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ABSTRACT 

The variation of three diisopropyl fluorophosphate (OFP) lots 
obtained from two sources was Investigated. The effects of 
different lots of DFP on body weight, mortality, and brain 
acetyichollnesterase activity in rats varied significantly. The 1n 
vitro effects of these DFP preparations on braTn 
acetylchoHnesterase activity also were markedly different. It 
appears that different commercial preparations of DFP possess 
different potencies and that the same apparent doses of different 
OFP preparations will not produce the same effects upon any 
physiological system under study. 

INTRODUCTION 

Diisopropyl   fluorophosphate  (OFP)  1s an odorless, colorless 

volatile liquid    which is commonly used In research laboratories 
2 3 

as   an  Irreversible cholinesterase  Inhibitor * .   Although OFP 1s 

very  toxic   to  all   species   of  animals,   there   Is  difference   In 

susceptibility  among   species .   In   an   attempt   to   Initiate   the 

studies   on   neurotoxlcity   Induced   by   DFP,   we   have   encountered 

difficulty due to variations in potency when different lots of DFP 

were   tested.    Therefore,   the   present  communication  reports  on 

experiments  designed   to  study  the  variation  of  three DFP lots 

obtained   fron  two  sources.    The   study   Includes   the effects  of. 

different      lots      of      DFP      on     body     weight     and     brain 

acetylchoHnesterase  activity  in  rats.    The Jn, vitro effects of 

these  DFP  preparations   on brain acetylchoHnesterase activities 

also are compared. 
By, 
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MATERIALS AND METHODS 

Materials and animals:      The    three    different    düsopropyl 

fluorophosphate   (DFP)  preparations  used   In  this  experiment were 

purchased from Calbiochem-Behring Corp. (La Jolla, CA) and Aldrlch \*tj 

Chemical   Co.  (Milwaukee, WI).    They are designated as DFP-1 (Lot 

101318, Calblochem), DFP-2 (Lot 103288, Calblochem) and OFP-3 (Lot 

1029PH,   Aldrlch).     Each  preparation was  sealed   in a glass  vial * 

with  1 gram 1n each vial.    Each  1 gram unit of DFP was diluted 

with  saline   to  make  up   100 ml.    This   stock solution was  then 

divided  Into S to 10 ml allquots In test tubes.    They were then 

stored In a freezer.    Different lots of DFP were prepared at the 9 

same time. The desired concentrations of DFP were freshly prepared 

before use.    Ac«tylth1ochol1ne iodide and 5:5-d1thio-b1s-2-n1tro~ 

benzole add (DTNB) also were obtained from Calblochem (La Jolla, 

CA).    Male  Sprague-Dawley  rats weighting  175 to 200 gram*  from 

Charles River Breeding Labs (Wilmington, MA) were used throughout 

the study. 

Treatments of animals:     In   the   lethality  study,   rats  were 

administered with various doses of DFP ranging from 1 to 8 mg/kg, 

'* s.c,   depending   upon   the   different   preparations.    Mortalities *        • 

occurring  within  24 hours after the administration of OFP were 

recorded.    The number of animals which died at a certain DFP dose 

during various experiments are summarized in Table 1. 

„. When   the   potencies   of   different   DFP   preparations   were t 

compared,   4  groups  of rats with 3 rats  In each group received 

saline    (1   ml/kg).    0FP-1.    DFP-2   and   DFP-3.   2   mg/kg,    s.c, 

respectively.    The body weight of each rat prior to and 24 hours 

after   the   administration   of  saline  or OFP was   recorded.    All 

groups of rats were sacrificed by decapitation 24 hours after the 

treatment.     Whole   brain   acetylchollnesterase  activity  of   each 
animal was assayed. 

In another experiment,  the in vitro effects of the different 
'• DFP  preparations   on  acetylchollnesterase   activity   In   rat brain * 

< homogenate also were determined.    Dose-response effects for each 
a 
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OFP     preparation     were     studied    with    at     least     four    DFP 

concentrations. 

Biochemical assay for acetylcholinesterase activity; The 

colorimetric method of acetylcholinesterase activity by Ellman et 
5 

al_»    was   used.    Each  brain was  homogenized with 0.1M phosphate 

buffer, pH 8.0, In a Potter-Elvehjem homogenlzer with 20 mg of 

tissue per ml. Two 0.4 ml aliquots of this homogenate were added 

to separate cuvettes containing 2.6 ml of 0.1M phosphate buffer, 

pH 8.0. OTNB reagent (0.01M In 0.1H phosphate buffer, pH 7.0), 

100 uli were then added to each cuvette. Twenty ul acetylthlocho- 

llne Iodide (0.07SM) were then added to the sample cuvette. The 

absorbance was measured at 412 mu with a 8eckman~2t>00K spectropho- 

torceter and changes In absorbance were recorded. In studies of 

the jn. vitro Inhibitory effects of DFP on brain acetylcholinester- 

ase activity, the same procedures were used except different con- 

centrations of DTP were added directly to the reaction mixture. 

RESULTS and DISCUSSION 

Effects of different DFP preparations on lethality 1n rats; 

There were significant, differences 1n potency on mortality rate In 

rats treated with different DfP preparations.    As shown In Table 

1, DFP-2 was the most potent preparation among the three tested. 

TABLE 1 

Effects of Different DfP Preparations on Lethality in Rats 

DOSE MORTALITY«       

> 

mg/kg, s.c. OFP-1 DFP-2 DFP-3 

lng/kg 0/10 0/16 

2 ng/kg 0/20 3/30 0/3 
4 mg/kg 0/20 8/8 0/3 
5 mg/kg 0/10 4/4 

6 mg/kg 8/8 
8 mg/kg 4/4 

•timber of animals that died 
Total number of animals tested at a dose 

\ 
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Effects of a single administration of different CFP prepara- 

tions on body weight and brain acetylchollnesterase activity in 

rats: The body weight and brain acetylchollnesterase activity lit 

rats treated with the same dose (2 mg/kg, s.c), of the three DFP 

preparations also were compared. As shown in Table 2, body 

weights of rats treated with DfP-1 were not significantly 

different from those of the saline-treated controls 24 hours after 

DFP was Injected. In contrast, both DFP-2 and DFP-3 treated rats 

lost 111 of the body weight as compared with a 4X weight gain in 

control animals. Thus. DFP-I was less potent than the other two 
preparations. 

As far as the acetylchoHnesteras, activity In brain Is 

concerned, the different batches of DFP also exhibited marked 

variations 1n the degree of enzyme Inhibition. As also shown In 

Table 2, the brain acetylchollnesterase activities were 45.3« 64.3 

and 53.6S Inhibited in DFP-1, DFP-2 und DFP-3 treated animals, 

respectively. These differences 1n brain acetylchollnesterase 

Inhibition by the three DFP preparations were statistically 

significant.    Thus   the  order  of  potency  was DFP-2>DFP-3>DFP-1. 

The In vitro effects of different DFP preparations on brain 

acetylchollnesterase activity: Different DFP preparations also 

exhibited significant differences In the degree of Inhibition of 

brain acetylchollnesterase activity when they were tested Vn 

vitro. As shown In Figure 1A, all three preparations exhibited 

concentration-dependent Inhibition of brain acetylchollnesterase 

activity. The median inhibitory concentrations (ICSOs) were 18, 

12 and 14 ug/ml for OFP-1, DFP-2 and DFP-3. respectively. When 

these ICCQ were compared with the brain acetylchollnesterase 

activity In animals treated with DFP, 2 mg/kg, s.c, for 24 hours, 

there was good correlation between \x\m v1 tro and in vivo data 

(Figure IB). 

The results of these experiments have demonstrated the neces- 
sity for knowing (and reporting) acetylchollnesterase Inhibitory 

potency of any preparation of DFP to be used 1n research 
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investigations. Since It 1s apparent that different commercial 

preparations of OFP do possess different potencies, we can expect 

that the same mg/kg doses of different preparations will not 

produce the sane effects upon any physiological system under 

study. We therefore suggest, on the basis of the present report, 

that   Investigators   determine   and   report   the   ICrfi   of   any  OFP 
preparation   being   studied,   and 

fractions or multiples of the IC,. 

50 
furthe»*   report   doses   used   as 

value. 

TABLE 2 

Effects of Single Adiinlstrati on of Different DFP 

Preparations on Body Weights and Brain 

Acetyocholinesterase Activity in Rats 

Bra in Acetylchollnes- 
Body Weight, g ± S.E. terase Activity 

Treatments Berore 24 Hrs after unoles of acetyl- 
2 mg/kg, s.c. Administration Administration thiochollne Io- 

dide t S.E. 

mln/gram 

Saline 185.3 ± 7.3 192.7 ± 5.5 7.76 * 0.20 
OFP-1 179.3 ± 0.6 182.7 t 3.8 4.20 * 0.11* 

OFP-2 183.3 t 4.4 163.3 * 4.3*+ 2.77 t 0.18*+* 

OFP-3 184.7 ±8.8 162.7 t 6.2** 3.60 ± 0.10*+ 

OFP-1:   Lot 101318, Calblochem      Symbols *, * and t are the In- 

dications of significance <p < 

0.0S) 

OFP-2:    Lot 103288, Calbiochem     *: All Off» groups compared with 

the control group 

OFP-3:   Lot 1029PH, Aldrlch *: DFP-2 or OFP-3 compared with 

OFP-1 

t : OFP-2 compared with DFP-3 
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Figure 1. A. J_n vitro effects of different OFP preparations on 

rat brain acetylchollnesterase activities. Four different 

concentrations of DFP were tested In duplicate. B. Correla- 

tion between In vivo and In vitro effects of different pre- 

parations of DFP on rat brain acetylchoHnesterase activity. 
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ABSTRACT 

Single 8.C. Injection of 1, 2, 3 or A 0g/kg of DFP in saline was 

given to male rata. Control rats received aaline. Beginning 24 hr 

after injections, body weights and food and water consumption wert 

measured at 24 hr intervals. The I and 2 ag/kg DFP-trested group 

maintained these parameter« at levels equal to those of tha control«. 

Tht other DFP-treataent groups showed significant depression« In body 

weights and in food and water consumption, but these groups recovered 48 

and 72 hrs after DFP administration of 3 eg/kg or 4 eg/kg, respectively. 

Daily injection« of 2, 3 or 4 mg/kg of DFP, s.c, caused significant 

depressions of all three parameters, with only 7SZ of the 2 mg/kg group 

•howlng recovery over the 14 day treatment period. Of the 2 mg/kg 

group, 25Z died follow*4g the 6th Injection, 100X of the 3 mg/kg group 

were dead following the 4th injection and 100Z of the 4 mg/kg group ware 

dead following the 3rd injection. Prior to deaths In all DFP-treatment 

groups, the decreases in body weights and in food and water consumption 

were progressive and dose-dependent. The data «how dose-dependency of 

genera? toxlclty during acute and subacute exposure to DF? and of 

tolerance during subacute exposure. 

