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INTRODUCTION

A

The ex1stence of cho]1nesterase (ChE), an enzyme capab1e of hydrol-
y21ng acetylcho]1ne into choline and acetic acid was first suggested in
1914 (Da]e, 1914), was established in 1926 (Loewi and Navratil, 1926)
and has since been conf1rmed by many investigators. Evidence indicates
that ChE is not a single enzyme, but can be divided into true ChE (acetyl-
cho]1nesterase, AchE) and pseudo Ch= (PchE). These two enzymes essentiaIly
d1ffer in their function and distribution (A]]es and Hawes, 1940; Mende]
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, pancrea;ic
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 in a com-
bination that permits them to non-competitively inhibit ChE (Heath, 1961;

i

0'Brien, 1967). Pharmacological effects of organophosphorous compounds
{

result from excessive accumulation of acetylcholine at nerve synapses and

neuromuscular end plates (Goodman and Gilman, 1970).

Guthion (Azinphosmethyl) has been used successfully for alfalfa with
a tolerance of 5 PPM (Mull, 1972). In the Spring of 1972, however, its

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

L { ; PO

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



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 :such:as the horse could be one of the possible uses

of this hay.

t 1
R WA I T S N N

There have been numerous stud1es concern1ng the tox1c effect of

>
la’ll.:t) y vty

Guthion in d1fferent species of an1ma1s, but no comparab1e studxes have

t ye it e .‘5 ,)t";

been renorted in horses. Therefore, the obaect1ves of th1s investigation

ot
l)

were two fo1d f1rst, to estab11sh the to]erance 1eve1 of Guth1on in

norses by feed1ng d1fferent doses and second]y, to determwne the time
’course for the recovery of the ChE act1v1ty of the red b]ood cell (RBC)

’
\i-v

and plasma after depress1ons at the higher doses of Guthion. .



LITERATURE REVIEW

Chemistry of Azinphosmethyl (Guthion®, Gusathion M)

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

[«
.3
cHy \\

Azinphosmethyl has a molecular formula C]0H12N303PSZ 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 1s made by the reaction of N-chloromethyl benzazimide,
formed by the reaction of benzazimide with paraldehyde and thionyl chloride
with 0, O-dimethyl hydrogen phosphorodithiote in the presence of an acid-
binding agent such as sodium bicarbonate. It forms white cryst:ls of

4 i Hg in 20° C. Its solubility

m.p. 73° to 74° C; v. p. below 3.8 x 10
in water is 1:30,000 at room temperature and it is soluble in most organic
solvents. It is unstable at temperatures above 200° C and is rapidly hyd-
rolyzed by cold alkali and acid (Martin, 1.72).

Pharmacological Aétion

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 transmissi:on
of nerve.impulses from preganglionic fibers to autonomic ganglia, from
post ganglionic cholinergic net:ves 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, A_ch cannot be hydrolyzed and



it will accumulate. A moderale inhibition of AchE results in a non;
physiological increase in Ach which stimulates the skeletal muscle
function (muscle’thitehing)'and a strong inhibition causes complete
dimun1tiog of{musc]e funct1on (para1y51s) | Symptoms of poisoning caused

A~\j
hy organophosphates thus stem from an increase in endogenous Ach resulting
in excessive exc1tat1on of the parasymphatet1c nervous system (Kimmerie
and Lorke, 19683 Goodman and G11man, 1970)

Phosphorylation of Enzvme

. Tha-active center of AchE consistsiof ‘two parts, an esteratic and an
anionic (hegative part). The latter binds 'the quarternavy nitrogen of
Ach; the esteratic part effects’its hydrolysis.:' - -

The' inhibition of AchE ‘produced by the-organophosphate is a kinetic
reaction of the first order, therefore, the magnitude of enzymatic inhib-
‘jtion is proportional-to the concentration of the inhibitor. The rate of
reaction increases with temperature.

H“fnteraétion between organophosphate and AchE results.in the formation
of ﬁﬁdsphony]ated enzyme complex. In contrast to acetylated enzyme complex
the pﬁosphory]ated enzyme is resistant to hydrolysis ‘and this causes an
jrreversible Toss of AChE activity (Kimmerie and Lorke, 1968).

Although, fhe significance of AchE inhibition of red blood cells and
‘pséudo CHE.of plasma caused by organophosphates is not yet clearly under-
stood, the fact that these enzymes are inhibited in the same manner as:
WEHE at'the neuromuscular-and glandular sites, serves as a useful purpése
" i1 ‘the 'sense tht'the extent of their inhibition.in case of organophospﬁate
" poisoning provides a genuihé’indication of A¢hE: depression at the tissPe

“Yevels (Freedman et.'al., 1949)"



Activation process

Organophosphates conta1n1ng sulfur atoms (P—S), such as Guthion,’

H

iParathwn, Methylparafh1on and Malathion are f1rst converted into their
roxy—ana1ogs (P—O) before 1nh1b1t1ng the activity of AchE. ¥he microsomal
enzymes of liver and also to a lesser extent, of intestinal lumina and
kfdneys play a major role fn bioactivation of these organophosphates -

(Murphy and Dubois, 1957) vitro studies carried out by various ihves-

‘tigators have provided ev1dence that the ‘inhibitory effects of oxy-analogs
of th1ophosphates on AchE is considerably more than that of the parent
compounds (0'Brien, 1960; Heath, 1961; Hitchcock and Murphy, 1967).
Breakdown - )

Another metabolic fate of thiophosphotes is their hydrolysis, affected
hy ooophotoses. Those phosphatases were previously given specific names,
ejé. Sarinase for Sarin; DFP-ase for DFP; Malathionase for Malathion and
Guthionase for Guthion (0'Brien, 1960; Heath, 1961).°

