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Protection and Reversal by Memantine and Atropine of 
Carbof uran- I nduced Changes in Biomarkers 

Ramesh C. Gupta, John T. Goad, and Wade 1. Kadel 
Toxicology Department, Breathitt Veterinary Center, Murray State University, Hopkinsville, Kentucky 

ABSTRACT Male Sprague-Dawley rats injected with a single acute dose of carbofuran (1.5 mg/ 
kg, sc) developed chewing movements and fine tremors within 5-7 min. The signs of maximal 
severity with hypercholinergic preponderance including muscle fasciculations, convulsions, tra- 
cheobronchial secretions, and diarrhea were evident within 15-30 min and lasted for about 2 h. 
Toxic signs were of central, as well as peripheral, origins. Rats were free from toxic signs by 3.5 h. 
Various antidotal drugs, alone or in combination with atropine sulfate (ATS), were administered as 
pretreatment or as therapeutic measures to alleviate carbofuran-induced cholinergic toxicity. In 
fact, pyridine-2-aldoxime methylchloride (2-PAM) or diazepam alone or in combination with ATS 
did not provide any beneficial antidotal effects. Combined pretreatment with memantine (MEM, 18 
mgikg, sc) and AT5 (16 mgikg, sc) provided complete protection against carbofuran toxicity and 
reversal of clinical evidence when given therapeutically. Carbofuran intoxication caused significant 
alterations in the activities of biomarker enzymes such as creatine kinase (CK) and lactic dehydrog- 
enase (LDH) and their isoenzymes patterns in serum as a result of their leakage from the target 
organs (brain, muscles, and heart). Significant increases in the levels of transaminases (GOT and 
GPT) and glucose were also noted. MEM in combination with ATS provided significant protection 
and reversal of the induced changes in the aforementioned parameters, in addition to similar 
protective effects reported on target enzyme acetylcholinesterase (AChE). These results, along with 
those reported previously, indicate that MEM antagonizes carbarnates toxicity by maintaining cell 
membrane permeability and integrity through multiple mechanisms, in addition to muscarinic 
receptor blocking effect of ATS. o 1993 Wiley-Liss, Inc. 
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INTRODUCTION 

The carbamate compounds, especially those 
with insecticidal effect, are known to elicit poisoning 
in man and animals by virtue of acetylcholinesterase 
(AChE) inhibition at the synapses and neuromuscular 
junctions resulting in excessive acetylcholine (ACh) 
accumulation [Casida, 1963; O’Brien, 19671. Consid- 
erable morphological and biochemical evidence also 
suggest that brain, skeletal muscles, and heart are the 
target organs for most AChE inhibitors [Petras, 1981; 
Lemercier et al., 1983; McLeod, 1985; Gupta and 
Kadel, 1989a, 19901. Interestingly, these organs are 
also reported to have a greater abundance of biomar- 
ker enzymes, such as creatine kinase (CK) and lactic 
dehydrogenase (LDH), whose isoenzymes are rela- 
tively tissue specific [Bais and Edwards, 1982; Gupta 
et al., 1991a,b]. Thus, the application of CK and LDH 
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and their characteristic isoenzymes in serum analyses, 
representing tissue specific damage, has become 
more common [Codd et al., 1977; Asztalos and Nem-  
csok, 1985; Sket et al., 1989; Linz et al., 1990; Bhar- 
gava et al., 1990; Shina and Condrea, 19901. 