11 
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INTRODUCTION 

The toxicity of organophosphate Irreversible Inhibitors of cholln- 

esterase has been extensively studied (Murphy, 1980). Along with 

studies of toxicity, tolerance to these agents has aroused Interest 

since ths phenomenon was first reported by Rider et al. (1952). Those 

studies Involved octamethyl pyrophosphoramide (OMPA) and were aimed at 

obtaining as much Information as possible regarding the therapeutic use 

of OMPA in myasthenla gravis. Therefore, these studies which reported 

tolerance to the agent, with no gross or microscopic pathological 

changes, upon chronic administration, were clinically exciting. Since 

that report, there have been other reports of tolerance to 

organophosphate chollnesterase inhibitors, both in man (Summerford et 

al., 1953; DeRoeth et al., 1965) and In animals (Brodeur and DuBola, 

1964; Glow and Richardson, 1966; Glow and Rose, 1966; McPhllllps, 1969; 

Richardson and Glow, 1967; Stavlnoha et al., 1966). Russell et al., 

1971a, 1971b, 1975) and Overstreet (1973) have reported on studies of 

chronic administration of dllsopropylfluorophoephate (DFP) and the 

resulting behavioral tolerance to low dose administration of DFP. In all 

of these reports of tolerance to DFP, an initial dose of 1.0 mg/kg of 

DFP to rats was followed at 3-day Intervals by 0.5 mg/kg doses. Animals 

were housed in 24 Ur lighted quarters and the one-hour consummatory 

behavioral responses (drinking, lapping and eating) were measured after 

23 hours of food and water deprivation. Results of their studies showed 

not only that behavioral tolerance does develop to chronic maintenance 

of chollnesterase at low levels of activity (approx. 27Z of normal); but 

rhey also provided evidence Indicating that ihe time characteristics of 

development of tolerance to DFP was different for the different 
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consummately behaviors.  Development of C^V-; ace was reported to be 

sie'iiflcjantly faster as evidenced by eating behavior than by drinking 

behavior, the latter behavior requiring about twice as long to become 

normal as did eating behavior. 

i The present study was undertaken in order to examine more closely 

■-V the effects of acute and subacute toxlclties of DFP on consumnatory 
5"*«* 

behaviors under more natural conditions (I.e.« without deprivation In 

fit 
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addition to 12 hrs of nocturnal environment) and to further study the 

effects of tolerance to continuous exposure to DFP on these behaviors. 

METHODS 

Animals and chemicals; Kale, Sprague-Dawley rats (Charles River 

Breeding Laboratories, Wilmington, MA) with initial weights of 175 - 200 

g were used. Animals were maintained ad llbltua on standard laboratory 

chow and tap water and were housed in a room with automatic 12 hour 

light and dark cycles and temperature set at 25.5 t  1.0'C. They were p   #   $j 

kept in the animal quarters for one week prior to beginning the 

experiments.  Dilsopropylfluorophosphata (DFP), Calblochem Lot #101318 

was used throughout all studies. This preparation of DFP was found to 

►"•■' have an IC,Q value in vitro of 18 ,g DFP/ml (concentration required to 

JSk Inhibit SOZ of the cholinesterase activity In whole brain homogenstes 

from rats). 

Effects of single administrations of DFP on body weight, food and 

water consumption; Four groups, each containing 5 rats, were injected 

with DFP, subcutaneoualy, In doses of 1, 2, 3 or 4 mg/kg in saline. A < 

control group of 5 rats was injected with saline alone. Individual rats 

were kept in stainless steel wetabollc cages.  Twenty-five grama of 

.% powdered food and 150 ml of tap water were available for each rat every .r .     J 

•    •   1 
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vJ recoiled daily. The percent of change from Che body weight on the first 

.j day of administration was recorded for each animal.  The mean body 

■'.'- weight change (S S.E.H.) was obtained from all rats in a given group. 

ft .■> 

."* 

Food and water consumptions per 100 g of body weight were calculated 

v£ similarly.  Differences between the means of various treatment groups 

were evaluated by the test of variance. 

Effect of dally administration of DFP on body weight, food and 

£•; water consumption, other toxlcity and cumulative mortality: Three 
•v' 

£-,-' groups of eight rats each were treated dally with DFP in dos<es of 2, 3 
m 

or 4 mg/kg« i.e. The control group received daily B.C. Injections of 

1 

tf 

A 

a. 

2 mg/kg of DFP or with saline alone. DFP, when given at doses of 1 or 2 

mg/kg, did not affect body weight. However, in the groups of rats which 

\%1 day.  Body weight and food and water consumptions of each animal were a* 

* 

saline (1 cc/kg). These animals were also housed, fed, and given water 

v' . exactly as described for the single injection studies. Body weights and 

food and water consumption of the animals in each group were recorded ■>   #   I 

prior to each dally injection and other symptoms of toxlcity (tremors 

and ocular hemorrhages) were monitored visually. The da** were treated 

3 in the same way as those from the acute experiments.  Any mortality 

appearing within a given group was recorded before administration of the 

."„1 next dose to survivors In that group. 

S RESULTS 

.*• Toxlcity Induced by a single administration of DFPt The   results 
':+ 

clearly demonstrate that DFP induced toxlcity, as evidenced by loss of ' 

'-■? body weight, In a dose-dependent manner (Figure 1). Rats which received 

;/ DFP at 3 to 4 mg/kg lost weight dramatically during the first 48 hr • 
V 
V period following DFP administration, compared to rats treated with 1 or 
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V. 
;•-. received higher doses of DFP, and which did suffer weight loss, the body 

| weights started to recover at 48 and 72 hr respectively, for the 3 mg/kg 

and 4 mg/kg groups.  Five days after the administration of DFP, there 

were no significant differences In body weights between the groups. 

J There also were no significant changes in food consumption In the 

■V groups of animals which had been treated with single doses of 1 or 2 

\.' mg/kg of DFP (Figure 2).  However, there was a dose-dependent decrease 

1 in food consumption In The groups of animals which had been administered 

e ;•'• single dope of 3 or * mg/kg of DFP. Rats receiving DFP In • dose of 3 
K;' 
.\| or 4 mg/kg showed food consumption which was only about 40Z and 20Z that 

of the control group, respectively, at 24 hr after administration of 

DFP.  The group which received DFP, 3 mg/kg, regained normal food 

consumption by 48 hour«; however, the rats that received DFP, 4 mg/kg, 

exhibited food consumption which was still significantly reduced at this 

time.  Interestingly,  there was a significant Increase In food M 
'}j consumption 5 days after administration of DFP, 4 mg/kg. 
/» 

1 In terms of water consumption, rate which received the low dose of 

DFP (1 or 2 mg/kg) shoved no difference in drinking capacity from 

./ controls; however, rats which received the higher dose of DFP (3 or 4 

mg/kg) shoved a 30Z decreeae in water consumption within 24 hr (Figure 

>* 3).  Forty-eight hours efter DFP administration, vater consumption of 

thes* DFP-treated animals returned to normal levels. There was also 

evidence thee rate which had been treated with 4 mg/kg DFP had 

significantly higher water consumption than that of the rest of the 

«ft; group« 

B 

re 

Toxlclty Induced by dally administration of DFP; The   data   In 

L/> Figure 4 summarize the mortality of rats which received 3 different 

® 

• 
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doses o! DFP on a daily basis. Mortality began to occur 1, 2 and 6 days 

after daily administration of DFP at do1e1 of 4, 3 and 2 aa/ka, 

respectively. Rata which had been treated daily with high doses o! DFP 

(J and 4 mg/kg) all died within 4 days. Intertltinsly, of the rata 

which received DFP, 2 mg/ks. daily, seven animal• survived for the tvo-

week experimental period. 

Daily administration of DPP alao resulted in the loss of body 

weight in a dose-dependent unner (Figure 5). Rata receivins DFP at 

doses of 3 or 4 mg/ks lost weight dramatically compared to rata treated 

with 2 mg/kg of DFP or compared with saline-treated controls. the body 

weights of those animals which received daily adainistration of DFP, 2 

mg/kg, 1teadily decreased for the first 4 day1, remained 1teady between 

4 and 8 days, and then sradually increased. 

As shown in Figure 6, the hish doses of DFP (3 and 4 as/ks) cauaed 

a aarked reduction in daily eonaumption of food. lata reeeivinc 2 aslka 

of DFP exhibited an initial decrease in food eon1umption followed by a 

sharp regain which continued until after ten day1 of daily 

administration of 2 mg/ks DFP; food consumption vas significantly hiJher 

than that of controls. 

Studiu of water eonltlllption (Figure 7) revealed the bipbadc 

phenounon dmilar to that of food eoniWiption; that is, after the 

initial dec:reue in vatu con1waption in the lov clo1e DPP-treatunt 

sroup, on the 9th day of daily adminiltr.ation of 2 q/ka DPP, water 

consumption vas significantly higher than that of controls. 

Table 1 summarizes other toxic 1ymptoa1 nf rata treated daily with 

2, 3 or 4 mg/ks DFP, and reveals the do1e•dependency of the onset and 

severity of symptoms. Onset of symptoms va1 one day earlier in the 4 

•' 
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• 
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I ■ 
■* ™g/kg DFP-treated group than in the 3 mg/kg group; onset of symptoms In 

J the latter group preceeded that in the 2 mg/kg group by one day. 

'] In both the 2 and 3 mg/kg DFP-treatment groups, tremors were noted 

first, preceedlng ocular hemorrhages by one day. All animals in the 3 

and 4 mg/kg groups died within 12 hours of Che Sch and 3rd DFP doses, 

respectively (see Figure 4), and ocular hemorrhages vere apparent in all 

of the animals prior Co these final doses. 
i 

Ocular hemorrhages in Che 2 eg/kg DFP-Created animals disappeared 

'S afcer Che ninth dos.~ of DFP, preceedlng Che disappearance of tremors by 
i 

'*. 
'l 3 days.  All signs of coxlcicy remained absent for an additional two 
-. 
I administrations of 2 mg/kg DFP and an additional 48 hours of 

l> observation. 
.• 

.' DISCUSSION 
t 

j The results of these studies demonstrate certain similarities Co, 
■ 

as veil as differences from other studies on DFP-indvced coxiciCy and 

tolerance. It has been reported that a dosing schedule of DFP, 1 ag/kg, 

followed at three day intervals with doses of O.S at/kg maintained brain 

acetylcholinesterase activity at approximately 302 of control levels 

(Clow and Richardson, 1966; Russell et al., 1969, 1971a.b, 1975; 

Overstreet, 1973). V« have already reported that DFP, 1 mg/kg, dally 

for 14 days maintained brain acetylcholinesterase activity at 

approximately 33Z of control activity (Slvam ec al., 1982). Thus, it 

I appears that high levels of depression of brain acetylcholinesterase 

c. 

t- 

*\ 

activity allow for studies of DFP-indueed toxlclty and tolerance. 

