 

were two fold: first, to establish the tolerance level of Guthion in 

horses by feeding different doses and secondly, to determine the time 

course for the recovery of the ChE activity of the red blood cell (RBC) 

and plasma after depressions at the higher doses of Guthion. 
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LITERATURE REVIEW
 

Chemistry of Azinphosmethyl (Guthion Gusathion 14)
 

0, O-dimethyl S(4-oxo-1,2,3, - benzotriazin-3[4H]-ylmethyl) phosphodithioat
 
0 

Azlnphosmethyl has a molecular formula C1 0 H1 2 N3 03 PS2. It was develope 

by W. Lorenz and introduced in 1953 by Bayer Leverkusen under the code num­

bers "Bayer 17, 147" and "R 1482". 

The compound is made by the reaction of N-chloromethyl benzazimide, 

formed by the reaction of benzazimide with paraldehyde and thionyl chloride 

with O, O-dimethyl hydrogen phosphorodithiote in the presence of an acid­

binding agent such as sodium bicarbonate. It forms white cryst.,s of 

- 4m.p. 730 to 740 C; v. p. below 3.8 x l0 mu Hg in 200 C. Its solubility 

in water is 1:30,000 at room temperature and it is soluble in most organic 

solvents. It is unstable at temperatures above 2000 C and is rapidly hyd­

rolyzed by cold alkali and acid (Martin, "h.2).
 

Pharmacological Action
 

The most important effect of insecticidal organophosphate is depres­

sion of cholinesterases. 

The AchE specifically hydrolyses acetylcholine (Ach). Ach stimulates 

the parasymphatetic nervous system, and is necessary for the transmission 

of nerve impulses from preganglionic fibers to autonomic,ganglia, from
 

post ganglionic cholinergic nerves to the heart and secretory cells, from 

motor fibers to straited muscles, and from certain structures within the 

CNS. Under physiological conditions, Ach is almost immediately hydrolyzed 

by the AchE. If this enzyme is inhibited, Ach cannot be hydrolyzed and 



it will accumulate. A moderate inhibition of AchE results in a non­

physiological increase in Ach which stimulates the skeletal muscle 

function (muscl& t chng)n-Wiif a strong inhibition causes complete 

dimunition of,muscle function (paralysis). Symptoms of poisoning caused' 

by organophosphates thus stem from an increase in endogenous Ach resulting 

in excessive excitation of the parasymphatetic nervous system (Kimmerie 

and Lorke, 1968;! Goodman and Gilman, 1970). 

Phosphorylation of Enzyme
 

Theactlve'cehter dfAchE consistsiof two parts,, an esteratic and an 

anlonic (6negtiVe The latter binds 'the quarternary nitrogen ofpart). 

Ach; the esteratic part effects'its~hydolysis.-' 

Thie i inhibition of AchE produced by the~organoph6sphate is a kinetic 

reaction 'of the first order, therefore, the magnitude of enzymatic inhib­

ition Is proportional -to the concentration'bf the inhibitor. The rate of 

reaction increases with temperature.
 

Interaction between organophosphate and AchE results inthe formation
 

of pho'sph'orylated enzyme complex. In c6ntras't to acetylated enzyme complex 

the phosphorylated enzyme is resistant to hydrolysis 'and this causes an 

irreversible loss'of AchE activity (Kimmerie and Lorke, 1968). 

Although, the significance of AchE inhibition of red blood cells and 

pseudo CliE. f'plasma caused by organophosphates isnot yet clearly under­

stood, the fact that these enzymes are inhibited inthe same manner as,
 

1AchiE at'the neuromuscular and glandular sites, serves as a useful purpose 

the 'sense thi'the'extent'of their inhibition-in case of organophospbiate 

posf6son ng provides a genuihe&indication of'AhE; depression at the tissue 

levels (Freedman 6et 1'' 949 



Activation process
 
Organophosphates containing sulfur at3ms (P=S), suchas Guthion,
 

ParathionPMthylparathiasanGuthion,
 

Parathion, M~thylparathion and Malathion are first converted into their
 

oxy-analogs (P=O) before inhibiting the activity of AchE. The microsomal 

enzymes of liver and also to a lesser extent, of intestinal lumina and
 

kidneys play a major role in bioactivation of these organophosphates
 

(Murphy and Dubis, 1957). In vitro studies carried out by various ihves­

•tigators have provided evidence that the 'inhibitory effects of oxy-analogs 

of thiophosphates on AchE is considerably more than that of the parent 

compounds (O'Brien, 1960; Heath, 1961; Hitchcock and Murphy, 1967). 

Breakdown 

Another metabolic fate of thiophosphates is their hydrolysis, affected 

by phophatases. Those phosphatases were previously given specific names, 

e.g. Sarinase for Sarin; DFP-ase for DFP; Malathionase for Malathion and
 

Guthionase for Guthion (O'Brien, 1960; Heath, 1961).
 

Distibution and Excretion
 

Guthion is metabolized in the body. Its various metabolic products
 

are Gutoxon, anthanilic acid, mercaptomethyl befizavimide, methyl benzazi­

mide'sulfide. The} are rapidly distributed in animal tissues and fats 

.and later excreted largely in urine in the form of conjugates (Everett 

et. al., 1966). 

Toxicity of Guthion in different species of animals 

The maximum tolerable dose of Guthion was determined in newborn calves, 

yearling cattle, sheep and goats. Calves did not manifest any sign of 

Guthion toxicity at a dose of 0:5 mg/kg body weight and inyearling cattle
 

no toxicity was noted even at a'dose of 2.5 mg/kg. The maximum non-toxic 

dose tested in sheep was 5.0 ma/kq. Goat0were found unaffected by Guthion
 



at a dose of 2.5 mg/kg (McCarthy et. al., 1969),..
 