Distribution and Excretion

Guthion is metabolized in the body. Its various metabolic products
are Gutoxon, anthanilic acid, mercaptomethyl benzazimide, methyl benzazi-
mide’solfioe. They are rapidly distributed in animal tissues and fats
.and 1afér excreted largely in urine in the fbrm’of conjugates (Everett
et. al., 1966). S

Tox1c1ty of Guthion in different species of animals

The maximum tolerable dose of Guthion was determmned in newborn calves,
yearling catt]e, sheep and goats. Calves d1d not man1fesf‘ény sign of
Guthion toxicity at a dose of 0.5 mg/kg body weight and in yearling cattle
noAtoxicitQ‘was noted even at‘a‘dose of 2.5 mg?kgfj The maximum non-toxic

vt v 1), .
dose tested in sheep was 5.0 mg/kq. Goats vere found unaffected by Guthion



at a dose (of 2.5 mg/kg (McCarthy et. al., 1969). i 3

S IS petvbn epitod uneatetpoa oyl vl

It was aTso demonstrated by White et a] (1968) that an oral da11y

e i hll'ws‘. Lt e e

dose (3 6 mg/kg) of Guth1on produced tox1c s1gns in he1fers after s1x
days of adm1nstrat1on. :

R § r l P s
‘a

The oral LD 50 doses of Guth1on (50% wettab]e powder) 1n adult maTe

.)

and fema]e rats re 14 mg/kg and 12 5 mg/kg, respectively (Report N

ne Vel P 1Y Y ; ot

24933, Chemagro Corp., Supp]ement No. 1 1971)

R~ |

3 Yo (IO

When mature non-pregnant eves were fed w1th pe]leted alfalfa diet

th 4. (

conta1n1ng 50 PPM Guthion for ten weeks, the act1v1ty of AchE decreased

graduaTTy It was suggested by the authors that 1t took ten times the

toTerance dose to alter the AchE activity (L1ndah1 et al., 1972).

i ’
Poat,

The oraT "no effect" dose of Guthlon on ChE act1v1ty was investigatea

¢

in human voTunteers. In this study, the act1v1ty of ChE of plasma and
,enythrooytes was measured tw1ce weekTy for a per1od of four weeks. The
following doses of Guth1on vere adm1nlstered by oral route: 1, 1.5, 2,
2 5 3, §(§ 4, 4. 5 6, 8, 9, 10 and 12 mg/kg. There vas no depression
'of‘Chahaettyjtx at any of the above dose levels (Reports Nos. 23886 and
25553 Chemagro Corp., Supp]ement No. 1, 1971). Simi]ar]y, Rider et. al.
(1967) also fa11ed to show the effect of Guth1on on plasma and red blood

, iF g

cell ChE activity at the 10wer doses.

¥

- ¢ 1
3 [

Signs of Toxicity

o A oy R R TV )
- The s1gns of organophosphate po1son1ng are accounted for by a depres-
_sion of AchE 1n the various parts of the nervous system

N ‘JJ)‘I‘~T'J"‘

a) s1gns s1m11ar to those caused by muscar1ne po1son1ng are due

I R

¢
:

towan excess1ve accumulat1on of Ach at the postgangTion1c

1,001

ch011nerg1c nerves.

{ I} « *
by o N DT SR S R T ?1.“;‘ )

b) signs s1m11ar to those of nicotine poisoning are due to the action

of Ach on the parasympathetic ganglia and motor erd plates.



t

c) 519ns of CHS toxicity include exc1tat1on and term1n31 inhiuition.

The dose and method of adm1n1strat1on determ1ne to a great extent the

iyt
sy dy

s1gns, 1ntens1ty, ‘onset and duration of organophosphate poisoning.

The dinitial man1festat1ons of toxic s1gns are 11ke those caused by
muscarine powsoning, such as anorexia, nausea, ep1gastr1c and substernal
pain, ‘abdominal spasms, 1ncreased perista1s1s, vom1tt1ng, d1arrhea, sa11v-
at1on. bradycardia, profuse perspiration, pallor and dyspnea. Sagns,‘
s1m11ar to nicotine po1son1ng usually become manifest as soon as the mus-
carine-Tike effects are very marked, and consist of muscle twitching and
generaIizéd 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 in coma (Kimmerie and Lorke,
1968; Goodman 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 paraTysis‘of the respiratory musculature and the respiratory
center (Kimmerie and Lorke, 1968). |

The toxic signs of four organophosphate insecticides in newborn
calves, yearling cattle, sheep and goats were those usually associated
ditﬁ ChE inhibition. Generally, nervousness was the first man1féstat1on.
This was fo]Towed by the appearance of slight frothy sa11vary accumulatIOn
on the’ 1ips. As toxicity progressed, muscular trembling and excess1vev
saTivation with drooling were observed. Uncontrolled nuscular trembling

‘was accompan1ed by convulsive spasm in calves, protrus1on of the tongue,
abdominal cramps, and diarrhea were a]so observed The stools frequent]y

[P R R T

‘had spots”of’bTood on the surface. As tox1c1ty progressed further,



ataxia became eV1dent, and the test animals, were unable to stand.
‘f;ﬁ',?;!!f‘ s&‘ﬁ)vr;},j b i {‘M‘)‘d:*r':f" R \\ i

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

M - 3 PR 3 1o
[ TR RS T i'x,'us:*)

change most cons1stent1y observed was pulmonany congestton (McCarthy
T e

et. a]., 1969)