Significant decreases in both water and food intake, beginning 23 

hrs after a single Injection of DFP, i mg/kg, with «horc-tera recovery 

Caking place between subsequenc Injection» of O.S mg/kg has been 
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reported (Russell et al., 1969, i 71b).  Ic has also been reported chat •.*■ 

24 hrs after a single Injection of DFP, 1 mg/kg, brain chollnesterase 

activity was approximately 30Z that of the normal animals (Russell et 

al., 1969, 1971a,b, 1975; Glow and Richardson, 1966; Glow et al., 1966; 

4 | Overstreet, 1973). Although* Glow et_ al. (1966) reported no evidence of ■ 
i * 
'; toxic effects with braf.n chollnesterase activity being 20-402 of 

controls, they did report body weights to be significantly depressed 

from normal weights during chronic administration of DFP. They reported . 

r a reduction in food consumption only at days 1 and 4 (following the 
* 
t 

first and second injections of DFP, respectively) with decreased water 

consumption throughout the entire experimental period.  Therefore 

tolerance to OFF in terms of water consumption was not found to occur. 
■ 

Russell et al. (1969, 1971b) reported tolerance to DFP-lndueed decreased 

!" water consumption and food consumption. Finally, Russell et al. (1969, 

4; 1971b) reported that the time to develop tolerance was shorter in terms 

of food Intake than of drinking behavior; and furthermore that a 

suprabaseline drinking bcha/lor was found following "withdrawal" of DFP 
if 

4 and after 25 days of normal drinking. 

In contrast to the above reports on DFP-lnduced toxlcity and 

toleranee, we found no acute effects of a single dose of DFP, 1 mg/kg, 

or of twice this dose, to decrease significantly either eating or 

drinking behavior. After 4 dally doses of DFP, 2 mg/kg, we did observe 

significant depressions In both food and water consumption as well as 

significant depression in body weights. Concerning the level of brain 

chollnesterase activity 24 hr after a aingle dose of DFP, we have found 

(unpublished data) that only those doses which are lethal upon chronic 

administration (3 and 4 mg/kg) inhibit brain acetylchollnesterase 

•   • 
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activity more than SOZ after a single Injection. We have observed 

significant signs and symptoms of toxicity when the enzyme activity was 

approximately 302 of the control level (see Table 1). Our studies 

agree, in part, with those of Russell et_ a_i. (1969, 1971b) in that ve 

have found that tolerance develops to DFP in terms of both eating and 

drinking behaviors. However, we found that chronic DFP treatment 

yielded similar effects upon both of these behaviors. In fact, the 

data, when plotted, result in graphs which are nearly superlmposable 

upon each other. That Is, maximum decreases In both consummatory 

behaviors occurred at the same time. Time to davelop tolerance was also 

the same for both behaviors as were suprabasellna performances which 

occurred during continuous DFP treatment. 

We can only surmize that the differences between our findings and 

those cited above from other laboratories are du« to different dosing 

schedules and to different potencies of DFP preparations. We have re- 

cently reported (Ho and Hosklns, 1982) on studies comparing different 

lots of DFP from the same and from different commercial sources. Ve 

showed that there exists some significant differences in DFP pre- 

parations such that the only way to avoid seemingly contradictory 

results In the literature is to report on the potency of the particular 

preparation of DFP used. 

On the basis of Chose studies, we suspect that the preparations of 

DFP used by other laboratories were considerably more potent than the 

preparation used in the present study. Our own data lead u« to suggest 

that the dose of 1 ag/kg followed at 3 day Intervals by 0.5 ag/kg would 

be equivalent to our DFP preparations in doses of 4 mg/kg followed at 

three day Intervals by doses of 3 «g/kg. In our hande, thoe doses were 
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lethal when given in daily injections, but not so if given Inter- 

mittently. 

We believe that our dosing schedule more closely relates to chronic 

exposure to organophosphats cholinesterase inhibitors than does inter- 

mittant dosing which, we have found (Sivam et al., 1982) does allow for 

some recovery of brain AChE activity (approximately 3AZ of inhibited 

AChE having regenerated by 24 hours). In the working environment, there 

would be continuous exposure to sublethal amounts of these agents. 

During chemical warfare there would most likely be acute exposure to 

lethal amounts of such agents. Therefore, we svggest that dally dosing 

with sublethal doses and acute dosing with lethal doses provides the 

best model for studies of toxlcity from and tolerance to these agents. 

Thus, we have clearly shown that tolerance does develop to sub- 

lethal continuous exposure to these egents. The tolerance can be seen 

in growth rates and In conaummatory behavior. Furthermore, continued 

exposure after the tolerance hes developed results la suprsbasellne con- 

summatory behaviors while growth rates remain the same as control growth 

rates. Many studies have provided evidence that tolerance to organo- 

phosphates Is due to a depressed sensitivity of muscarlnlc receptors to 

ACh (Ehlert et al., 1980a,b; Overstreet, 1973, 1974; Russell et al., 

1975; Sivam et al., 1982; Smlt et al.. 1980). With this in mind, then, 

we suggest that the suprsbasellne consummatory behaviors may be due to a 

compensatory decrease in the activity of the sympathetic nervous system 

and/or of central inhibitory neurotransmltters. 

Clearly, sine« both eating and drinking were affected simllerly, 

our data suggest that ACh is the transmitter or neural modulator in a 

number of behavioral systems.  Including motor function and  the 

® 
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regulation of water Intake.  Thus, alteration of the cholinergic system 

affects all patterns of behavior which are cholinergic. Russell et  al. 

(1969) have postulated that the motor function, eating, Is less 

dependent upon ACh than is drinking» accounting for their finding that 

drinking took longer for tolerance Co develop than did eating.  We, on 

Che other hand, found that with continuous exposure Co DFP, tolerance 

developed in both behaviors «C Che «am« race. Thus, Che dependency of 

one behavior on ACh more Chan Che other either does noC really exist or 

is not related Co Che development of true consummatory behavioral 

tolerance Co DFP. 
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parentheses Indicate number of rats studied in each treatment 

days of daily B.C. Injections of DFP.  Numbers In parentheses 

y indicate the original number of rats in each treatment group. 

[j£j FIGURE LEGENDS 

Figure 1.  Percent of original body weight (growth rates) as assessed * 

/■"•; for 8 days after a single s.c. injection of DFP.  Numbers in WW 

j J group.  Asterisks denote significant (P < 0.05) difference from 
its !V.-j; saline-treated control group. 

>\ Figure 2. Food consumption by each treatment group of rats during 8 

days following a single s.c. injection of DFP.  Numbers in 

^j-.,, parentheses indicate number of rats studied in each treatment 

\ group.  Asterisks denote significant (P * 0.05) difference from 

saline-treated control group. 

E\\ Figure 3. Hater consumption by each treatment group of rats during 8 

days following a single s.c. injection of DFP. Numbers in paren- 

theses indicate numbsr of rats studied in each treatment group. 

Asterisks denote significant (P < 0.05) difference from the saline- •   •   f 

treated control group. 

Figure 4. Percent mortality in each DFP treatment group undergoing 

dally s.c. injections of DFP. Numbers in parentheses indicate the y 

original number of rats in each DFP treatment group. 

Figur* 5. Percent of original body weight (growth rate) as assessed 

during dally s.c. injections of DFP' over a !4 day period. Numbers 

in parentheses indicate original number of rat« in each treatment 

group. Asterisks denote significant (P < 0.05) difference from the 

aallne-treated control group. 
iv a. 
»*■.■ Figure 6. Food consumption by each treatment group of rats during 14 
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Asterisks denote significant (P < 0.05) difference from the saline- 

treated control group. 

Figure 7. Watsr consumption by each treatment group of rats during 14 

days of daily s.c. injections of DFP. Numbers in parentheses in- 

dicate the original number of rats In each treatment group. 

Asterisks denote significant (P < 0.05) difference from the saline- 

treated control group. 

* 

. 
•-? 

M 

i 

.V 
i'. 

14 

gj  
-* * >\i^>i»i->^ 



3 

1. 

i 

£ 
■.-.* 

L.X 

h   ' 

12       3       4       5       6 
DAYS AFTB Off ADMWiSTSATlON 

® 

<§> 

1 

K 
v 

IV 

hyx 

lOr 

£ 

CMTMISI 

-«• - ta|/t||S| 

2       3       4       9       6 
DAYS AfTff Dff AOMÄISTWnOX 

6 



mm mmm 

poi 

i *1 

£ & 

L--. 

I 
1 
V- 

i 

^- 

h* 

20 r 

2 15 

£ 10 

3  s 

100 

75 

50 

25 

coma, it) 
O—O Bff |B|/I| |S) 

■—Hi « Z*/tt|3) 
*—4 - tacAilD 
a a ■ «"t/4l»l 

2        3       4       5        6       7 
DAYS AFT» DFP A0MIX1STUTI0N 

8 

•—•a If? 2at/tg |l) 
O—0   •   ta|/tf|l| 
o~-a . taiAilD 
*—* • *l/MPI 

1 
f 

1 
1 
-'. / ■ 

i 
i 
i 

1 2 3        4        5        6 
DAYS Of TKATMOfT 

7 8 

t 

® 

® 



mm—i m 

«I   ' 

H r 
OMTMMfl 
Off lifil ID 

o—a "  3a|/tl(t) 
•—■ ■  4a|/t||t| 

»  Sa(/kf |4| 
• 

4       6        6       10 
DAYS OF TREATMBH 

fy* 

lOr 

£ 

1 
M 

»•—-e » ta|A|(t| 
■ ■   •   4*t/ti||| 

*  • taiAiHI 

2       4       6        3       10      12 
DAYS Of TttATMEMT 

*        i 
14     16 

•        • 



q-7 

20 
F   i   T/ •  & J 

i^~^»        ;rS\r 
SI5 

1» 
eg A •—« tWIMi|l| 
o 0—-0 Bff l-t/kf (l| 

3  5 

•x \v 
O——Q   .   J«|A| |t| 
■ ■ . 4H/KH) 

A - fat/tiHI 

6       8       K) 
DAYS Of TKAIMEKT 

12      14 

J 



mmmt 

APPENDIX 1-C 

I • 4 

.     » 

_• ft 1 



Ör) 

« 
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Abstract: The effects of acute and chronic administration cf dilsopro- 

pylfluorophosphate (DFP) to rats on acetylchollnesterase (AChE) activity 

(1n strlatum, medulla, dlencephalon, cortex and medulla) and muscarinlc, 

dopamlne (DA) and GABA receptor characteristics (1n strlatum) were 

Investigated. After a single Injection of (acute exposure to) OFP, 

strlatal region was found to have the highest degree of AChE Inhibition. 