Itwas also demonstrated by White et. al. (1968) that an oral daily
 

dose (3.6 mg/kg) of Guthion produced toxic signs in heifers after six
 
days of adminstration.
 

The oral LD50 doses of Guthion (50% wettable powder) in adult male
 

and female rats were 14 mg/kg and 12.5 mg/kg, respectively (Report No.
 

24933, Chemagro Corp., Supplement No. I, 1971).
 

When mature non-pregnant ewes were fed with pelleted alfalfa diet
 

containing 50 PPM Guthion for ten weeks, the activity of AchE decreased
 

gradually. It was suggested by the authors that it took ten times the
 

tolerance dose to alter the AchE activity (Lindahl et. al., 1972).
 

The 	oral "no effect" dose of Guthion on ChE activity was investigate
 

in human volunteers. Inthis study, the activity of ChE of plasma and 

erythrocytes was measured twice weekly for a period of four weeks. The 

following doses of Guthion were administered by oral route: 1, 1.5, 2, 

?.5, 3, 3.5, 4, 4.5, 6, 8, 9, 10 and 12 mg/kg. There was no depression 

of ChE activity,at any of the above dose levels (Reports Nos. 23886 and 

25553, Chemagro Corp., Supplement No. 1, 1971). Similarly, Rider et. al. 

(1967) also failed to show the effect of Guthion on plasma and red blood
 

cell ChE activity at the lower doses.
 

Signs of Toxicity 

The signs of organophosphate poisoning are accounted for by 4 depres­

sion of AchE in the various parts of the nervous system:* 

a) signs similar to those caused by muscarine poisoning are due 

toan excessive accumulation of Ach at the postgangl Ionic 

cholinergic nerves. 
'i'li 	 I. 

b) 	signs similar to those of nicotine poisoning are due to the action
 

of Ach on the.parasympathetic ganglia and motor erd plates.
 



c) signs of CNS toxicity include excitation and terminal inhiLition. 

The dose and'method of administration determine to a great extent the
 

signs', intensity, onset and duration of organophosphate poisoning.
 

The initial manifestations of toxic signs are like those caused by
 

muscarine poisoning, such as' anorexia, nausea, epigastric and substernal
 

pain. abdominal spasms, increased peristalsis, vomitting, diarrhea, saliv­
'ationf
, bradycardia, profuse perspiration, pallor and dyspnea. Signs,
 

sIimilar to nicotine poisoning usually become manifest as soon as the mus­

carine-like effects are very marked, and consist of muscle twitching and
 
generalized spasms with disappearance of reflexes.
 

Depression of AchE of the CNS at first results in restlessness,
 

discomfort, giddiness, anxiety, severe headaches, sleeplessness, ataxia,
 

tremor, confusion and ultimately resulting incoma (Kimmerie and Lorke,
 

1968; Goodmah and Gilman, 1970; Goth, 1972).
 

Respiratory disorders are the primary cause of death. They consist
 

of broncoconstriction accompanied by heavy secretion of bronchial mucus
 

as well as paralysis of the respiratory musculature and the respiratory
 

center (Kirrmerie and Lorke, 1968).
 

The toxic sign§ of four organophosphate insecticides in newborn
 

calves, yearling cattle, sheep and goats were those usually associated
 

with ChE inhibition. Generally, nervousness was the first manifestation.
 

This was folloWed by the appearance of slight frothy salivary accumulation
 

on the lips. As toxicity progressed, muscular trembling and excessive,
 

talivation'with drooling were observed. Uncontrolled muscular trembling
 

was accompahied'by'convulsive spasm in calves, protrusion of the tongue,
 

abdominal cramps, and diarrhea were also observed. The stools frequently 

h6d on the surface. As toxiity progressed further, 



ataxia became evident, and the test animals, were unable to stand. 

Exhaustion occurred, and then death. At necropsy, the gross pathologifc
 

change most consistently observed was pulmonary congestionnMcCarthy 

et. al., 1969). 

The predominant signs of mild to moderate organophosphate poi3oning 

in horses were of gasLro-intestinal origin, including colic and diarrhea. 

Signs of toxicity in horses differ from those of ruminants. Toxic sig s 

in the latter are usually characterized by excessive salivation, dyspnea, 

stiff-legged walking, weakness and diarrhea. In horses, the signs are 

usually colic, digestive disturbances, muscular weakness, salivation and 

dyspnea (Younger, 1965). 

Cholinesterase in RBC and plasma, . I 

Alles and Hawes (1940) demonstrated two types of ChE's inblood, 

Pseudo ChE and true or AchE. The former was associated with serum and the 

latter with red blood cells. Itwas also shown that serum contains a 

mixture of PchE and AchE (Mendel, Mundell and Rudney, 1943; Augustinsson, 

1948) with PchE predominating inman and horses, while AchE in the rabbit. 

The sera of ruminants, birds and fishes have almost no cholinesterase., 

AchE is deficient, or absent from the erythrocytes of birds, fish and cats, 

and this is compensated for by the presence of a comparatively larger 

amount of AchE in the plasma of these animals (Mendel, Mundell, Rudney2 1943 

Whittaker (1951, 1953; Mounter and Whittaker, 1950) have,reportedi that 

cholinesterases of erythrocytes and brain are most active towards cholines 
I1 11 1 , " I " 'II . , 'I I 

which have a chemical structure similar to that of acetylcholine. Plasma 
ChE's exhibit highest activity towards those cholines which resemble 

butyrylcholine in chemical structure and Whittaker, 1950)..TheeStruge 

presence of a butyryl ChE ,is a characteristic of man, dog, cat, horses 



and guinea pig plasma (Augustinsson, 1959).
 