P e

I
P N sy 0 LRI

The predom1nant s1gns of mild to moderate organophosphate poisoning
i

1n horses were of gastro ~-intestinal origin, 1nc1ud1ng co]1c and dwarr@ea.

v -
o be *

S% ns of tox1c1ty in horses dlffer from those of rum1nants. ,TOXIC signs '

,L(ril N

1n the latter are usua]ly characterzzed by excess1ve sa]tvat1on, dyspnea,

NTAREN L v

stwff—]egged walking, weakness and diarrhea. In horses, the signs are
}
usua]]y colic, d1gest1ve disturbances, muscular weakness, saltvatton and

r

dyspnea (Younger, 1965).

a
I

; ’ P,
i+

Cho11nesterase in RBC and plasma,

t
BE

.‘\
t R vy

;
!
Alles and Hawes (1940) demonstrated two types of ChE' s in blood,%
Pseudo ChE and true or AchE. The former was associated with serum and the
1atter with red blood cells. It was also shown ‘that serum contains ag

m1xture of PchE and AchE (Mende] Munde]l and Rudney, 1943, Augustlnsson,

'{94§) WIth PchE predom1nat1ng in man and horses, vhile AchE in the rabb1t.
ffhe sera of rum1nants, birds and.f1shes have almost no cho]1nesterase.

AchE 1s”def1c1ent, or absent from the erythrocytes of birds, fish and cats,
x:hd'té1s:ts compensated for hy the presence of a comparat1ve1y larger |
amount of AchE in the plasma of these an1mals (Mende] Mundell, Rudney, 1943

bt
Uhlttaker (1951, 1953, Mounter and Nh1ttaker, 1950) have, reportedzthat

oy

cho]1nesterases of erythroqytes and brain are most active towards chol;nes
g [ [ ! P I ¥ A 4

f'(~»

£ o :

which have a chem1ca1 structu e simi]ar to that of acetylcho]ine. Pla%ma

ChE S exh1b1t h1ghest act1v1ty towards those cho]1nes wh1ch resemble %

.; [ RN ; bs

butyry]cho11ne 1n chemtca] structure SStruge and Wh1ttaker, 1950) Thé
¢
§
I

PRI

Ppresence « of a butyry} ChE is a characteristic of _man, dog, cat, horse,



and guinea pig p]asma (August1nsson, 1959).

Woendy o, oty KR
. §ﬁud1es on the spec1f1c1ty of horse p1asma and erythrocyte cholines-
H‘} ) 4 £ )“ ,‘xS}‘( 3 T

terases (Struge and wh1ttater, 1950 Mounter and uh1ttaPer, 1950) reveal

1(,(“

that cho]1nesterase of horse p]asma has been found to resembie human p]asma,

in so far as 1ts capac1ty to hydrolyse large numbers of aliphatic esters.

e oy

These resu]ts uere cons1stent w1th the hypothes1s that the closer the ?
structural conf1gurat1on to butyry]cho]1ne the greater the rate of hydro]-
ys1s.’ ChE of horse erythrocyte thus close]y resemb]es ChE of human eryth-
rocytes w1th respect to spec1f1c1ty for substrates and physical propert1es.
It has also been reported that ChE act1v1ty of horse erythrocytes vias

approximate1y one-flfth that of human erythrocytes (Mendel and Rudney,;

1943) Activity of acety]cho]1nesterase seems to vary in different species
of anima]s For examp]e, it decreases in mammals in the following order:
man, cow, gu1nea pig, horse, dog, sheep, rabb1t, rat and cat (August1nsson,

1950, Za;ncek and Datta, 1953) .

The presence of AchE in blood suggests that th1s enzyme performs an

tJ

1nportant physto]og1ca1 funct1on in the body Poss1b1y by regu]atlng the

‘i,

amount of acety]cho]1ne in the c1rcu1at1on (Mende] 1943, Gerebtzoff, 4959)

In an attempt to exp1a1n the ro]e of erythrocytes AchE, 1t was po1nted out

i
1

that th1s enzyme was 1nd1spensab1e to the 1ntegr1ty of red corpusc]es.

Ho]]and and Greig (1950) conc]uded that AchE is essential to permeab111

\o '»‘r‘
i

to Na and K 1ons.i Haadukov1c (1955) showed that AchE offers a ce.ta1n

degree of reswstance to 1rrad1atwon and th1s may have some 1mportance§

("!Af(‘i'li::, :

regard1ng 1ts phys1o1ogwca1 ro]e in the body. Pseudo ChE be1ng absent

i AR vrey oo Y

- f
from the b]ood of certa1n spec1es, is apparent1y not 1nd1spensab1e. It

.f‘ﬁi""’fai~\ woo b

kcou]d neverthe]ess play a m1nor ro]e in contr0111ng the 1evel of acetyl-

,
TSI AN

choline in the b]ood (Mendel 1943)
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Inhibxtion and Recovery of Cholinesteras e Activity -

E«1dence has been accunu]ated to support the view that inhibition of
esterase activity by organophophorous compounds is the result of phos-
phony]atxon of-the center of the enzyme (Aldrvdge 953, Aldridge and

DaVISOn, 1“53) The kinetics oF 1nhibit1on, the reversa] of 1nb1b;t1om

i

and the apparent energies of act1vat1on prOV1de good ev1dence that true
ch011nesterase is read11y phosphory?ated by organophosphorous conpounds.
The phosphonylation of pseudo cho]1nesterase by this group of compounds
1s less comp]ete. Dav1son (1955) has presented evxdence 1nd1cat1ng that
PChE, 1ike true ChE, is phosphony]ated by organophosphorous compounds ;
and that the stabi11ty of the phosphony]ated enzyme depends upon the

s .

type of enzyme 1nh1b1ted and the organophosphate used.