After dally DFP injections (chronic treatment), all brain regions had 

the same degree of AChE Inhibition, which remained in a steady level 

despite the regression of the DFP-lnduced cholinerglc overactivlty. 

Acute administration of DFP increased the number of DA and GABA recep- 

tors without affecting the muscarinlc receptor characteristics. 

Whereas chronic administration of DFP for either 4 or 14 days reduced 

the number of muscarinlc sites without affecting their affinity, the OFP 

treatment caused increase in the number of DA and GABA receptors only 

after 14 days of treatment; however, the increase was considerably lower 

than that observed after the acute treatment. The jn vitro addition of 

DFP to strlatal membranes did not affect DA, GABA or muscarinlc recep- 

tors. The results Indicate an involvement of GA8Aerg1c and dopaafnergic 

systems in the actions of DFP. It Is suggested that the GABAergic and 

dopamlnergic Involvement may be a part of a compensatory inhibitory pro- 

cess to counteract the excessive cholinerglc activity produced by DFP. 

Key words: Acetylchollnesterase - Oilsopropylfluorophosphate - Dopamlne 

receptors - GABA receptors - Tolerancs. Sivam, S. P. et ah The effect 

of acute and chronic chollnesterase inhibition with dilsopropylfluoro- 

phosphate on muscarinlc, dopamlne and GABA receptors of the rat strlatum. 
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Organophosphates constitute one of the few classes of drugs for 

which a mechanism of action has been defined 1n terms of inhibition of a 

specific enzyme namely acetylcholinesterase (AChE). Prior to World War 

II, this enzyme was of purely academic Interest, but the synthesis of 

the organophosphorus antlchollnesterase agents created new Interest 1n 

the enzyme, and AChE determinations have become of practical Importance 

to a number of people, such as those involved in the fields of Industri- 

al health, agriculture. Insecticides, and chemical warfare agents 

(Holmstedt, 1959). In addition, accidental, suicidal and homicidal 

poisonings with these agents have been reported (Davis and Richardson, 

1980). Organophosphates exhibit behavioral, neurological and biochemi- 

cal effects In both animals and humans (Holmstedt, 1959; Davis and 

Richardson, 1980). On long term exposure, these compounds are known to 

Induce neurotoxic effects (Aid ridge et al.., 1969; Johnson, 1975; 1977). 

Tolerance develops to the behavioral effects of these agents and evi- 

dence suggests that this may result from subsensitivity to acetylchollne 

(ACh) (Russell et ah, 1969; 1981). Recent studies have demonstrated 

that following chronic treatment with dllsopropylfluorophosphate (DFP), 

there 1s a significant decrease in the number of muscarlnic chollnerglc 

receptors labeled by Vqulnuclldlnyl benzllate (3H-0N8) (Schiller, 

1*79; Uchlda et ah. 1979; Ehlert et ah, 1980). Enhanced chollnerglc 

activity consequent to AChE Inhibition has traditionally been believed 

to be the cause of many effects of organophosphates. The discovery of a 

variety of neurotransmitters, especially, dopamlne (DA) and gamma-amlno- 

butyric add (6A8A) and their participation in a number of neurological 

and behavioral disorders (Homyklewlcz, 1975; Seeman, 1981; Enna, 1981) 

suggest that these systems also may be Influenced by organophosphates. 
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An Imbalance of dopamlnergic and chollnerglc systems In the basal 

ganglia 1s associated with motor dysfunction, particularly Parklnsonlsm 

(Hornyklewlcz, 1966; Hornyklewlcz, 1975). The basal ganglia are rich 1n 

AChE (Quastel, 1962; Dawson and Jarrott, 1981). It 1s well known that 

GABA Is an Important Inhibitory neurotransmltter In the mammalian CNS 

(Roberts et aJL, 1976; McBumey and Barker, 1978; Lai et at., 1980). 

There Is evidence which suggests that the drugs which Increase GABAerglc 

activity 1n the brain decrease strlatal DA turnover (Lahtl and Losey, 

1974). It has been further suggested that ACh may regulate GABA synthe- 

sis (Roberts and Hammerschlag, 1972). Finally an Involvement of the 

6ABA system In organophosphate-lnduced convulsions has been demonstrated 

(Kar and Martin, 1972; Green et ah. 1977; Lundy et i1_., 1978). The 

foregoing evidence Indicate that the effects produced by organophos- 

phates Incl ide a variety of behavioral and neurological manifestations 

all of which cannot be attributed entirely to cr.oilnerglc hyperactlvlty. 

Other systems may, 1n addition or Independently, be Involved. The 

present paper describes alterations of the postsynaptlc muscarlnlc, 0A 

and GABA receptors, consequent to acute and chronic exposure to OFP. 

MATERIALS AMD METHODS 

Animals 

Male albino Sprague-Oawley rats (Charles River Lab, Wilmington, MA) 

weighing 200-250 g were used throughout the study. The animals were 

housed four to a cage with free access to food and water. 

Administration of OFP 

Freshly prepared solutions of OFP In saline (0.9J, NaCI w/v) were 

administered subcutaneously In volumes of  0.1 ml/100 g body weight. 
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Both acute and chronic treatments with DFP were carried out. In the 

acute treatments, a single dose of DFP 1 mg/kg or 2 mg/kg was Injected 

and the animals were sacrificed by decapitation 6 hr, 24 hr, 7 days or 

14 days after the treatment. In chronic treatments, a dose of 1 mg/kg 

was administered dally for 4 days or for 14 days. The treatments were 

scheduled In such a way that both saline treated (0.1 ml/100 g body 

weight) control and OFP-treated animals were sacrificed on the same day. 

Determination of AChE activity 

Different brain areas were dissected out according to the procedure 

of Glowlnskl and Iverslon (1966). The AChE activity was determined 

according to the method of Ellman et a_L (1961). The tissues were homo- 

genized in Ice-cold sodium phosphate buffer (0.1 M, pH 8.0) at a concen- 

tration of approximately 20 mg we* weight per ml buffer. The activities 

were expressed as nmoles of acetylthiocholine hydrolyzed/min/mg protein. 

Membrane preparation for binding assays 

Membranes were prepared according to the method of Zukin et al_. 

(1975), with slight modification. The animals, after appropriate treat- 

ments, were decapitated, the brains were rapidly removed and the strlata 

were dissected out. The pooled samples were then homogenized 1n 15 

volumes of ice cold 0.32 M sucrose using a Brlntaan Polytron PT-10 at 

low speed (setting 3). The homogenate was centrlfuged at 1,000 x g for 

10 m1n; the pellet was discarded and the supernatant fluid was centrl- 

fuged at 20,000 x g for 20 min to obtain a crude mitochondria! pellet. 

The crude mitochondrlal pellet was resuspended 1n double distilled 

delonlzed water and dispersed with a Brlnkman Polytron PT-10 (setting 6) 

for 30 sec. The suspension was centrlfuged at 8,000 x g for 20 min. The 

supernatant including the buffy layer was collected and centrlfuged at 

48,000 x g for 20 nln to obtain a pellet. The pellet was resuspended in 
U 
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water   and   centrifuged   at   48,000 x g   for   20   min.     The   final   pellet 

(membrane preparation)  was  suspended  1n Tr1s-HCl  buffer (pH 7.<)  and 

stored at -C0°C for one to four days. 

3H-QNB binding 

The frozen membranes were thawed and centrifuged at 25,000 x g for 

15 min and the pellet was suspended in 50 mM sodium phosphate buffer (pH 

7.4). The binding of H-QNB, was carried out according to the method of 

Yamamura and Synder (1974), with minor modifications. In brief, the 

binding assay was performed In 50 mM sodium phosphate buffer (pH 7.4), 

with different concentrations (0.01 to 2 nM) of TI-GNB to generate 

saturation curves In a final volume of 1 ml. Specific binding was 

calculated as the total binding minus that occurring In the pressure of 

1 uM atroplne. The binding was Initiated upon addition of 0.2 ml of 

membrane preparation (0.2 to 0.4 mg/ml) and Incubations were allowed to 

proceed for 1 hr at 25°C In a shaking water bath. The reaction was 

terminated by rapidly filtering through Whatman GF/B glass fiber 

filters. Each filter was washed twice with 5 ml buffer and the dried 

filter was transferred to scintillation vials containing 10 ml of 

Aquasol (New England Nuclear, Boston, HA). The radioactivity retained 

In the filters was determined by liquid scintillation spectrophotometry. 

3H-Musc1mol blnJInq 

The specific binding of the GASA receptor llgand, n*-*usc1mol, was 

carried out as previously described (Sivam et *1_., 1981). The frozen 

membrane preparation was thawed and diluted with 10 volu^s of 50 nM 

Tris-citräte buffer (pH 7.1) and centrifuged at 25,000 x g for 20 «in, 

to obtain a pellet; the "eilet was rehomogenlzed with a suitable volume 

of the Trls-dtrate buffer and Incubated at 37'C for 30 min to dissoci- 

ate endogenous Inhibitors (Klngsbury et aK, 1S80).   After Incubation, 
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the suspension was recentrlfuged at 25,000 x g for 20 min to obtain a 

pellet which was resuspended in fresh buffer for assay. Binding of 

H-musclmol was initiated by the addition of 0.2 ml of the membrane 

preparation (1-1.5 mg/ml) to a mixture containing the required final 

concentration of H-musc1mol (2-100 nh) in a total volume of 1.0 ml. 

Incubations were carried out at 4°C for 10 min. The reaction was 

stopped by rapidly filtering throuyh Whatman GF/B filters; the filters 

were washed twice with 5 ml of 1ce cold 50 mM T1rs-dtrate buffer (pH 

7.1) and transferred to scintillation counting vials containing 10 ml of 

PCS (Phase Combining System, Amersham, Co., Arlington Heights, IL). The 

vials were shaken for 60 min, then the radioactivity was measured by 

liquid scintillation snectrophotometry. Hon-spedfk binding was 

determined by Incubation In the presence of 1 mM unlabeled GAB*. 