Studies on the specificity of horse plasma and erythrocyte cholines­

terases (Struge and Whittaker, 1950; Mounter and Whittaker, 1950) reveal 

that cholinesterase of horse plasma has been found to resemble human plasma, 

in so far as its capacity to hydrolyse large numbers of aliphatic esters. 

These results were consistent with the hypothesis that the closer the
 

structural configuration to butyrylcholine the greater the rate of hydrol-
S.
 

ysis. ChE of horse erythrocyte thus closely resembles ChE of human eryth­

rocytes with respect to specificity for substrates and physical properties. 

Ithas also been reported that ChE activity of horse erythrocytes was 

approximately one-fifth that of human erythrocytes (Mendel and Rudney, 

1943). Activity of acetylcholinesterase seems to vary in different species 

of animals. For example, it decreases in mammals in the following order: 

man, cow, guinea pig, horse, dog, sheep, rabbit, rat and cat (Augustinsson, 

1950; Zajicek and Datta, 1953). 

The presence of AchE in blood suggests that this enzyme performs an 

inportant physiological function in the body. Possibly by regulating the 

amount of acetylcholine in the circulation (Mendel, 1943; Gerebtzoff, 1959). 

In an attempt to explain the role of erythrocytes AchE, it was pointed out 

that this enzyme was indispensable to the integrity of red corpuscles. 

Holland and ""Greig (1950) concluded, that AchE is essential to "permeability"1 . 

to Na and K ions. Hajdukovic (1955) showed that AchE offers a certalin 
t If 

degree of resistance to irradiation and this may have some importancej
 

regarding its physiological role in the body. Pseudo ChE being absent
 

from the blood of certain species, is apparently not indispensable. It
 

could nevertheless play a minor role in controlling the level of acetyl­

choline in the blood (Mendel, 1943).
 



InhiBition and Recovery of Cholinesterase Activity
 

Evidence has been accumulated to support the ,iew that inhibition of
 

esteras'e activity by organophophorous compounds is the result of phos­

phorylatlori of-the center of the enzyme (Aldridge, 1953';'Aldridge and
 

Davison, U53). The kineticsof inhibitoni, the reversal of inhibition'
 

and the apparent energies of activation provide good evidence'that true 

cholinesterase is readily phosphorylated by organophosphorous coripounds.
 

The phosphorylation of pseoido cholinesterase by this group of compounds
 

is less complete. Davison (1955) has presented evidence indicating that
 

PChE, like true ChE, isphosphorylated by organophosphorous compounds
 

and that the stability of the phosphorylited enzyme depends upon the
 

type'of enzyme inhibited and the organophosphate used.
 

It has been shown tha PchE can be al'most completely inactivated 

without the development of any signitficann"tVsigns of poisoning (Mazur and 

Bodansky, 1946; Hawkins and Gunter, 1946; Hawkins and Mendel,' 1949) while
 

a complete inhibition of.true ChE is invariably fatal.
 

Several mechanisms are respohsible for tha recovery of ChE activity 

followig poisoning by organophosphate compounds (Blaber' and Creasey, 

,1960; Davison, 1955). If ChE inhibition is irreversible, recovery of1 

'ChE results from de novo synthesis of enzyme. Ifthe inhibitor-enzyme
 

complex is unstable, retuIrn of ChE activity maf follow hydrolysis of the 

phosphorylated enzyme. Recovery of the,ChE activity may also result from
 

a combination of both processes. . -

If the freshly inhibited and completely reactia..ChE is st d,
ual,.c ,, ' ba a gs., n o '4.,',l .4 1 ' " , 

~radually changes into a form which can no longer be reactivated by
 

oximes (Davies and Green,'1956; Wilson et. al., 1955; Hobbi1er, 1956).
 

This may be due either Lo the migration of the phosphoryl group to a 'more
 

stable position in the inhibited enzyme,(Wilson et; al., 1955; Hobbiger,
 



1956), or to loss of one of the substituents'on the phosphorous atom 

which would thenacqu'ire'a nega6ve charge and consequently become resis­

tant to nucleophillic attack (Oosterbaan et. al., 1958). The change which
 

occurs during storage is referred to as "aging" although scmq authors have 

in fact referred to it as a transphosphorylation process (Hobbiger, 1956;
 

Jandorf et. al., 1955).
 

Davison (1955) postulated that there are two forms of inhibited cholin­

esterase with different stabilities: the freshly inhibited enzyme, which
 

can undergo spontaneous reactivation, and the aged which cannot. The
 

first form may undergo spontaneous and complete conversion into the second
 

form.
 

'Blaber an. Creasey (1960) reported that the recovery of sheep erythro­

cyte occurred in two stages, a rapid partial recovery being followed by a 

slower linear return to normal activity. During the first stage of the 

recovery, spontaneous hydrolysis and aging of the cholinesterase occurred 

;;imultaneously. The characteristics of this stage depended on the inhibitor 

used. The second stage of the recovery was correlated with new red blood 

cell formation and was independent of the inhibitor used.
 



MATERIALS ANDMETHODS 

Horsesfed with 5 and'15 PPM Guthion for 30 days
 

Nine adult horses, free from disease were obtained fron the Univ­

ersity of California, Veterinary Teaching Hospital, fromi owners and
 

dealers. Physical condition of the horses varied from good'to fair, but
 

most of them were in good condition. The horses were weighed and each
 

was kept in a separate stable throughout the length of the experiment.
 