In our recent studies, we demonstrated that a 
commonly used carbamate insecticide carbofuran not 
only inhibits AChE and carboxylesterases (CarbE) but 
also perturbs the activities of CK and LDH and their 
isoenzymes patterns along with transaminases (GOT 
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TABLE 1. Protocol for Antidotes Against Carbofuran Intoxication* 

Group Treatment Toxicant/antidotes administration Time of sacrifice 

I Control Dimethyl sulfoxide (DMSO) None 1 h after DMSO 
II Toxi cant Carbofuran None 1 h after carbofuran 
111 Antidotes MEM + ATS ATS 45 min after MEM 1 h after MEM 
IV Prophylactic treatment MEM + ATS + carbofuran MEM 1 h and ATS 1 h after carbofuran 

V Therapeutic treatment Carbofuran + MEM + ATS MEM and ATS 5-7 rnin 1 h after carbofuran 

*Drug dosages: Carbofuran = 1.5 mg/kg; memantine HCI (MEM) = 18 mg/kg; and atropine sulfate (ATS) = 16 rngikg. All the drugs were 
administered via sc route 

Schedule of antidote 

15 min before carbofuran 

after carbofuran 

and GPT) in target tissues [Gupta et al., 1991a,b]. 
Alterations in the activities of enzymes and their 
isoenzymes were reflected in serum as a consequence 
of their leakage from tissues due to substantial deple- 
tion of adenosine triphosphate (ATP), which is essen- 
tial for retaining intracellular enzymes by maintaining 
the cell membrane permeability and integrity [Wood- 
man, 1981; Gupta et al., 1991a, 19921. We have con- 
sistently found increased glucose to be another very 
sensitive biochemical parameter of carbofuran toxicity 
[Gupta et al., 1991aI and has also been considered as 
a biomarker in this study. 

Until recently, antidotal treatment against car- 
bamate poisoning consisted of only atropine sulfate 
(ATS), since the use of oximes or diazepam was either 
of no therapeutic value or in some cases accentuated 
the toxicity [Hayes, 1982; Murphy, 1985; Gupta and 
Kadel, 1989bI. In our recent reports, we demon- 
strated that MEM plus ATS completely prevented 
carbofuran and aldicarb toxicity by significant protec- 
tion and/or reversal of inhibited AChE [Gupta and 
Kadel, 1989b, 1991a,b]. In this investigation we re- 
port that MEM in combination with ATS also re- 
versed alterations in CK, LDH, and other related 
biomarkers caused by carbofuran acute poisoning. 
These findings further validate the therapeutic poten- 
tial of these antidotes in carbamates poisoning. 

MATERIALS AND METHODS 
Animals 

Male Sprague-Dawley rats weighing between 
160-180 g were purchased from Sasco, Inc. (Omaha, 
NE). They were housed five per cage in our con- 
trolled environmental conditions: 21 ? 1°C room 
temperature, 50 +- 10% humidity, and 12 h light112 h 
dark cycle. They had free access to pellet food (Ro- 
dent Laboratory Chow, Purina Mills, Inc., St. Louis, 
MO) and water. The animals were acclimatized to 
these conditions for at least 7 to 10 days before being 
used. 

Chemicals 

Carbofuran (2,3-dihydro-2,2-dimethyl-7-benzo- 
furanyl N-methylcarbamate), technical grade (98.1%), 
in a crystalline form from FMC Corporation (Agricul- 
tural Chemical Group, Princeton, NJ), and meman- 
tine HC1 (1, 3-dimethyl-5-aminoadamantane hydro- 
chloride, MEM), technical grade (90.18%), in a 
powder form from Merz and Company, GMBH, 
Frankfurt, West Germany, were received as generous 
gifts. The reagents and materials for the assay of tran- 
saminases (GOT and GPT), creatine kinase (CK), and 
lactic dehydrogenase (LDH) and their isoenzymes 
were obtained from the following sources: 1) Trace 
Scientific Pty. Ltd., Baulkham Hills, N.S.W., 2) 
Ciba-Corning Diagnostic Corp., Palo Alto, CA, and 3) 
Sigma Diagnostics, St. Louis, MO. All other chemi- 
cals used were of highest purity and purchased from 
Sigma Chemical Co., St. Louis, MO, and Fisher Sci- 
entific, Fair Lawn, NJ. 