H-Sp1roper1dol binding 
3 

Specific binding of the DA receptor Ugang, H-sp1roper1dol, was 

determined following the method of Tabakoff and Hoffman (1979) with 

minor modifications. The frozen membrane preparation was thawed and 

centrifuged at 25,000 x g for 15 min to obtain a pellet. The pellet was 

suspended In 50 mM Trls HC1 (pH 7.4) containing 5 mM ethylenedlaminete- 

tracetic add (THs-EDTA buffer). The suspension was incubated for 20 

■in at 37°C and centrifuged 25,000 x g for 15 mln. The supernatant was 

discarded and the pellet was resuspended for final assay in a suitable 

volume of Trls-EDTA buffer. 

AHquots of (0.2 ml) of the membrane preparation (2-2.5 ng/ml) were 

Incubated with various concentrations (0.05 to 2 nM) of H-splroperidol 

1n the presence of 10  M (♦)- or (-)-butaclamol (Seeman et al., 1976), 
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in a final volume of 1 ml. Incubations were carried out for 20 min at 

25°C. At the end of the incubation, the sample were filtered under 

reduced pressure through glass fiber filters (6F/B, Whatman). The 

filters were then washed with 5 ml of THs-EDTA buffer and after drying, 

were placed into scintillation vials with 10 ml of Aquasol. After at 

least 45 min of shaking to equilibrate, the radioactivity was quantified 

by liquid scintillation spectrophotometry. Specific binding of splro- 

perldol was defined as the amount bound In the presence of 10" M 

(-)-butaclamol minus that bound 1n the presence of 13" M (+)-butacla- 

mol. 

In vitro effect of DFP on receptor binding 

The effect of .In vitro additions of DFP, (10-9 to 10"4 M) upon 

binding of 3H-QNB (0.2 nM), 3H-musc1mol (5 nM) or 3H-sp1roper1dol (0.2 

nM) was Investigated using the methods described above. 

Determination of protein concentration 

The protein content of the membrane preparations was determined by 

the method of Lowry et a1_. (1951) using bovine serum albumin as a 

standard. 

Drugs and chemicals 

3H-QNB (specific activity, 40.2 Cl/nmol), 3H-musc1mol (specific 

activity, 10.1 Cl/nmol) and 3H-sp1roper1dol (specific activity, 31.3 

Cl/mmol) were obtained from New England Nuclear Corporation, Boston, HA. 

The radlochemlcal purity was verified by thin layer chromatography using 

appropriate solvent systems. DFP (Lot #103288) was obtained from Cal- 

biochin, LaJolla, CA; this preparation of DFP was found to have an IC5Q 

(concentration required for 50X inhibition of control AChE activity (In 

the whole brain homogenate of rat) value jn vitro of 12 ug/ml. Atroplne 
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Statistics 
w 
^ Linear regression analyses were used to obtain all values of disso- 

ciation constant (\L) and maximum number of binding sites (B ), When 

applicable, data were analyzed for significance by Student's t-test: a 

'\} P value of < 0.05 between two means was considered significant. 

RESULTS 

Effect of DFP on the gross behavioral activity, and on ACh£ activity in 

$ different regions of the rat brain 

y! Acute administration of OFP In 1 or 2 mg/kg doses. Induced para- 

sympathetic overact1v1ty consisting of salivation, lacrimation, urina- 

tion, excessive bronchial secretion, sweating, diarrhea, muscular 

v;- twitching, fasclculatlons and tremor. On chronic administration of OFP 

|;j (1 mg/kg, daily) the animals continued to exhibit these symptoms for 4 

to 5 days; thereafter, the symptoms regressed *nd by the 14th iay, the 

animals no longer showed any of the symptoms Including the characteris- 

tic 1nterm1ttant tremor observed on the 4th and 5th day. The relative 

activity of AChE In different regions of brains from control rats was as 

follows: stHatum >  medulla ^ dlencephalon » cortex y.    cerebellum 

flft (Table 1). Six hr after an acute administration of OFP (1 mg/kg), AChE 

K activity was significantly reduced In all brain regions except the 

cerebellum. Strlatum and medulla were affected more than the other 

regions. When the dose of OFP was Increased to 2 mg/kg, the enzyme ac- 

jj tivlty was about 201 of control in strlatum, dlencephalon and medulla, 

ar^fffflfl*^ 
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sulphate and GABA were obtained from Sigma Chemical Company, St. Louis, 

MO. Oextro (+) and levo (-)-butaclamol were generously supplied by (§) 
ft \ft Ayerst Laboratories, New York, NY. Other chemicals and reagents of 

J.J analytical grade were obtained from commercial suppliers. 'S» 
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>' whereas, in the cortex and cerebellum, the activity w*s 38 and 75X, 

™ respectively. 

Twenty-four hr after administration of 1 mg/kg OFP, the Inhibition 

of AChE activity remained almost the same as that observed 6 hr after 

DFP administration. The relative activities among different regions 

were similar to those In control brains, despite inhibition. Twenty- 

four hr after administration of 2 mg/kg DFP, the enzyme activity had 

<■* recovered significantly (P < 0.05) In straitum, medulla and dlencephalon 

^ compared to the activities 1n these areas, 6 hr after administration of 

the same dose. In cortex and cerebellum, the Inhibition 24 hr after DFP 

I *! administration was not different from that observed 5 hr after adminis- 

tration. The Inhibition 24 hr after a single Injection of 2 mg/kg was 

-■' 1n general, the same as that observed 6 hr after a single Injection of 1 

I mg/kg OFP. 
a , 
-? After chronic administration of DFP for 4 and 14 days, there was a 
hi 

;■>; substantial Inhibition of AChE In all regions (Table 2). The degree of 

■: Inhibition after 4 days of dally treatment with 1 mg/kg DFP was slgnlfl- 

!/] cantly higher than that observed after a single OFP injection. The        * 
Hi 

'■] levels of AChE activity after 4 and 14 days of dally OFP treatment were 

essentially the same 

Effect of OFP on muscarlnlc receptor binding 

j£{ Scatchard analysis of   H-QNB binding data revealed a single popu- 

lation of nuscaMiilc receptors. A single Injection of DFP (1 or 2 mg/ 

kg) failed to alter either the Kg or the B except for a 20S decrease 

1n  the  latter  24  hr after  DFP  treatment   (Table  3).    After chronic 

treatment  with   DFP   for  4   and   14  days,   the  B       was   significantly max 

S decreased   (Table   4;   Fig.   1). 
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OFP (1 mg/kg), there was a significant decrease in GABA receptor popula- 

tion. Daily administration of OFP (1 mg/kg) for 4 and 14 days showed a 

'A significant Increase only In the latter group (Table 4). Neither acute 

3 nor chronic administration of DFP altered the affinity of GABA recep- 

1 tors. 

J|jJ Effect of DFP on DA receptor binding 
•ft 3 ;•.•• Saturation studies with H-sp1roper1dol as a llgand and Scatchard 

\ analysis of the data revealed a single population of DA receptors. Six 

/, and 24 hr after a single Injection of DFP (1 or 2 mg/kg), an Increase 1n 

the B_.w of TMplropeMdol binding (Table 3; Fig. 3) was observed, max 
There was a significant (P < 0.0S) difference between the Increase pro- 

duced by 1 and 2 mg/kg DFP after 6 hr; however 24 hr after these doses, 

the Increases In the DA populations Induced by the two doses did not 

differ significantly. Dally treatment with 1 mg/kg DFP for 4 days had 

no effect on the number of DA receptors, whereas DFP treatment for 14 

days produced a significant Increase In the DA receptor population. 

This Increase was stgnlflcantly (P < 0.05) lower than that observed 24 

hr after a single Injection of DFP at a dose of 1 or 2 mg/kg (Table 4). 

& 

v* None of the treatments affected the affinity of muscarinlc receptors. 

rl Effect of DFP on GABA receptor binding ® 

':'i Six hr after an acute treatment with DFP (1 mg/kg), the number of 
>: 
.-."> striatal GABA receptors, as determined by Scatchard analysis, were 1n- 

••41 creased by 37X; 24 hr after the treatment, the receptor population had 

returned to control levels (Table 3; Fig. 2). On the other hand, DFP at 

a dose of 2 mg/kg Increased the number of GABA receptors both 6 and 24 

hr following treatment, though there was a significant (P < 0.0S) 

c.-.j difference between these groups. Seven days after a single Injection of • 

.,,..,/;,V:-:>:'-:AV:/.;;:V/^ 
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None of the acute or chronic DFP treatments affected the K« of H-spiro- 

perldol. 

Effect of In vitro addition of DFP on receptor binding 
.9 

The In vitro presence of DFP at concentrations ranging from 10  to 
i _____ 

-4 
10 H, failed to affect muscarlnlc, GABA or DA receptor binding. 

1 DISCUSSION 

Although there have been many studies on brain AChE Inhibition by 

DFP and related agents, relatively few have reported studies of discrete 

I brain areas. In brains from control animals, the relative activity of 

AChE In different regions Indicated that straltura had the highest 

activity followed by medulla, dlencephalon, cortex and cerebellum. This 

I 1s consistent with the reports of other workers (Silver, 1974; Oawson 

and Jarrott, 1980). All regions were not, In general, uniformly af- 

fected by a single injection of the low dose (1 mg/kg) of DFP, In 

contrast to the effects of single high dose (2 mg/kg) treatment which 

affected all regions equally. For example, strlatuM, medulla and 

dlencephalon were affected to a larger extent and the degree of Inhibi- 

tion was similar among these regions. The cortex was affected to a 

lesser extent and the cerebellum was not affected by low dose acute 

treatments. It Is possible that the low levels of basal AChE activities 

of the cortex and cerebellum may be related to this observation. It 

should be pointed out that the Inhibition of AChE after a single low 

dose was about 501 at both 6 and 24 hr treatment. After continuous ad- 

ministration of DFP, a steady level of inhibition (65X) was maintained 

during the treatment period. Further, during chronic exposure, all 

regions of the brain were equally susceptible to AChE inhibition, unlike 

• 

® 
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acute exposure. Moreover, continuous administration did not lead to a 

recovery of enzyme activity. This confirms earlier reports that AChE 

remained chronically depressed despite the fact that behavioral toler- 

ance readily occurs during chronic treatment (Russell et ah, 1969; 

Chippendale et ah, 1972; Kozar et ah, 1976; Russell et ah, 1981). 

Since behavioral tolerance developed during this period of enzyme Inhi- 

bition, the behavioral effects cannot be attributed entirely to AChE 

Inhibition. 

It has been suggested that the behavioral tolerance which occurs 

during chronic administration of DFP, may result from a decreased number 

of muscarlnlc receptors (Blgnami et ah, 1975; Russell et ah, 1975). 