The weights of the horses are shown in Table I. They were carefully
 

examined by a Veterinarian at the beginning and at intervals during the 

experiment for characteristic signs of Guthion poisoning. The horses 

were divided into three groups: control, 5 PPM and 15 PP;1.
 

Alfalfa hay from a single lot was used for the experiment. Hay,
 

samples were analyzed for Guthion by gas chromatography. No Guthion was
 

detected in any of the samples.
 

The daily feed intake for each horse was taken as the difference 

between the weight of the hay offered in the morning and the weight which 

was left uneaten at night. The average feed intake for each animal was 

-determined from two consecutive daily feedings. This value was then 

assumed to be constant over the feeding period and formed the basis for 

calculating the amount of Guthion. fed per day. These values are shown 

inTable I. 

Administration of the drug 

The Guthior, was furnished by Chemagro Company as Guthion Wettable 

Dry Powder containing 54%.of active azinphosmethyl. 

The compound dissolved in acetone was mixed with Omalene(R)(Purina 

horse chow) and fed in an aluminum bucket once a day for thirty day's. 
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Since Guthion decomposes easily when put intolsdlutiohn'jfrpshdoses were 

weighed daily. The horses appeared to:enijoy the mixture'and quickly 

"consumed tlhe'daily 'doses.' It was necessary that the acetone volatilize 

first. Control horses received Omalene( without Guthion. Alfalfa hay 

and water were offered ad libitum to all animals.
 

Principle of Spectrophotometric method for Cholinesterase assay:
 

Cholinesterase activity was measured by the procedure developed by
 

Ellman et. al. (1961). Acetylthiocholine chloride was used as a substrate
 

and Dlthiobisnitrobenzoic acid (DTNB) as the complexing reagent which
 

reacts with thiocholine and produces yellow color. The rate of enzymatic
 

hydrolysis of acetylcholine was measured by the increase incbsorbancy at
 

416 mu due to the yellow color formed with thiocholine and DTUB. All 

determinations were carried out at room temperature using a Beckman DU
 

Spectrophotometer equipped with Gilford recording Phptometer and Minneapolis-


HoneyWell recorder. The enzyme activity was linear for a period of 15
 

minutes and the activity was calculated as a change in the optical density
 

for the initial 5 minutes per 2.95 ml of diluted whole blood or plasma.
 

Chemical Reactions involved:
 

0 __c+ 

(&beETV LT1AI 0)CVAO1.1 se) (T"J OCIAOLINS) 

ooo 

C00-9
 

cob + 

4 . 
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4,WrkIngPrbcedure:c:' 

A., Animal bleeding
 

Horse blood was collected ,from the, juular vein in heparinized 

vacutainers. Blood sainples were taken on 3 consecutive daysprior to 

the administration of Guthion in order, to determine control values of 

cholinesterase activity in whole blood and plasma. During the experiment, 

samples of blood were collected, and analyzed for cholinesterase activity 

3,7, 14, 21, and 30 days afterfeeding Guthion.: , 

B. Measurement of cholinesterase activity of whole blood,. plasma 

and RBC.,
 

The whole blood was centrifuged for ten minutes of,500, g in a refrig­

erated Sorvoll RC-2 type Centrifuge at 0.4oC. The plasma was carefully 

aspirated and diluted to the original volume of the whole blood with 

phosphate buffer (pH 8.0,;OIM) In a ratio.of 1:600, (e.g., 20 ul. of whole 

blood or plasma + 11.98 ml. PO4 buffer). 2,95ml. of the diluted sample 

were pippetted into a cuvette. To this, 25 ul . of DTNB (0.01M)was added 

and the cuvette was placed in the spectrophotometer chamber. The slit of 

the spectrophotometer was adjusted so that the absorbance in the cuvette 

was zero at 416 mu. Twenty-five ul. of the substrate (0.075.) was then 

added to this cuvette. Thereafter; in increase, ii absorbance was continu­

ously ronitored for at least ten minutes. Cholinesterase activity was 

expressed as a change in optical density for the initial five minutes 

(AOD/5 min.).
 

Whole blood and plasma cholinesterase vhlues were read directly from 

the' c6rding while RBC cholinesterase activity was taken as the difference
 

of these two values.
 

http:ratio.of


Rats 'rfed-with 5, Iand 25 m ton 

Afteri the 5 PPM and 15 PP4 experiment in horses', thelpotency of the 

Guthion used was in: question. Oral toxicity of Guthion in rats was there­

fore testei& 

Male Sprague-Dawley rats weighing 350 400 grams were used. The rats-


were divided into four groups: control, 5, 15 and 25 mg Guthion/kg. The
 

Guthion, dissolved :in propylene glycol, was administered orally with
 

feeding needles. 
As soon as the animals showed symptoms of organophosphorous 

poisoning, like fasciculation and dyspnea, they were decapitated and their 

blood was collected in heparinized test tubes. The surviving animals were 

observed for six more hours and then decapitated.
 

Cholinesterase activity of the 
rat blood was determined by the method 

described above.
 

Horses fed with 25, 50, 75 and 100 PPM Guthion for 7 days
 

Twelve horses were obtained from the University of California, at
 

Davis, School of Veterinary Medicine. They were placed into four different 

igroups. 
 Each of the three horse3 in group one were fed with 25 PPM Guthion,
 
;group two 50 PPM,; group three 75 PPM, and in'group four 100 PPM as described
 

;previously. In order to determine the ChE activity in these horses, blood 

samples were taken after 2, 5 and 7!days of feeding Guthion. Recovery,
 

of ChE activity was determined afte' 2, 7, and 10 days Do t-treatmpntI 



rable 1. Animal Dato: Animai no.; age; weight; hay consumption;
 
Dose (PPM), feed consumption basis; -dose, mg/kg body weight.
 