!
<

j
It has been shown tha PchE can be a)most complete]y 1nact1vated‘

WIthOUt the development of any s1gnvf1cant s1gns of pomson1ng (Mazur and

Rodansky, 19463 Hawkins and Gunter, 1946; Hawk1rs and Mendel 1949) wh11e

l

e complete 1nh1b1tion of true ChE is 1nvar1ab1y fhta] a ;

»'1\., ; NS ¢

) Severa] mechanisms are respons1b1e for the tecoveny of ChE activity
B iy - ‘:', Yoy §
fol]ow1xg po1son1ng by organophosphate eompounds (Blaben and Creasey,

1

1960, Davison, 1955) If ChE 1nh1b1t10n is 1rreversxb]e, recoveny of?

Yoyt {.. i

"ChE resu]ts from de novo synthes1s of enzyme If the 1nh1b1tor—enzyme

ooy ¢,”J;”,fr ~

compiex 1s unstab]e, retuYn of ChE activity maf follow hydro1ys1s of the

oty { «Y\ ;,(", )“ H \, ‘

phosphony]ated enzyme. Recoveny of the ChE act1vmty may also result from
a comb1nat1on of both pnocesses. ,'
(i‘t‘ #frthe fresh1y 1nh1b1ted‘end complete1y reactlvatable ChE is stored
I;; ;madueiiy ehenges‘1nto a formzwhuch ean no‘fongeh Be'react1vated hy
R T MR I o

oximes (Dav1es and Green, 1956, U1lson et. al. 1955 Hobb1ger, 1956)

.xﬂu\l RO )f,>‘

This may be due either Lo the mwgrat1on of the phosphonyl group to a more

\ A
< w Yo L LN A Y ,';
.. N v .

e 2o

stable pos1t1on in the inhibited enzyme (U1lson et: al., 1955' Hobb1ger,



m

1956), or to loss of one of the substituents:on the phosphorous aton
which would thenihcqu1re a negative'charge and conscquently become resis-
tant to nuc1eophi]1ic attack (Oosterbaan et. al., 1958). The change whlch
. oceurs durwng storage is referred to as "aging" a]though sone authors have
”1n fact referred to it as a transphosphory]at1on process (Hobblger, 1956,

Jandorf et. al., 1955). ;

. Dav1son {1955) postulated that there are two forms of 1nh1b1ted cholin-
esterase nlﬁn g1fferent stabilities: the freshly inhibited enzyme, which
‘ oen;undergo spontaneous reactivation, and the aged which cannot. The
first form may undergo spontaneous and complete conversion(into the second
form. | |
:Bleber ang Creasey (1960) reported that the recovery of sheep erythro-
cyte ogcurned in tvo stages, a rapid partial.recovery being %b]]owed by a
s%ower‘lineer return to normal activity. During the first stage of the
recovery, soontaneous hydrolysis and aging of the cholinesterase occurred
simultaneously. The character1st1cs of this stege 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 AND METHODS .

kY

Horses ‘fed with 5 and 15 PPM Guth1on for 30 days |
| Nine adu]t horses, free from disease were obtained from the Un1v-
Eersity of Cal1forn1a, Veterinary Teach1ng Hosp1ta1 from oviners and
dealers. Physical condition of the horses var1ed from good 'to fair, but
dnst of them were in good cond1t10n. The horses were weighed and each
vas kept 1h a\separate stahTe throughodt the Tength of the experiment.
The weights of the horses are shown in Table I. They vere carefully
examined by a Veterinarian at the beg1nn1ng and at intervals during the
experiment for characteristic signs of Guthion poisoning. The horses
were divided into three groups: control, 5 PPM and 15 PPM.
, Alfalfa hay from a single lot vias used for the experiment. Hay,
eampTes were ana]yzed for Guthion by gas chromatography. No Guthion was
detected in any of the samples.

,‘ The da11y feed 1ntake for each horse was taken as the difference
thetheen the we1ght of the hay offered in the morn1ng and the weight which
vias Teft uneaten at night. The average feed 1ntake for each animal was
-determined from two consecutive daily feedings. This value was then
. assumed to he constant over the feeding period and formed the basis for
calculating the amount of Guthion fed per day. These values are shown
in Table I.

Administratidn of the drug

The Guthion was furnished By Chemagro Company as Guthion Yettable
Dry Powder containing 54%-of active azinphosmethyl.
The compound dissolved in acetone was mixed with OmaTeneGD(Pugina

horse chow) and fed in an aluminum bucket once a day for thirty days.
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Since Guthion decomposes easily when put into:solutionh, freshidoses were
weighed daily. The horses appeared to:enjoy the mixture'and quickly
t*consumed the 'daily ‘doses.’ It was necessary that the acetone volatilize

®

“and water were offered ad 1ibitum to all animals.

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

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 Dithiobisnitrobenzoic 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 in absorbancy at
416 mu due to the yellow color formed with thiocholine and D{tiB. A1l
determinations were carried out at room temperature using a Beckman DU
Spectrophotometer equipped with Gilford recording Phrtometer 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:

2 &
(cH3)s SN-CHz-CHzS: C'C“_:, ch (o), M cHprch s + C**;i'g“
(““"'T\"'T“locuouua) (rmocuot_me)

8, .5
§-8
(ovvE) BRI

Vo

. *coo™

' }120 'N cob” o \ RS e gﬁ'ff
* @ + @“3) "N"C“J:C\'\g:g-s .
s-

SE e et a0t g
COLORE
ANION
41owmum
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‘Horking .Procedures;::; . |

“.+ Ao Animal bleeding -

. Horse blood vas. collected from the: jugular vein in heparinized
vacutainers. Blood samples were taken on 3 consecutive days:prior 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 activijty

3,7, 14, 21, and 30 days after feeding Guthion.