In the present study, a reduction of muscarlnlc receptor density was 

observed during chronic treatment with DFP. Thus our data confirm other 

reports (Bull, 1965; Costa et a!., 1981; Ehlert et ah, 1980; Gazlt et 

al.., 1979; Gokhale et ah, 1977; Levy, 1981; Schiller, 1979; Uchlda et 

ah, 1979) and provide direct confirmation of the viewpoint that a 

reduction In the number of muscarlnlc receptors may be responsible, at 

least In part, for the development of tolerance to DFP. It 1s of Inter- 

est that Dawson and Jarrott (1981), while reporting little change In 

muscarlnlc receptors In guinea pigs« during acute or chronic administra- 

tion of DFP did observe behavioral tolerance to chronic DFP treatment. 

It remains to be confirmed whether this Is due to species difference. 

The present study indicates that the reduction In muscarlnlc recep- 

tor density 1s time-dependent; 4 days of treatment caused a 43X reduc- 

tion, whereas 14 days of treatment resulted 1n a 61S reduction from 

control values. 
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This was despite the fact that AChE activity remained inhibited to the 

same extent after 4 or 14 days of OFP treatment. Therefore, the reduc- 

tion in the number of muscarinic receptors appears to be a gradual 

process not directly related to the degree of AChE inhibition. This Is 

consistent with our observation and that of Russell et £h (1975) that 

the OFP-induced cholinerglc effects such as diarrhea, tremor, saliva- 

tion, and lacrimatlon disappear gradually. 

It 1s not clear whether all of the toxic effects of OFP are due to 

alterations in cholinerglc function or If other neurochemical changes 

might be Involved. In the present study, the numbers of both GABA and 

DA receptors were significantly Increased after acute treatment, but the 

increases were less prominent after chronic treatment. It has been 

reported that antlconvulsants, which are believed to act primarily via 

GABAergic mechanisms, block organophosphate Induced convulsions (L1pp, 

1973; Rump et ah, 1973; Lundy and Hagor, 1977). Lundy and Mayor (1977) 

and Lundy et ajl_. (1978) showed that small amounts of benzodlazeplnes, 

which are believed to act through enhancing GABAergic transmission 

(Olsen, 1981)] totally abolished organophosphate-lnduced convulsions, 

whereas, the antlmuscarlnlc agent, atroplne, had no effect, even In high 

doses. These authors further showed that amlnc-oxyacetlc add (AOAA), 

which elevates GABA levels by Inhibiting GABA-transamlnase, also Inhi- 

bited organophosphate-lnduced convulsions. Kar and Martin (1972) 

suggested that paracxon convulsions trt related to GABA levels In the 

central nervous system. Certain organophosphates cause convulsions and 

death but do not Inhibit AChE (Bellet and Caslda, 1976) and are believed 

to produce their effects by altering central GABA function (Bowery et 

«1., 1976). Involvement of GABA in a variety of neuropsychiatrlc 
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disorders Including epilepsy and schizophrenia has been documented 

(Enna, 1981). The evidence, therefore, seems to Indicate that 6ABA 

receptor activation may play a part 1n the acute effects of organo- 

phosphates. 

In our study, we observed that, not only GABA receptor density, but 

also DA receptors density was Increased after a single Injection of DFP. 

Others have observed that DA levels are Increased after acute DFP 

treatment (Gillsson et al_., 1974). On the other hand, mlpafox was found 

to decrease DA levels after chronic administration (Freed et aK, 1976). 

The increased motor activity of Parklnsonlsm 1s known to be due to an 

Imbalance of chollnerglc and dopamlnerglc activity In the basal ganglia. 

I.e., Increased chollnerglc activity due to DA deficiency (Weiss et a1_., 

1976; Helbronn and Bartfai, 1978). It has been reported that strlatal DA 

has an Inhibitory effect on strlatal nejrons (Krnjevlc and PhllHs, 

1963) and also reduces the spontaneous and chollnerglc neuronal firing 

In the strlatum (HcGreer et aK, 1975). It has been suggested that 

dopamlnerglc (Inhibitory) and chollnerglc (excitatory) mechanisms 

Interact In a delicate way to maintain the normal function of strlatum 

(Anden et a1_., 1966). The strlatal Increases In 6A8A and DA receptor 

densities observed after acute treatments with DFP, returned gradually 

to control levels after cessation of treatment. Thus the neurochemlcal 

Imbalance produced as a result of acute Inhibition of AChE may be 

partially counteracted by an acute Increase 1n dopamlnerglc activity 

supported by an Increase 1n GABAerglc activity. 

The changes observed In the receptor bindings were not due to a 

direct effect of DFP on muscarinlc, DA or GABA receptors, since no 

Inhibition of binding was observed by high concentration (10 M) of DFP 

when added In vitro. 
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This confirms the earlier report of Ehlert et aJL (19S0) who showed that 

the muscarlnlc receptors were not affected by high concentrations (10 

M) DFP added jn vitro. 

The results of our study Indicate an Involvement of ACh, DA and 

6ABA receptors In the effects of organophosphates. It Is suggested that 

the 6ABA and OA systems, singularly or In combination, counteract the 

enhanced cho11nerg1c activity Induced by organophosphates. 
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LEGENDS FOR FIGURES 

Fig. 1.   Effect of chronic administration of OFP on   H-QNB binding 1n the stHatal 

homogenates of rat.    Incubations were carried out for 60 m1n at 24*C, 

followed by filtration.   Non-specific binding was performed In the 

presence of i yM atroplne. 

3 Fig. 2.   Effect of acute administration of OFP on   H-musclmol binding in the 

strlatal homogenates of rat.    Incubations were carried out for 10 

m1n at 4dC, followed by filtration.   Non-specific binding was per- 

formed 1n the presence of 1 mM GABA. 

3 
Fig. 3.   Effect of acute administration of OFP on   H-splroperldol binding 1n 

the stHatal homogenates of rat.   Incubations were carried out for 

20 mln at 2S"C, followed by filtration.   The specific binding denotes 

the difference between the binding In the presence of lü"   M (+)- and 

(*0-butacls.T»l. 
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Sunmary: 

The effects of acute (single dose, 1 or 2 mg/kg, s.c.) and 

sub-acute (I mg/kg, s.c, dally for 4 or 14 days) administration 

of diisopropylfluorophosphate (OFP) to rats on chollnerglc 

enzymes, acetylchollnesterase (AChE), choline acetyltransferase 

(CAT) and on GA3A synaptic function were investigated In the 

strlatal region of brain. Acute and sut-acute administration 

of OFP inhibited AChE activity but did not affect CAT activity. 

The chollnerglc hyperactivlty seen on acute administration 

receded gradually during continuous treatment, despite a steady 

inhibition of AChE activity during this period. In general, 

acut2 as well as sub-acute treatments increased levels of GABA 

and Its precursor (glutamate) and decreased GABA uptake and 

release. However, none of the treatments affected activities of 

the GABA related enzymes: glutamlc Kid decarboxylase and 

GABA-transaminase. These results, together with our previous 

finding that the postsynaptlc GABA receptor population Is In- 

creased by OFP treatment, Indicate that GABA transmission 1s 

affected by OFP. An overall enhancement of GARA function appears 

to be Involved 1n OFP poisoning; it 1s suggested that this may be 

a compensatory mechanism to counteract the chollnerglc 

"hyperactivlty. 

Key words:   QHsopropylfl-orophosphate, tolerance, acetylcho- 

llnesteras:, GABA system 
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Introduction: 

Organophosphates are known to exhibit a broad spectrum of 

behavioral, neurological and biochemical effects in both animals 
I 4 to n 

and humans • ' ' . An enhanced cholinerglc overactlvity 

consequent to the Inhibition of the enzyme acetylcholinesterase 

(AChE) which terminates the activity of the cholinerglc transmit- 

ter acetylcholine (ACh), has been traditionally and generally be- 

lleved to be the cause of the many effects of organophosphates. 

The relatively, recent awareness of the function of a variety of 

central nervous system (CNS) neurotransmltters, especially, 

Y-am1nobutyric acid (GA8A) and Its alleged participation In a 

variety of neurological and behavioral disorders, raises the 

possibility of an Involvement of 6ABA in organophosphate 

toxlclty. It Is well recognized that GABA Is an Important 

Inhibitory neurotransaltter 1n the mammalian CNS l5»22»27. 

There Is evidence which suggests that acetylcholine may regulate 

6A6A synthesis . An Involvement of GABA has been suggested 1n 

Paraoxnn - and soman * -Induced convulsions. The foregoing 

evidence Indicate a possible Interaction between the cholinerglc 

and GABA system. The present study deals with the acute and 

sub-acute effect of dlisopropylfluorphosphate (DTP) on various 

steps of GABA synaptlc function. 

Methods: 

Animals and Chemicals: 

Hale Sprague-Oawley rats (Charles River Lab, Wilmington, HA) 

weighing 175-250 g wers used in the present study.   Animals were 

JK 

c 

i 

® 



".V 

1 

..V. 

W 

■*. 

.-■. 

.V 

v. 
A 

i 
* 

■ \ 

i 
■-', 

maintained ad libitum on standard laboratory chow and tap water 

and wer- housed in a room with automatic 12 hour light and dark 

cycles and temperature set at 25.5 ± 1.8°C. DUsopropylfli'oro- 

phosphate (DFP, Lot #103288; Calblochem, La Jolla, CA) was used 

throughout all studies. This preparation of DFP was found to 

have an ICgg value jln, vitro of 12 ug DFP/ml (concentration 

required to inhibit 502 of the chollnesterase activity In homo- 

genates of whole brains from rats). L-[ C(U)]-glutam1c acid 

(271 mCl/mmol). 3H-GAB* (33*3 Cl/mmol) and [14C]-acetyl CoA (S3 

mC1/mmol) were obtained from New England Nuclear, Boston, MA. 

The radlochemical purity was verified by thin layer chroma to- 

graphy using appropriate solvent systems. AcetyltMochoHne 

Iodine end 5,5'-d1th1o-b1s-(2-n1trobenzo1c add) (0TN8) wore 

purchased from Calblochem-Behrlng, La Jolla, CA. Acetyl-CoA, 

GArA, tetraphenylboron, glutamlc tcld, 3,5-dfamlnobenzolc acid, 

sucdnic semialdehyde, pyrldoxol phosphate, glutathlone, 

o-ketoglutaric acid, NAOH, NAOP, NAOPH, GABAase, 2-mercepto- 

tthanol, glyclne and hydrazlne hydrate were obtained from Sigma 

Chemical Co., St. Louis, NO. Slutamate denydregenase was 

purchased from Bcehringer Mannheim Biochemical*, Indianapolis, 

IN. Other chemicals and reagents were obtained from commercial 

suppliers. 