Dose 
(PPM) 

(hay consump-
tion lasis) 

Animal 
Number 

Age 
(Year) 

Animal 
Weight 

(Kg) 

Average 
Animal wt. 

(Kg) 

Average 
Hay 

Consumption 
(Kg/day/horse) 

Average 
Hay 

Consumption 
(Kg/day/group) 

Total daily 
Dose of 
Guthion 

(Ng) 

Daily 
Dose 
(mg/kg 
b.w.) 

0 
0 
0 

1 
2 
3 

15 
16 
4 

:-?468 
430 
-443, 

447 
9.0 
9.0 
9.5 

9.16 
, 

0 
0 
0 

0 

5 
5 
5 

4 
5 
-6 

12 
20 
5 

428, 
-496-
-432' 

- 452 , 
8.5 
9.0 
9.5- -85 

9.00 
- 85 
" 85 0.118 

15 
15 
15 

7 
8 
9 

9 o 
12:. 
16 

457 
439-
432 

451 ­
9.0 
9.0 
9.0 

9.00 
- 255 

255 
255 

. 65 

25 
25 
25 

10 
11 
12 

9 
8 
6 

-435 
400 

-442 

6 
426 

9.0 
-9.5-
9.0 

19.16 
425 
425 
425 

. . 
1.00 

50 
50 
50 

13 
14 
15 

10 
4 
7 i 

K482 
p404

432 
432 

2 

9.5: 
8.5 
9.5 

9.16 
850 
850 
850 

1;97 

.75 
75 
75---

16 
17 
8-

6 
12 
_6 

432 
432 
409 

424 
9.5 
9.0 
8.5 

9.00 
1275 
1275 
1275 

3.00 

100 
100 

19 
20 

16 
7 

459 
409 
- ^r 

430 
8.5 
9.0 
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RESULTS
 

Experiment on horses fed 5 and 15 PPM Guthion
 

It was found that although there was a considerable difference in 

cholinesterase activity among the three groups of horses, there was never­

theless,6 remarkable constancy of both the red blood cell and plasma cholin­

esterase values within each group of animals. This demonstrates the non­

toxic effects of Guthion at these doses. Itwas also found that none of
 

the horses exhibited any physical signs of toxicity during the 30 day feedin<. 

trial period.
 

The effects of 5 and 15 PPM Guthion on red blood cell and plasma
 

cholinesterase activity of individual horses are shown in Figures 1 and 2. 

Table II shows the composite data of the control and the Guthion fed
 

horses at the above doses.
 

Experiment on oral toxicity of Guthion in adult male rats 

At the 5 mg/kg dose, no physical signs of poisoning were observed, 

although there was almost a 20 percent decrease in RBC and plasma cholin­

esterase activity., The 15 mg/kg dose induced signs of poisoning in 50 

.percent of the rats and a corresponding 50 percent decrease in cholines­

terase activity. At the highest dose (25 mg/kg) of Guthion, all the rats 

,,exhibited physical signs of poisoning. A 75 and 70 percent decrease in 

RBC and plasma ChE activity, respectively, was observed in thr-'3e rats., 

The symptoms of toxicity observed were: fasciculation, lacrimation, defec­

ation, ,urination, difficulty in"breathing and death.
 

The effects of 5,15 and 25 mg/kg Guthion are shown in'Table.III!
 

This experiment provided evidence that the Guthion used during the
 

first experiment in horses was as potent as claimed by the supplier. 



Experiment on horses fed with 25, 50, 75 and 100 PPM Guthion
 

It was observed that 25 PPM Guthion after five days of feeding caused
 

5 percent depression of RBC ChE activity and stayed almost at the same
 

level at the end of the experiment. However, at this dose level, no depres­

sion of the plasma ChE activity was observed. Itwas found that 50, 75,
 

and 100 PPM Guthion caused a decrease in ChE activity of both the RBC and
 

plasma. 
The activity of the former was more depressed than that of the,
 

latter. The RBC ChE activity after seven days of Guthion feeding dropped
 

to 61, 53 and 50 percent of pretreatment control at 50, 75 and 100 PPM,
 

respectively. The plasma ChE activity, on the other hand, dropped to
 

75, 58 and 53 percent at the corresponding level of Guthion feeding.
 

At no time during the seven day feeding period did any horse exhibit
 

physical signs of organophosphate poisoning. No attempts were made to
 

Induce physical signs of toxicity in the animals by continued feeding of
 

Guthion.
 

The f.Ffects of 25', 50,'75 and100 PPM'Guthion on the RBC and plasma 

ChE activity of individual i6rses'are shown 'inFugures 3, 4, 5 and 6, 

respectively. Table IV shows the composite data'of the four groups of 

lorses. 

All plasma ChE activities recovered after seven days post-treatment, 
except for 100 PPM, which still had 8 percent depression. Only the RBC
 

ChE activity at 50 PPM have recovered completely after'10days post-treat­

me'nt, 75 and 100'PPM still'showed 7 and 16 percent' depressions, respec­

tively." 

Figures'4, 5 and '6show the post-treatm6nt recovery of' RBC and plasma 

ChE activity of individual horses after feeding 50, 75' and 100 PPM Guthion. 

A composite data for these three groups of'horses is'"shown in Table V. 

It can be seen that first, there' is a' rapid partial re~o'Very of both RBC 



ahlPlasnla hE'6q ll ' . .
 
nE iit ,yfolfwdd4, 
 s ower-ere urito control values. 