B. Measurement of cholinesterase activity of whole blood, plasma

The whole blood was centrifuged for ten minutes of. 500,49 in a refrig-
erated Sorvoll RC-2 type Centrifuge at 0.4%c. The plasma was carefully
aspirated and diluted to the original volume.of.the whole blood with §
phosphate buffer (pH 8.0,:0.1M)'in a ratio-of 1:600. (e.g., 20 ul. of Ewho]e-
blood or plasma + 11.98 ml. P04 buffer). 2.95 ml. of the diluted sample
vere pippetted into a cuvette. To this, 25 ul. of DTNB. (0.01M) was added
and the cuvette was placed in the spectrophotometer chamber. The s1it of
the spectrophotometer was adjusted so that the absorbance in the cuvétte
was zero at 416 mu. Twenty-five u] of the substrate (0.075!1) was then
. added to this cuvette. Thet eaftor, an 'mcrease in absorbance vas continu-
ously r.‘omtored for at 1east ten mlnutes. Chohnesterase activity vas

expressed as a change in optical density for the initial five minutes
(20D/5 min. ) o J

Wi \

, Whole b"ood and plasma cholinesterase values were read d1rect]y from

the recordl ng vhile RBC chohnesterase activity was taken as the dlfference

2 &
Sy r ey ?;w

of these two values.
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Rats fed u1th 5 ]5 and 25 mq Guth1on/kg

; After the 5 PPM and 15 PPM experiment in horses the; potency of the
Guthlon used was 1n quest1on Oral toxicity of Guthion 1n rats was there-
. fbre tested - , | ; | |
1 f Male Sprague-Dau1ey rats veighing 350 - 400 grams were used. The rats
éere d1v1ded into four groups' control, 5, 15 and 25 mg Guthion/kg. The
éuthion, disso]ved in propylene g]ycol, was administered orally with
feed1ng need]es As soon as the animals showed symptoms of organophosphorous
poison1ng, Tike fascmcuTat1on and dyspnea, they were decapitated and their
blood was co]]ected 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

1
H

| Twelve horses were obtained from the Uninersity of California, at
Davis, Sehool of Veterinary Medicine. They were placed into four different
groups Each'of the three hcrses in group one were fed with 25 PPM Guthion,
egroup two 50 PPM, group three 75 PPM, and in 'group four 100 PPM as described
:preV1ous]y In order to determine the ChE activity in these horses, blood
samples were taken after 2, 5 and 7! days of feeding Guthion.\ Recoveny

|
of ChE act1v1ty was determ1ned after 2, 7, and 10 days post-treatment!



Table 1. Animal Date: Animal no.s agé; weight; hay consumptien; .
Dose (PPM), feed consumption basis; -dose, mg/kg body weight.

Dose Average Average - Total daily
(PPH) Animal Age Animal Average Hay Hay Dose of Dose
(hay consump-  Number  (Year) Weight  Animal wt. Consumption Consumption Guthion (mg/kg
tion tasis) . (Kg) (Kg) (Kg/day/horse) (Kg/day/group) (mg) M)
0 1 15 - -468 " 9.0 ] 0
0 2 16 . 430 447 - 9.0 9.16 0 0
0 3 4 -443. : 9.5 i 0 N
5 4 12 © 428 8.5 o8 - oL -
5 5 20 .. - 496 452 - 9.0 . 9.00 - F 8 = 7 0.118
g 5 ‘6 55 432 . 9.5 - e N B
L5 7 9 1 457 . 9.0 N 255
15 8 12 .. 439 451 9.0 ) 9.00 255 = 0.565
15 9 16 ~ 432 o 5.0 255 & - F
R X 10 9~ 435 o 9.0 . 425 -
§ 25 n 8 - 400 T 426 8.5 - 109,16 425 1.00
25 12 6. - 442 - 9.0 ; 425 =
50 13 10 . - 482 ) 9.5: : . 850 S
50 14 4 = =404 " 432 8.5 < 58,16 ~ 850 Yo 1397
50 15 7 432 : 9.5 ) : 850
.75 16 6 432 9.5 1275 N
15 17 12 432 424 9.0 9,00 1275 3.00
75 = i1Gemmm B . __ 409 ) 8.5 1275
100 19 16 459 8.5 1700
100 20 7 409 430 9.0 2.00 1700 3.97
e o - -~ Ann o r __1 70nn




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 @ 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. It was also found that none of
the horses exhibited any physical signs of toxicity during the 30 day feeding
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 th-se rats.
The symptoms of toxicity observed were: fasciculation, Tacrimation, défec-

-ation, urination, difficulty in breathing and death. |

i3

x

_The effects of 5, 15 and 25 mg/kg Guthion are shown 1n°Tab1e,III§
ni ., « This experiment provided evidence that the Guthion used during the

4
first experiment in horses was as potent as claimed by the supp]ier.é



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

It was observed that'25 PPM Guthion after five days of feeding caused
a § percent depression of RBC ChE activity and stayed almost at the same
level at the end of the experiment. However, atzih{;,désé‘iével, no depres-
sion of the plasma ChE activity was observed. It was found that 50, 75,
“"and 100 PPM Guthion caused a decrease in ChE activity of hoth the RBC and
' plasma. The activity of the former was more depressed than that of the:
atter. 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 Ffects of 25, 50, 75 and 100 PPM’Guthion on the RBC and plasma
ChE activity of individual lorses ‘are Shown: ‘in Fugures 3, 4, 5 and 6,
respective1y 'Table 'IV shows the composite data ‘of the four groups of
"horses. S . T . |