Administration of DFP: 

® 

Stock solutions (10 mg/ml) of DFP were prepared In normal 

saline (0.91, NaCl) and kept frozen at -30*C. Just before 

Ejection, the stock solution was diluted In saline to give the 

desired concentrations.    DFP was administered subcutaneously In a 

-■ ■ .>..--•,'-'-      ^L^^J^äi^ ... ^.^..i :.^.■ |--ii-|-~    -.^-*-,^tiiiajAmimmMmimmmfrill 
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:■;■!} glutamate levels . 

Determination of AChE activity; 

$ The determination of AChE activity was carried out according 

j-j to Ell nan et *r.    In brief, the homogenetes were prepared In 
.«•• 
{■'), ice-cold 0.1 M sodium phosphate buffer, pH 8.0. The enzyme 
L*. 

* 

;>J volume of 0.1 ml/100 g body weight. Both acute and sub-acute * 

^ treatment with OFP were carried out between 9-11 a.m. everyday. '\£j 

In the acute treatments, a single dose of DFP, 1 or 2 mg/kg was 
"•V •.-r« injected and the animals were sacrificed by decapitation 6 hr, 24 > 
Sv 
>£ hr, 7 days or 14 days after the treatment.    The entire treatment 

was scheduled In such a way that both control and treated animals 

v-£ were sacrificed on the same day.    In the sub-acute treatments, a 

■9* single dose of OFP, 1 mg/kg, was administered dally for 4 or 14 

days.    Appropriate controls received saline (0.1 «1/100 g body 

weight). 

Dissection of striaturn: 

The strlata of the brain were dissected out following the 

•\    - method of Glowlnski  and  Werfen   .    A microwave oven  (Therotex 
N« * 
^ #44104 Metabostat System, Santa Clara, CA) was used to Irradiate '       • 

the head for 2 sec at 2.5 kw, for the determination of GABA and 

activity was measured photometrically by measuring the intensity 

w» of  the  yellow color  produced  from  acetylthiochoHre  when   it 

r/i reacts with dithloblsnitrobenzoate  Ion.    The AChE activity was 
r't - 

expressed as nmoles acetylthlocholine hydrolyzed/min/mg protein. 
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Determination of choline acetyltransferase (CAT) activity: 
8 The radlochemical assay developed by Fonnura was used to 

assay CAT activity.  In brief, homoqenates of striatum were 

prepared in 10 mM EDTA buffer, pH 7.4. The incubation mixture 

contained (final concentration): 0.2 mH acetyl-CoA containing O.S 

pH [l-l4C]acetyl-CoA, 300 mM NaCl, SO mH sodium phosphate 

buffer (pH 7.4), 8 mM choline chloride, 20 mM EDTA buffer (pH 

S 7.4) and 0.1 mM physostigmine. The horaogenate (0.2 ml) was 

Incubated with 0.8 ml of the Incubation mixture for IS m1n «t 

$ 37*C. Av vhe end of the Incubation the contents of the reaction 

.> vessels were transferred to scintilation vials. The tubes were 

washed once with S ml of sodium phosphate buffer (10 mM, pH 7.4) 

and the wash was added to the scintillation vials. To each vial, 

ml of acetonltrlle containing 10 mg of tetraphenylboron and 10 ml 

of toluene scintillation mixture [O.OSt dlphenyloxazole and 0.02% 

l,4-b1s-(4-«ethyl-5-pnenyloxazole-2-yl) benzene] were added. The 

i vials were shaken gently for 1 mln and then the organic and 

aqueous layers were allowed to separate for 10 Bin. radioactiv- 

ity present In the organic layer was counted by liquid scintil- 

lation spectrometry. Enzyme activity was expressed as nmolt ACh 

formed/hr/mg protein. 

Determination of GABA-transamlnase (6A8A-T) activity: 

GASA-T activity was measured following the procedure of 
18 34 Löscher   ,  based on the method of Salvador and Al bars   .      In 

brief, the assay consisted of fluorometlc measurement of sucdnlc 
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4£>3 semialdehyde produced from GA8A during Incubation with GABA-T. •        t 

* 
The incubation medium contained in a final volume of 1.0 ml: SO 

mH 3-ketoglutaric acid, 125 mH GA6A and 0.2 ml of homogenate. 

(fijjj The samples were incubated at 37°C for 60 rain, and then cooled in & 

'la 
t-\S an Ice bath and centrlfuged at 3500 x g for 10 rain at 4aC.    An 

aliquot (0.3 ml) of the supernatant was added to 0.3 ml of 200 R* 

3,5-d1am1nobenzo1c add and the samples were heated at 60*C for 1 

hr.   After dilution 1: 100 or 200, the samples were activated at 

405 not In a spectrophotofluorometer and the fluorescence was read 

y} at 505 na.   The enzyme activity was expressed as nmoles sucdnlc 

seal aldehyde formed/hr/mg protein. 

Determination of glutamlc acid decarboxylase (GAD) activity: 

28 
6A0 activity was assayed as previously described   .   Hemoge- 

nates were prepared In 0.1 M potassium phosphate buffer (pH 6.S). •        • 

The Incubation mixture (final volume 1 ml) contained 10 yK gluta- 

mitc which Include 100 nM of (U-l4C)-l-glutamate, 0.2 a* pyrl- 

doxol   phosphate and  1 mN glutathlone.    Two tenths ml  of the f 

homogenate and 0.8 ml of the Incubation mixture were placed In a 

test tube and closed with a rubber stopper, from which hung a 

plastic vial containing 1 N hyamlne hydroxide In methanol. The 

reaction was carried out at 37"C for 30 mln in a water bath. At 

the end of the Incubation 0.2 ml of 4N HS04 was Injected through 

the rubber stopper along the Inner side of the test tube in order 

to stop the reaction and release CO. After equilibrating at 37*C 

for 90 mln, the plastic vials were removed and placed In a scin- 

tillation   counting   vial   with   10  ml   of   Aquasol   (New   England 



Nuclear).    The radioactivity was measured by a liquid scintilla- 

tion spectrometry.    The enzyme activity was expressed  in nmoles 

14 C-CO released/hr/mg protein. 

Oetermination of GAflA and glutamate levels: 

The GABA and glutamate levels were measured by the fiuoro- 

metric method described by Graham and ApHson    .    Briefly,  the 

brain tissue was homogenized in 75X ethanol.    After centrlfuga- 

tlon, the supernatant was air-dried, the residue was suspended in 

water; the clear supernatant obtained after u1tracentr1fugat1on 

of the suspension was used for GABA and glutamate determination. 

For GABA determination,  the reaction mixture {final  volume 0.4 

ml) contained 3 mN a-ketoglutarate, 1.5 mH 2-mercautoethanol, 0.4 

nM NADP, and 1 unlt/nl of GABAase.    Incubations were carried out 

at 37*C for 50 min and the reaction was stopped by heating the 

samples   at  60"C  icr  30  »1n.    The   NADPH   formed  was  measured 

fluorometrically (excitation 350 no and emission 460 no).    The 

glutamate  concentration was  measured  as  follows:   the  reaction 

mixture contained In glydne-hydrazine buffer (5 mH, pH 8.6), 0.2 

nM NAD and 100 ug of glutamate dehydrogenase from beef liver. 

The fluorescence was measured In a spectrophotofluorometer at 350 

na excitation and 460 nm emission. 
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3 H-GABA uptake in crude synaptosomal preparations of striatum: 

Animals were sacrificed by decapitation and the brains were 

removed  and  the strlata were dissected  out.    Striata from rat 

brains   were   pooled   and   homogenized   in   20   volumes   of  0.32   H 

sucrose,    using    a    Poller-€lvejem    glass    homogenizer.      The 

homogenate was centrlfuged at 1,000 g for 10 min at   4°C.    The 

supernatant thus obtained, was centrlfuged at 20,000 g for 20 min 

at  4°C  to  obtain  a   pel'et  (P  friction).    The  pellet,  after 

resuspension in 0.32 H sucrose, WM used in the uptake studies. 

H-GABA uptake was Measured using the method of Olsen et 

aV,   The pellet suspension (0.2 ml) was incubated for 30 nin at 

0*C \n a medium containing 0.1 H NaCl, 0.1 mM am1nooxyacet1c acid 

(AOAA), and 0.05 M Tr1s HC1 buffer, pH 7.4.   The 3H-6ABA concen- 

tration varied from 12.5 to ISO nM.    Non-specific uptake was 

determined In the presence of 1 mM unlabelled GA8A.   Triplicate 

samples (final volume of 1 ml) were used.   The protein concentra- 

tion  was   0.5-1.0  mg/al.    After  the   Incubation,  the  reaction 

mixture was filtered under vacuum with GF/B glass filters, washed 

twice with 5 ml of the buffer, and the radioactivity was deter- 

mined   by   liquid   scintillation   spectrometry,   using   10  ml   of 

Aquasol as the scintillation cocktail. 

The effects of In vitro addition of OFP (10"9 to 10*4 M) on 

H-GABA (15 nM) uptake was also Investigated using the procedures 

just described. 

fr^"J 
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H-GAOA release from striatal slices: 

The   'H-GABA   release   studies   were   conducted   as   described 

23 
earlier    .    Slices having dimensions of approximately 0.5 X 1 X 1 

mm were preincubated at 37°C for 10 min in ml of Ca -free 

Krebs bicarbonate-EGTA (referred hereafter as Krebs medium) 

medium emitting of: 124 mM NaCl, 5 mH KC1, 1.3 mM HgCl, 1.2 mM 

KHPo4, 26 mH NaHCOp 1 mM EGTA, 10 mH glucose, 20 uM A0AA, 

adjusted to pH 7.4 by bubbling with 95X 0-5X CO (carbogen). 

slices were transferred to the Krebs medium containing 0.1 uM 

3H-GABA (specific activity 33.3 Cl/mmol) and Incubated at 37°C 

for 20 min. The slices were washed twice with ml of the Krebs 

medium every S min for 20 «in to observe spontaneous release. To 

observe the Ca 'dependent K -stimulated GABA release, the slices 

were transferred to Ca -K Krebs medium every 5 min for 25 min. 

The Ca"-K* Krebs medium contained: 4 mM CaCl, 60 mM KC1, 64 mH 

NaCl, 1.3 mM KgCI, 1.2 mM KHP04, 26 mM NaHCOj, 10 *H glucose and 

10 uM A0AA. All Incubations were carried out at 37*C under 

carbogen atmosphere In a Oubnoff metabolic shaker. After appro- 

priate Incubation, an aliquot of the medium from each time point 

was transferred to scintillation vials and counted for radioac- 

tivity. The I of release of 3H-GABA was calculated as 100 x (dpa 

of released GABA)/(dpm of accumulated GABA In the slices). 