Summary graphs of RBC and plasma ChE activity for all doses of 

Guthion feeding are shown in Figure 7. Recovery of ChE activity at 50,1 

75 'and100 PPI{of'Guthlion feeding are also representdd inthe above 

figure; 

On the body weight basis (Table I),doses of Guthion at 0.12, 0.57 
and 1.00 Tg/kg nelither caused any physical signs of toxicity nor any 

depression of chollnesterase activity in any of the horses. Guthion at 
2, 3 and 4 mg/kg was however associated with a considerable depression 

of ChE activity but no physical signs of toxicity. 



Table II.,,Redoblood 9,e!,l, and, plasma,cholinesterase activity after 3, 7,' 
' 4, f2and 30 days of feeding Guthioniat 5 in'd15 PPI,. 

lasma Expressed
 
Guthion parts per as AOD/5 min.
 

Million RBC %no b Plasma % of
 

Dose Cholinesterase Activity of RBC and P, 


(PPM) Controlb Controlb
 

Avg + SE(3)cAvg + SE(3)cControl 

0 day 0.134 + 0.025 100.00 0.110 + 0.031 100.00 
3 days 0.132 + 0.026 98.50 0.110 + 0.029 100.00 
7 days 0.134 + 0.024 100.00 0.11) + 0.033 100.90 

14 days 0.134 + 0.024 100.00 0.110 T i.029 100.00 
21 days 0.133 + 0.020 99.40 0.108 7 0.029 98.18 
30 days 0.136 _ 0.015 101.42 0.108 + 0.032 98.18 

5 PPM 
0 day 0.110 + 0.012 100.00 0.120 + 0.026 100.00 
3 days 0.111 + 0.009 100.90 0.120 + 0.027 100.,0) 
7 days 0.109 + 0.012 99.99 0.120 + 0.026 100.00 

14 days 0.112 T 0.010 101.80 0.121.+ 0.026 100.83 
21 days 0.109 + 0.013 99.99 0.119 + 0.024 99.17 
30 days 0.111 T 0.014 100.90 0.118 T 0.023 98.33 

15 PPM 
0 day 0.116 + 0.008 100.00 0.083 + 0.005 100.00 
3 days 0.114 T 0.013 98.27 0.086 + 0.003 103.60 
7 days 0.114 T 0.015 98.27 0.085 + 0.002 102.41 
14 days 0.114 T 0.014 98.27 0.084 + 0.005 101.20 
21 days * 0.113 + 0.015 97.33 0.085 T 0.002 102.41 
30 days 0.115 T 0.010 99.33 0.085 + 0.004 102.41 

a. See the method section for details.
 

b. Ineach group ChE activity on Zero day was the control value.
 

c. Figure inparenthesis indicates number of separate determinations. 



110 ­ 2 

.........
 
loa 

- horse no. 4 , 
horse no.5• •.horse no. 6 

80 

3 7 14 21 30 
TIME ( days)

Fig. I a: Red blood cell cholinesterase activity of horses 
(no's. 4, 5 and 6)dosed with 5 PPM Guthion. 

0 

"L
080 

C 

80 

7 14 1:0, 3 
I TIME (days) 

I 'b." PIas rmta',cn°io 1 'eras:actiVitv of horsesI ' L';''(rF48 5'an46) 'dosed with 5 PPM Guthion, 



22.
 

110 

C-) 

9I or,, 

CL 
o.. 

CD iw- - - - 0 

n.8 
1: 

Q' - horsehorse ro8 < 

S..... horse o 9 

80 
I ! I I! 

,j, 30 
TIME (days) 

Fig;. 2a., Redblood cellcholinesterase activity of horses 
',(,',(no's. 7, 8 and:9);dosed with 15 PPM Guthion. 

110 

C 

5 90 

80-

ZL-s TIME (days) 

FIg.2 b. .!,ppa cojipesterase activity of horses 
pls. 7,j 8,anAf,),;dosed with 15 PPM Guthion. 



23
 

IX ffects ofjoral administ+^ir . ., 
cTeeIi~I. "an v 

..plasma e on..cellan 'm c~ o n the Red blood,a tivity in adult male rats'
 

" Dose Cholinesterase activity of RBCmg/ and plaina -expr:ssedasOD/5 mlns.a, , % ofRatsmg/K ­ > -sh owi n g 
,'toxic
 

RBC,, %of, b 
 Plasma 
 % of signs

control cntro'I 

Avg,,+, SEO4) c ,Avg -+'S(4) c 

Control, 0.094 + 0.002
.. . . 100.00' , 0.0311 + '100.00O0.00 Of 
5 mg/kg 0.075 + 0.005 79.78 0.026 + 83.87
 

15 mg/kg 0.045 + 0.008 
 47.87 0.017 + '54.84 Sol,
 
25 mg/kg 0.024 + 0.003 
 25.53 0.009 + 
 31.60 l00
 

"af See the method sectionfor details:,, 

b.- In each group ChE activity on Zero iday was the,dontrol valuo. 
C. Figure in parenthesis indicates number of separate determinations. 