A11 plasma ChE activities recovered aftér seven days ‘post-treatment,
except for 100 PPM, which sti1] had 8 percent depression. Only the RBC
ChE activity at 50 PPM have recovered completely after 10" days post-treat-
ment, 75 and 100 PPM sti11 showed 7 and 16 percent' depress1ons, respec~
tive]y o - S o f

Figures 4, 5 and ‘6 show the post-treatment recovery of RBC and p]asma
ChE éctiv1ty of individual horses after feeding 50, 75" and 100 PPi Guth1on.
A compos1te data for these three groups of 'horses isshown in Table V.

It can be seen that f1rst there is a rap1d partia1 recoveny of both RBC
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.and,plasma ChE'activity; followed. by a sTower return ‘to ‘control values.

i

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.

75 and 100 PP of Guthlon feeding are also represented in the above
figure. : X . r : {
_ On the body we1ght basis (Tab]e I), doses of Guthion at 0. 12, 0. 57
‘i”!{

.and 1.00 mg/kg ne*ther caused any phys1ca1 signs of toxicity nor any /

1
]

,depreso1on of cho]inestexase activity in any of the horses. Guthion at
2, 3 and g mg/kg was however associated with a considerable depression

of ChE activity but no physical signs of toxicity.



Tab]e -11. ,,-Red.blood Ee] 1, and plasma, cho'l1nestera°e act1v1ty after 3, 7,
14, 21 and 30° days of feedmg Guthion at 5'and‘15 PPH.

1

4 YR, gl [P O AP Peo wey Ty . N 4 [ ‘
A S Y A B VA R S L X NEMYARNEE Loy

4

sep b - > 7 % . <! 1 we V3
¥

[

k3

..+ . Dose Lo Cho'hnesterase Activity of RBC and P'lasma Expressed
Guthign parts per as A0D/5 min.®
Million
RBC % of Plasma. % of
4 (PPH) . ControtP Control®
Control : ‘,Avﬁli S,E(3)C hvg * SE(3)
v 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 0.117 + 0.033 100.90
14 days 0.134 + 0.024 100.00 0.110 + +.029 100.00
21 days 0.133 + 0.020 99.40 0.108 + 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 + 0.026 160.00 -
3 days 0.111 + 0.009 100.90 0.120 + 0.027 100.00
7 days 0.108 ¥ 0.012 99.99 0.120 ¥ 0.026 100.00
14 days 0.112 ¥ 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 + 0.014 100.¢0 . 0.118 * 0.023 98.33
15 PPY
0 day 0.116 + 0.008 100.00 0.083 + 0.005 100.00
3 days 0.114 + 0.013 98.27 0.086 + 0.003 103.60
7 days 0.114 + 0.015 98.27 0.085 + 0.002 102.41
14 days 0.114 + 0.014 98.27 0.084 + 0.005 101.20
21 days 0.113 + 0.015 97.33 0.085 + 0.002 102.41
30 days 0.115 + 0.010 99.33 0.085 + 0.004 102.41

a. See the method section for details.

1
]
i

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

e 3 . 3 * o,?
¢. Figure in parenthesis indicates number of separate determmahgons.
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. Table 111 J’E'ffééts‘bf"qral“admini‘s'tra(ti'pn of Guthion on the Red blood.

i

“* cel1"anhd plasma cholinesterase activity in adult male rats;
’ i i t ;

Al
¢ -

B! Dogeﬁ‘” Cpgliné?terase act;:j:gbgg g?gsagd p!ésma;ef%f?%sed % of iRats
-mg/kg o i SRR showing
L2 e r; 1 :‘u '\x "””1 (\( i (‘ tOXiC
“iRBC3n % of, .| Plasma % of signs
e s . control ‘ - control™ }
o Mgk SE()S ek g o se(ayC ;
L E (Y VRS N ; , :
.+, Control, , 0.094 +.0.002 100.00": | 0.031 + - 100,00 0
= A Tt A v g ’ ,i
5 mg/Kg ~ 0.075 + 0.005 79.78 | 0.026 + 83.87 oi
. , oo o RN {
25 mg/kg 0.024 +:0.003 - 25,53 +0.009 + - ° " 371.60 100: /
i i ‘: A ‘I{r!‘: s, , 2
VA
8+ See the method section-for details., wid s
*“t . ‘:»\ -, fy ‘ ," f‘lr7€
b.- In each group ChE activity on Zero iday was the control valup.
. , , oo i - %
c. Figure in parenthesis indicates number of separate determinations.
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Table 1V, . Red blood cell and plasma chiolinesterase. activity after 2,

N TR Lty i*,v’:-l?('f'sf
. .
.