Determination of protein concentration 

The protein content of the homogenates used In the present 

19 study was determined by the method of Lowry et *]_   . 
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Statistics: 

Data from the H-GABA uptake studies were evaluated 

according to lineweaver and Burk . Linear regression analyses 

were used to calculate the affinity constant (K ) and uptake 

velocity (¥„„)• When applicable data were analyzed for 

significance by Student's t test: P value < 0.05 between two 

means was considered significant. 

Results: 

Effect of DFP on general behavior of animals: 

Acute administration of DFP, 1 or mg/kg, s.c, resulted In 

prominent parasympathetic overactlvlty which consisted of 

salivation, lacrlmatlon, urination, excessive bronchial se- 

cretions, sweating, defecation and diarrhea. Skeletal muscle 

twitching, fasdculatlons and tremors were also observed. 

Animals In the sub-acute treatment group continued to exhibit the 

symptoms for 4 to 7 days; thereafter, the symptoms regressed 

slowly, and by the 14th day the animals no longer showed any 

symptoms. 

Effect of DFP on AChE and CAT activities: 

As previously reported the control AChE activity was 186 * 

9 naoles/uln/mg protein. DFP Inhibited AChE activity In a dose- 

related fashion. Six hr after 1 and mg/kg DFP, the Inhibition 

of AChE activities was S3 and 84X of the control, respectively. 

Even at 24 hr after the administration of a single dose of DFP, 

the Inhibition remained around SOX of the control activity. A 

301 Inhibition could be observed 14 days after a single dose of 

^s^^m^mmm^s^ssmmmsasmsmsssm 
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OFP.  After sub-acute administration, the inhibition of AChE 

activity was maintained at about 70* of the control. The con.'dl 

CAT activity was 113 * 8.6 nmoles/hr/mg protein. The C * activ- 

ity remained unaltered by all the treatments. 

Effect of OFP on 6ABA and glutamate levels: 

Twenty-four hr after acute treatment Hith 2 mg/kg of OFP, 

levels of both GABA and Its precursor, glutamate, were signifi- 

cantly elevated. None of the other acute treatments caused 

any significant changes (Table I). In animals continuously 

treated with DTP for 4 days GABA ;nd glutamate levels were also 

Increased; continuous treatment for 14 days failed to change the 

levels significantly. 

Effect of DFP on 3H-GABA uptake: 

Twenty-four hr after a single Injection of OFP 2 mg/kg, 

there was a significant decrease In the uptake velocity (vwx) of 

GABA. A similar effect was observed after continuous adminis- 

tration for 4 or 14 days. None of the treatments affected the 

affinity constant (K^) (Table II). 

Effect of OFP on ^-GASA release; 

Six hr after doses of 1 or mg/kg of DTP, there wa: a 

significant decrease 1n the basal release of GABA; however there 

was no alteration 1n basal release 24 hr after the treatments. 

Continuous administration for 4 or 14 days also decreased basal 

GABA release. Neither acute nor chronic treatments altered the 
4 44 

K -Induced Ca   -dependent GABA release (Table III). 
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Effect of DFP on GABA related enzymes: 

None of the treatment schedules altered GAD and GABA-T 

activities (Table IV). 

Discussion: 

The literature dealing with the involvement of GABA In the 

effects produced by organophosphates 1s limited to a few which 

have examined the convulsive action of organophosphates ' ' ' 

21 29 
• . A systematic examination of acute and chronic effects of 

organophosphates on GABA synaptlc function is lacking. Recently 
36 

we reported  that postsynaptic GABA receptor density was in- 

creased after acute and sub-acute treatment with DTP. The 

present study examined the effects of DTP on various steps 

involved in GABA synaptlc neurotransmlsslon. 

In oder to assess the state of the chollnerglc system, we 

monitored the activities of AChE and CAT In the rat strlatu». 
36 

The present results confirm a previous report that AChE ac- 

tivity was Inhibited In a dose-dependent manner by acute DTP 

administration; continuous administration of DFP led to behavio- 

ral tolerance despite the lack of reversal of AChE inhibition. 

This is consistent with earlier reports31"33,36 by other Investi- 

gators. The present study also showed that CAT, the enzyme In- 

volved 1n the synthesis of ACh was not affected by acute or 

33 
sub-acute treatments. Russell  has pointed out that CAT appears 

unlikely to be a rate-limiting step In ACh synthesis because of 

Its presence in large excess of maximum turnover rates of 

SSSüii^l 
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ACh, and because its inhibition has little effect on ACh levels. 

It is not clear whether the lack of effect of OfP on CAT activity 

is related to these factors. 

The present study revealed that OFP (a) did not influence 

the metabolic enzymes of 6A8A, GAD and GA8A-T, (b) increased the 

GABA and glutamate levels, (c) decreased the uptake of 6A8A and 

(d) decreased the spontaneous release of GABA. Our previous 

report showed that postsynaptlc GABA receptors were Increased by 

OFP treatment. These data, taken together indicate that organo- 

phosphate-Induced alterations in GABA synaptle function may, at 

least partly, influence the overall outcome of organophosphate 

poisoning.  Apparently, OFP effects pre- and post-synaptic 

mechanisms. It Is well-recognized that GABA Is a major Inhibi- 

tory transmitter In the mammalian CNS. Since cholinergic func- 

tion 1s greatly Increased due to Inhibition of AChE by OFP, a 

possible compensatory Increase In GABAerglc activity may be 

expected. Pie Increase in GABA levels Is probably due to the 

decrease In spontaneous release. In order to compensate for this 

effect, the uptake process may be Inhibited so that availability 

of the transmitter to the postsynaptlc sites is not grossly 

iapaired.  As mentioned earlier, anticor jJsants which irt 

believed to act primarily via GABAerglc mechanisms block organo- 

phosphate- induced convulsions ' . 

20 
Lundy et *]_  showed that small amounts of benzodiazepines 

[which are believed to act through enhancing GABAerglc trans- 
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mission ] totally inhibited organophosphata-induced convulsions, 

whereas, even in high doses, the antimujcarinlc compound atro- 

pine, had no effect. These authors further demonstrated that 

aminooxyacetic acid (AOAA) which elevates GABA levels by inhi- 

biting 6ABA-T, also Inhibited the convulsions. Certain organo- 

phosphates which do not Inhibit AChE, but share the convulsive 

property, are believed to act through alterations in GABA func- 

tion. The evidence therefore, appears to indicate that an 

overall GABA receptor activation nay play a part 1n the acute 

effects of organophosphates. 

As mentlonea earlier, the overt parasympathetic activity 

seen afte"* acute exposure Is no longer seen after continuous 

administration though there was no reduction in the #ChE Inhibi- 

tion. The next question Is: how are GABA synaptfc changes 

related to the phenomenon of DTP-Induced behavioral tolerance? 

In general this phenomenon Is attributed to neuronal adaptability 

which Is seen with a variety of drugs such as narcotics, barbi- 

turates etc. However, the neuroehealcal events underlying this 

phenomenon are largely unknown. It should be noted, however, 

that the reduced muscarlnlc receptor density found to occur 

during tolerance, 1s one of the mechanisms suggested for the 

tolerance development2,5,9,35,36. The trend of GABA synaptlc 

changes seen after acute administration of DTP, was maintained 

after chronic treatment. It appears therefore, that the acute 

effect on the GABA system might be due to a compensatory effect 
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to counteract immediate cholinergic overactivity; the effect also 

appears to be maintained on the GABA system irrespective of the 

i behavioral tolerance to continuous DFP treatment. 
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Table I 

Effect of acute and sub-acute administration of OFP on GABA and 

glutamate levels In rat strlatum. 

I change of control 

OFP 
Treatment 

GABA Glutamate 

Acute 

1 eg/kg (single dose) 

After 6 hr ♦11 -3 

24 ♦12 ♦3 

mg/kg (single dosel 

After 6 hr ♦1 HO 

24 hr ♦28* ♦37** 

7 days -a ♦1 

14 days -3 ♦ 

Sub-acute 

1 mg/kg/day x 4 ♦18* ♦17« 

1 mg/kg/day x 14 ♦1 ♦14 

The control level* of 6ASA and glutamatt. wrt 2.13 * 0.12 end 

12.«3 t 1.32 uwli/« tissue respectively. ♦ end - sign represent 

increase and decrease fro« the control respectively. Each group 

consisted of 4 sa*le*. *P < 0.05. **P < 0.01 co-pared to 

control (computed on the original data before normalization Into 

% change of control). 
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Table II 
3 

Effect of acute and chronic administration of OFP on H-GABA uptake of the rat 

striatal homngenate. 

OFP 

Treatment 

Acute 

Control 

1 mg/kg (single dos«) 

After   6 hr 

24 hr 

og'kg (single dose) 

After 6 hr 

24 hr 

Chronic 

Control 

1 ag/kg/day x 4 

1 ag/kg/dey x 14 days 

'H-GABA Uptake 

Km 

(nM) 

max 

<pmo1e/g protein) 

1S5 ±  7.9 

149 t  7.3 

161 i  7.4 

144 t 8.3 

143 i 5.6 

125 i 8.2 

109 t U.O 

113 t 10.0 

10.4 t 1.0 

9.4 t 0.6 

8.7 * 0.4 

8.6 i 0.5 

6.1 ± 0.4* 

10.3 i 0.4 

6.62 t 0.3* 

6.73 t 0.2* 

Data represent ««ean t S.E. of three determinations. ** P < 0.05 compared to 

the respective control. 
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Tablf IV 

Fffpct of acutr .ind sub-acute adminisf rat. inn <if  IJH- on 

GABA-rolated enzyme activities of rat striatum 

DFP 

Treatment 

GAO 

(nmole/hr/mg) 

GABA-T 

(nmole/hr/mg) 

Acute 

Control        31.2 ± 0.32 

1 ng/kg (single dose) 

After 6 hr        38.2 ± 0.33 

24 hr        29.8 i 0.30 

mg/kg (single dose) 

After 6 hr        30.4 t 0.22 

24 hr        27.2 t 0.48 

196 < 23 

169 f 21 

177 » 19 

Sub-acute 

Control 

1 »g/kg/day i 4 

1 »g/kg/day x 14 

27.4 t 1.20 

31.2 t 1.44 

27.8 1 2.41 

0«U represent wan « S.E.    four to 5 samples were used ir each 

group. 

0 

166 t 2S 

181 t 11 
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