Table 	IV. Red blood cell and, plama c-1in sterase, activity after 2,
 
" ''5iiid 7 days of feed'Ing ukoAt2 P1 5PM,7PM
 

an-'; " " 	 ' 'Gtnd PPM.50 h, t2 PPM- 75'PPM 

Dose '.; Cholihsterase Activity-of RBC and Plasma Expressed 
Guthion parts per

Million) 	 RBC 
,,.', 


25 PPM Avg + SE(3)c--
0 day 0.117 ± 0.015 
2 days 0.117 + 0.017 
5 days 0.111 T 0.015 
7 days 0.113 T 0.016 

50 PPM 
0 day 
2 days
5 days 

' 

0.135 + 0.016 
0.125,T 0.015 
0.101 + 0.0112 

7 days 0.083 + 0.010 

75 PPM
 
0 day 0.113 +,0;008-i" 
2 days 0.101 + 0.011 

', :< 5:days, *,,,,:0;068+; 0.005, 
7 days 0.060 + 0.004 

100 PPM 
0 day 0.127 + 0.013 
2 days 0.101 + 0.01,1 
5 days 0.069 + 0.007 
7 days 0.063 + 0.006 

as A0D/5 min.a, 
C% of b 

Control 


100.00'; 
100.00 
' -94.90 

96.58 

100.00 
92.60 
74.81 
61.47 


100.00 
83.20 

60.17 
53.10 , 

100.00 
80.00 
55.00 ' 
49.66 

Plasma %ofo b 
Control" 

Avg SE(3)c 
0.092 + 0.018 
0.093 + 0.019 
0.090 + 0.017 
0.092 0.015 

1006.0 
101.08 
98.00 

100.00 

0.083 + 0.013 
0.078 + 0.012 
0.066 + 0.010 
0.062.+ 0.009 

i 
O0.0O 
94.00 
80.0 
74.70 

0.094 4 0.007 
0.070 + 0.017 
0.054- 0.005 
0.055 + 0.004 

100.00. 
84.0. 
68.00 
58.50 

0.088 + 0.021 
0.070 + 0.017 
0.053 + 0.012 
0.047 + 0.010 

100.01 
79.9.'$ 
60.24 
53.40 

a., See 'the method section for details, 

b. In each group ChE activity on Zero day was the control value. 

c.' Figure irn parenthesis indicates number of separate determinations. 



Table V. Post-treatment recovery of Red blood cell and plasma 
cholinesterase activity after 2, 7, and 10 days. 

* , Dose Cholinesterase Activity of RBC and plsr.t
•Gu iion'parts per as tOD/5jD raij- Millio 

_'_ 

" 
b' '(PPM) ,.(:Control ....RBC %of b Plasma t 

Avg ± SE(3)c Avg -.1 SC(3
50 PPM 
2 days ,0.121 + 0.014 89.63 0.077 1- 0.017
 

- 7 days 0.134 + 0.015 99.26 0.082 + .Ul.,
 
10 days , 0.137 + 0.015 101.45 0.085 - 0.0!b
 

75 PPM
 
2 days 0.090 + 0.006 79.64 0.082 + 0.'
 
7 days 0.096 T 0.007 84.95 0.092 " 0.OX, 

10 days 0.105 + 0.014 93.00 0.093 " 

100 PPM
 
2 days 0.037 + 0.009 68.42 0.069 + 0.0i,
 
7 days 0.096 + 0.010 75.58 0.081 + 0.;' J
 

10 days 0.106 T 0.011 83.46 0.o8O; + 0.0?t 

a. See the method section for details.
 

'b. In each group ChE activity on zero day was the control, value. 

c. Figure in parenthesis indicates number of separate detei'min:iU:,. 
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DISCUSSION
 

The maximum permited residual levels of an organophosphorois
 

compound on 
a food cropjare based primarily on the anticholinesterase
 
.actlvity of the insecticide. 
 A study of the p6tency of'Guthion as a 

* cholinesterase inhibitor is important from the standpoint of ascertaining 
the adequacy of cholinesterase inhibition as a measure of permissible 

dietary levels. 
Those data inTable IIshow that there is no marked
 
,,,;change in blood ChE actlvit& when h6rses were fed 5 PPM and 15 PPM'Guthion.
 
T e dose of 25 PPMseemed to cause a slightdecrease. -Itshould Ibe noted
 
that this dose might cause a significant c anqe wheh fed for a longer
 

period-of time (Table IV). 
 Table IV shows that 50,' 75 and 100 PPM caused 
a lvery marked decrease in ChE aCtivty without manifesting any physical
 
sign ofIpoisoning. Therefore, decreased blood ChE activity was used
 

primarily as an index of Guthions biological effect. In this study,,the
 
maximum residual level that the horse could tolerate without showingany
 

signs of toxicity would be between 25 and 50 PPM. 
r 
.., Depression of blood ChE activity has, been 

Z 
/ 

comnonly used as a reliable 
.idication of.exposure-to organoohosphorous-pesticides, particularlylin 

human medicine (Metcalf, 1951; Callawa'et. al., 1951) but its diagn 'stic
 
valldity when applied,to domestic animals his been criticized on two;)
 
cdunts. 
 First, Ithas been said .that'variation among animals (Radeleff
 

-ai
d.Woodard, 1957) and in individual animals at different times and 'under
 
diifferent conditions (O'Kelly, 1965) was too great to'establish usful
 
normal range. Secqndly, clinical effects have been reported inspite of
 
low inhibition of cholinesterase activity. 
On the other hand, complete
 

inactivation has been found to 6cc&r~without symptoms (Radeleff and
 



.,,oodard, 11957), Some 'authors (Radele.-f 'etal1963) have -observed 

,-tclinical toxic isigns thatare'accompa.-ied by a very marked' falll inblood
 
,,,itcholinestera'sle activity. , , '' :
 

, ',..In
this:.study, depression 'of ChE ac.tivity occurred as high as 50%
 
."'without manifestation of any overt toxic signs.: This isconsistent with
 
.the observation made by Anderson (1969) that calves would 'toleratean
 

4.zinhibiton,'of-their ChE~abtivityby.as much as 64% without exhibiting any
 
'-:physical signs: offtoxicity.. 'Insheep,, sigfis of'organophosphate toxicity
 

.would be,seen only afterinhibition of at least,70% of the 'cholinesterase
 

activity. ,Inrats,'oh the,other hand, 50% inhibitio6,resulted intoxic
 
signs in50% of the,animals and 75% inhibition caused 'clinical,signs in
 
all animals. 'It-is,,evident, therefore, that toxic effects do not appear 
withouta,severedepression'of ChE activity Incattle)'sheep and horse.
 