HeB, and'7 days o
RTINS %'%and’lﬂo PPNM.-

¢

f Teeding Guthion at 25 PP, 50 PPif, 75 PPH

- Dose .’ .o,

..+ Cholinesterase Activity-of RBC a

{
nd Plasma Expressed

“Gdthif?]p?rts per ni: Y ine as A0D/5 min.8.
- 4il1lion k ' !
RBC % of Plasma % of
Vo (PPH) Co Controlb ) _ Controlb
" 95 PPN Avg + SE(3)° "Avg + SE(3)°¢ S
0 day 0.117 + 0.015 100.00°  0.092 + 0.018 1€0.00
2 days 0.117 + 0.017 100.00  0.093 *+ 0.019 101.08
. 5 days ~0.111 7 0:015 - -94:90 ' 0.090 ¥ 0.017 98.00
7 days 0.113 + 0.016 ‘9‘6.58 0.092 + 0.015 IOO.QO
ey - { Z
50 PPH w0 e * !
0 day 0.135 + 0.016 100.00 = 0.083 + 0.013  100.00
o 2 days nir 0,125+ 0.015 - 92,60 ' 0.078 * 0.012 94.00
5 days 0.101 + 0.012 74.81 0.066 + 0.010 80.00
7 days 0.083 + 0.010. . 61.47 0.062 .+ 0.009 74.70
!
75 PPH | , ‘
0 day 0.113 £i0:008 "™ 100.00 0.0%4 + 0,007 100.00
2 days 0.101 + 0.011 83.20  0.070 *+ 0.017 84.08
o 1 Brdays: oo v00.068 £0.005 - - 60.17 ¢ 0.064 ¥ 0.005 68.00
7 days 0.060 + 0.004 53.10 - 0.055 + 0.004 58.50
R T R P R i
100 PPH X §
0 day 0.127 + 0.013 100.06 ,0.088 + 0.021 100.0%
2 days + 0.101 £ 0.0 80.00  0.070 + 0.017 79.9%
5 days 0.069 ¥ 0.007 55.00 ' ' 0.053 ¥ 0.012 60.24
7 days 0.063 + 0.006 49.66 0.047 + 0.010 53.40g

a.. See the method section for details, '

b. {n each group ChE activity on Zero ‘day was the control value.

c. Figure in barent;hesis indicates number of separate determinations.



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

et 4 e

- e Bose \ Cholinesterase Activity of RBC and plasia .,
~Guthio?'parts per as 4 00/5 min.2 o
Ml Ton L ,
i y ' RBC % of Plasma :
ol (??h) Controi® . G
Avg + SE(3)€ Avg 1 SE(3
50 PPM
2 days 0.721 + 0.014 89.63 0.077 + 0.01¢
- - - 7 days 0.134 + 0.015 99.26 0.082 + 0.Ul.
10 days . 0,137 + 0.015 101.45 0.085 + 0.01¢ ]
75 PPM ’
i 2 days 0.090 *+ 0.005 79.64 0.082 + 0. .,
, 'y 1.days 0.096 + 0.007 84.95 0.092 + 0.uuA
© 10 days 0.105 + 0.014 93.00 0.093 -+ n rt
100 PPM
2 days 0.037 + 0.009 68.42 0.069 + 9.41-
7 days 0.096 ¥ 0.010 75.58 0.081 * 0.0e0
10 days 0.106 + 0.0M 83.46 0.08% + 0.62]

i
Loy

a. See the method section for details.

b. In each group ChE activity on zero day was the control. valu-.

Cold .. .
c. Figure in parenthesis indicates number of separate determin:tio:.
. 1

f
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DISCUSSION

i
The maximum permitted residual levels of an organophosphorouL
Lo

It
compound on a food cropJare based primarily on the ant1cholaneste%ase

' activity of the 1nsect1c1de A study of the potency of Guthion as a
cholinesterase 1nhib1tor is important from the standpoint of ascerta1n1ng
the adequacy of cho]1nesterase inhibition as a measure of perm1ssab1e

dietary levels. Those data in Tab]e II show that there is no marked

}

. ~Cchange in blood ChE activ1ty when horses were fed 5 PPM and 15 PPM Guthion.

t
M

The dose of 25 PPM. seemed to cause a s]1ght decrease. It should be noted

1
|

that th1s dose might cause a s1gnif1cant chanqe uhen fed for a longer
period of time (Table IV). Table IV shous that 50, 75 and 100 PPM ' caused
a very marked decrease in ChE act1v1ty u1thout manlfest1ng any physwca]

: s1gn of poisoning Therefore, decreased blood ChE activity was used
primar11y as an index of Guthions biological effect. In this study, the

m§x1mum residual Tevel that the horse could to1erate wathout shonlng any
sfgns of toxic1ty would be between 25 and 50 PPM 3/’ 7 i ‘
}sa~ Depress1on of blood ChE act1v1ty has been comnonly used as a reﬁaab]e
indicat1on of exposure to. organophosphorous pest1c1d°s, partacu]arﬂyi1n |
héman med1c1ne (Metca]f, 1951 Callaway*et al., 1951) but its d1a?nost1c
savalidtty when app11ed\to domestlc an1mals has been criticized on two”

a
2 g

cgunts First, it has been said that var1at1on among anlmals (Radeleff
r'f ..

| d .Woodard, 1957) and in individual anwmals at d1fferent twmes and under

d%fferent condltions (0'Kelly, 1965) was too great to e%tabllsh a usefu1
B g maters e n .,wm..“‘i..ww, 1~.,.,.M... PR + apnt

normal range. Secondly, c11n1qa] effects have been reported in spate of
4”m .3? .
Tow inhibition of cho]1nesterase act1v1ty On the other hand comp]ete
FOLOCHO O, COUTLOY