01hepresenceof overttoxic signs, a
depressionbfChE'act,vity can be of
 

somehelp in-confirming; the organophosphatepoisoning incertain species of
 

,an'imals but not in others. ,
 

RBC ChE'activity as'shown inTables,II,, III,,.and IV,' hadhiigher activity
 
,,,thanplasma,.- Itappears that there is:more,cholinesterase in'the ROC, except
 
that of the animals nos. 5 and 6 fed Luthion 5 PPM. Secondlyi fas there is
 
bmoreAchEin7 RBC;thanxinplasma; the,substrate;,(acetylcholine) used in this
 
'studY 1s2 hydrolyzed faster: by,AchE,than'by PchE, (Struge,and Whittaker, 1950; 
,Mounter and;Whittaker, )l950),, this: mnyfaccouht' therefore, -fora greater 

-,actitv ty' ofj iAchE 'associate&L wlth-the',red( bl oodl cellS, than wi th the plasma. 
Recovery of RBC ChE has been reported to occur,: ihftwqo,stages, a rapid
 

partial recovery being followed by a slower linear return 'to norml 
 (Blaber
 
and Creasey, 1960). 
 Inthis study, the data suggests-a similar pattern
 
of recovery for RBC ChE. 
During the first stage the inhibited enzyme
 
undergoes two simultaneous reactions: 
 spontaneous reactivation by hydrolysis,
 

http:ChE~abtivityby.as


and aging In which the Inhibited enzyme is converted into a form which 

would ,noIlonger beireactivated ispontadeously. or boe eacti vated,;by oxime 

t.r eatment.,, When all'4the tnhibited-enzymes. are'present in-'thefaged form 

*no further recovery of the blood ChE will.occur. Jhesecondstage of 

recovery is that in ;which the rater of.,blood ChE,;recoverycbecomes equal 

,,to the rate of de-novo enzyme isynthesis andthisin turn-replaces the 

,inhibited enzymes., ~i 8. n: 
i,,,: The second 'stage of, the, red. bl oodcel I ChErecovery 1was, tassociated 

with,tthe formation ofynew cells (Blaber and Creasey,; 1960) .. ,,,Although 

.,no attempt was ,made. to determinei theohematcrlt-of; horses In the present 

,study,, a -slightincrease in the ,packedilred-blood cell volumej seemed to 

.exist at the end of, theiten day recoveryl-period.., , ;J4 

;'. In general, the~rate of' recovery, of'inhibited PchE activity is much 

lfaster. than that of the.true ChE I nhi bi ted by.,the- same, compound (Davison, 

1955) , :The :mode, of recovery oftpl asma. ChE was,-simil a , to that-of RBC, 

but I t appeared. ,toqrecover,,wel 1Iahead,Ioft-RBC. ,This is !probably due to 

two, reasons: first, a less stable enzyme-inhibitor complex,.(Aidridge, 

i1.953;" Fulton. and'(Mogey,,.71954) which- undergoes.,spontaneousl hydrolysis 

at-a much ,fasterorate jand secondly,,,de novoj synthesiso of. PchElby the 
,liver.-, ,J­

'I " 'Itiwas 'frequently, noticed that: the, activityjof, both, plasma and red 

bl6od, cell 'ChEj's ;was higher during ,the. post-treatment. period than the 

pre-treatment.j This.could be attributed to,inductidn, of; nfewiehzyme p 
:synthesls? after, the itermination, of i Guthior,.treatment as. suggested by 

,Conney ,(1959)i; 



1) CONCLUSION 

ut0616&6 horses at 'levelsf5 a d5PPH4forthirty days and 

25 PPM,for seven days failed to produce any signs of olgioIhosphorous 
.poisoning. No detectable physical signsof toxicity.or any depression 

of blood ChE activity was observed at these levels. On the contrary, 
when Guthion was fed at higher dose levels such as 50, 75 arid 100 PP 

'forseven daysthen a marked decrease in blood ChE activity, %'ias obtained. 
The red blood cell ChE activity at the above dose levels dropped to 61, 
53 and 50% of the pre-treatment control, respectively. ,The PchE activity 

.at the corresponding doses reduced to 76, 58 and 53 percent of thewas 

control. Inspite-of: a striking decrease in the bloodChEs activity no 
'physical signs of toxicity,were observed at any time. It was therefore
 
concluded by this investigation that the maximum 
 tolerable dose of Guthion 
ih h6rses' would fall between 25 and 50 PPM. 

A marked decrease in blood ChE activity after seven days of Guthion 
feedi ng at 50, 75 or 100 PP4 was followed by a rapid recovery in enzymatic 
activity. \'Consequently, no sign of ChEinrlbitionwa's demonstrable at 
the first two dose levels after ten days post-treatment except for a 
slight inhibition (7%) in RBC ChE activity at 75 

I Is 

PPM Guthion level. A 
I '' ' - I­

slightly higher Inhibition (17%) in RBC, ChE activity was however present 
after that time 6nly at 100 PPM Guthion.,! 
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