inactivation has been found to occlr ‘without symptoms (Rade1erf and

LI



wrWoodard, ~1957). Some -authors (Radele=f 'et. aly 1963) have .observed

»clinical toxicsigns that.are accompziied by la very' marked a1l in blood

'»t.cholinesterase activity: . @ ™ R T A T
- 2imensIn thisistudy, depression ‘of ChE activity occurred as high as 50%
”lwithout.manifestation'of.any-overt toxic signs.: This is consistent with
-,tﬁé observation made by Anderson (1969) that calves would tolerate an
iéihhibitionvofwtheir ChEzactivity by.as much as 64% without exhibiting any
i physical signs:of toxicitys 'In sheep, -signs of ‘organophosphate toxicity
"would be seén®only:after.inhibition o< at least 70% of the ‘cholinesterase
activity. ‘In-rats;oh:theother hand, 50% inhibition resulted in toxic
signs in 50% of the animals and 75% inhibition caused ‘clinical signs in
‘all animals. ' It -isvevident, therefors, that toxic effects do not appear
© without>acsevere depression ‘of ChE activity in cattle, sheep and horse.
o The:presence’of overt.toxic signs, a cepression-of ChEactivity can be of
- some help in'confirming: the organophosphate \poisoning in certain species of
~animals but not in others. A RPN YT, b
'RBC:ChE’ activity:as' shown:in Tables, 1, I11,-.and IV, had‘higher activity
than plasma.- It:appears that there isimore.icholinesterase inithe RBC, except
that of the animals nos 5 and 6 fed Euthion 5 PPM. Secondly, fas there is
- more’ AchE:in: RBC: than:in:plasmas the substrate. (acetylcholine) used in this
study is:hydrolyzed faster:by. AchE: than:by PchE:(Struge: and Whittaker, 1950;
cMounteﬁfand;whittaker,t1950);~this:mdyfaccouht; therefore; for a greater
ractivity: ofiAchE -associated: with:the red:bloodi cells: than-with the plasma.
Recovery of RBC ChE has been reported to occur:: initwo stages, a rapid
partial recoveny being followed by a slower linear return to normal (B]aber
- and Creasey, 1960). In this study, the data suggests-a similar pattern |
of recovery for RBC ChE. During the first stage the inh1b1ted enzyme 7

undergoes two 51mu1taneoua reactions: spontaneous reactivation by hydrolysis,


http:ChE~abtivityby.as

and aging in which tbe inﬁibited enzyme is converted into a form which
« would -no;longer be;reactivated:spontarieously. or be:veactivateduby oxime
i treatment. ; When all.the inhibited-enzymes areipresent in~thefaged form

no further recovery of the blood ChE will:occur. -The: ~secondustage of

recoveny is that iniwhich the raterof.blood ChE:recoverysbecomes equal

.to the rate of de.novo enzyme:synthesisiand this.in!turn:replaces the

¢

Jjnhibited ENZYMES. Jrsih (“holj gy Tagi g0 mlt piod Lynnatn et
i+ - The second:stage-of the red;blood:cell ChE:recoveryiwasassociated
' with.the formation ofinew cells (Blaber;and-Creasey;:1960):. Although
Mo attempt was made-to:determineithe hematocrit-of horses :in:the present
-study, a-slight increase in.the :;packedired-blood cell volume:seemed to
exist at thé end of . theiten day recoveryiperiod.:c v of . .piw
" In general, the:-rate of recovery.ofiinhibited PchE .activity is much
*faster.thanithat of the.true ChE inhibited:by.the-same.compound (Davison,
+ 1955) / :The ‘mode: of :recovery of:plasmasChE was-similaito:that of RBC,
-but (it appeared: torecover.well.ahead of-RBC:: .Thisis;probably due to
two reasons: first, a less stable enzyme:inhibitor comp]ek‘(Aldridge,
41953, Fulton. andtMogey,:1954) which>undergoes: spontaneous hydrolysis
(at a much: fasterurate;and ‘secondly,..de novo;synthesis.of. PchEiby the
‘.\1.1ver.ua R R Y I O B B S o S RTY RN S P
w‘{qH%Itzwas=freQuently.noticed that: the:activitylof:both plasma and red
.blood. cel1-ChE's :was higher during  the:post-treatment.period: than the
:pre-treatment.: This.could be attributed to. induction: of:.new.énzyme B

Isynthesisﬁaftér=the#termination‘oﬁxGuthionutreatmenttasvsuggested by

+Conney :(1959).



1 {CONCLUSION

Guth1on fed: to horses at leveISrs and 15 PDHifor ‘thirty days and

- l
‘* 4

25 PPM for seven days fa11ed to produce any s1gns of oqgmophosphonous
po1son1ng No detectab]e physical s1gns of tox1c1ty or any depression
g of blood ChE act1V1ty was observed at these 1evels. On the contrary,
when Guthzon was fed at h1gher dose levels, such as’' 50, 75 and 100 PP}
*for .seven days then a marked decrease in blood ChE act1v1ty vas obtained.
The red b]ood cell ChE act1v1ty at the above dose levels dropped to 61,
53 and 50% of the pre—treatment contro] respectlvely. +The PchE activity
‘aF the correspond1ng doses was reduced to 76, 58 and 53 percent of the
contro]. Inspite-of: a striking decrease in the b]ood ChEs activity no
phys1ca1 signs of tox1city were .observed at any. t1me. It was therefore
conc]uded by th1s investigation that the maxxmum to1erab1e dose of Guthion
1n horses would fall betueen 25 and 50 PPM. . L

A marked decrease in blood ChE act1v1ty after seven days of Guthion
feedmg Vat 50, 75 or 100 PPM was fo]loued by a rapid recovery in enzymatic
activ1ty‘ ‘éonsequent]y, no s1gn of ChE, 1nh1b1t10n was demonstrable at

the f1rst two dose levels after ten days post—treatment,except for a

s]1ght 1nh1b1t1on (7%) in RBC ChE activity at 75 PPM Guth1on level. A

.'1
S
® )e;‘ """"

after that time only-at 100 PPM Guthion.,:
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