Experimental Design 

The experimental design including protocol for 
carbofuran and antidotes (MEM and ATS) administra- 
tion was similar to that described previously [Gupta 
and Kadel, 198913, 199la,b] and is presented in Table 
1. Briefly, this investigation was conducted on five 
groups of rats (five rats in each group), which were 
given the treatment(s) as follows. Group I, receiving 
dimethylsulfoxide (DMSO) in an equal volume to the 
tested drugs (100 p1/100 g body weight), was consid- 
ered as vehicle control group. Group I1 rats were 
administered with a signs-producing sublethal acute 
dose of carbofuran (1.5 mg/kg). Group 111 rats re- 
ceived a combination of antidotes: MEM (18 mg/kg) 
+ ATS (16 mg/kg). Group IV rats were treated with 
MEM followed by ATS, 60 min and 15 min, respec- 
tively, prior to carbofuran administration. Group V 
rats received these antidotes (MEM + ATS) as a thera- 
peutic measure shortly after appearance of carbo- 
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furan-induced toxic signs (5-7 min after carbofuran). 
All injections were made subcutaneously (sc) in the 
back of the neck, and the volume of injection was kept 
constant (100 p1/100 g body weight). 

The rationale for selecting the doses of carbo- 
furan, MEM, and ATS is well described in our recent 
publications [Gupta and Kadel, 1989a,b, 1990, 
1991a, b]. Briefly, the administration of carbofuran 
(1.5 mg/kg, sc) produced the onset of anticholinester- 
ase signs within 5-7 min. With increasing propensity, 
the signs of maximal severity including muscle fascic- 
ulations and convulsions were attained within 15 min 
to 30 min. The rats were sacrificed 1 h after carbo- 
furan injection because maximal inhibition of acetyl- 
cholinesterase (AChE) and peak toxicity signs were 
noted at this time [Gupta and Kadel, 1989a,b]. Fur- 
ther, the time to peak memantine concentration in 
tissuedblood was also attained within 0.5-1 h 
[Bleidner et al., 1965; Uchiyama and Shibuya, 1969; 
Osborne et al., 19821. Since neither MEM nor ATS 
alone provided complete protection against carbo- 
furan acute toxicity, administration of these two anti- 
dotes in combination was considered more appropri- 
ate. In pilot studies, prophylaxis or therapy with 
pyridine-2-aldoxime methylchloride (2-PAM) or diaz- 
epam singly or in combination with ATS did not pro- 
vide any beneficial effects. Therefore, neither 2-PAM 
nor diazepam was included in the final investigation. 

At predetermined times rats were decapitated 
by guillotine and blood samples were collected. Se- 
rum samples were harvested at room temperature by 
centrifugation (3,000 rpm for 30 min) of the clotted 
blood. 

Biochemical Procedures 

Creatine kinase (CK) and CK isoenzymes (EC. 2.7.3.2) 
The activity of total CK was determined accord- 

ing to the method of Serono-Baker Diagnostics, Inc. 
based on the method of Oliver [ 19551 as modified by 
Rosalki [1967] and Szasz et al. [1976], using the En- 
core Chemistry System (Baker Instruments Corp.). 
The isoenzymes of CK [CK-BB (CK-l), CK-MB (CK- 
2), and CK-MM (CK-3)] were separated by electro- 
phoresis (Ciba-Corning, Palo Alto, CA), and the ac- 
tivity of each isoenzyme was quantified according to 
the procedure of Sigma Diagnostics using IL densit- 
ometer (Instrumentation Laboratory Inc.). 

Lactic dehydrogenase (LDH) and LDH 
isoenzymes (EC. 1.1.1.27) 

The activity of total LDH was determined ac- 
cording to the method of Serono-Baker Diagnostics, 
Inc. based on the method of Gay et al. [1968], using 
Encore Chemistry System. The isoenzymes of LDH 

[HHHH (LDH-l), HHHM (LDH-2), HHMM (LDH- 
3), HMMM (LDH-4), and MMMM (LDH-5)] were 
separated by electrophoresis, and the activity of each 
isoenzyme was quantified according to the procedure 
of Ciba-Corning Diagnostics Corp., using IL densit- 
ometer. 

Transaminases (aspartate aminotransferase, 
GOT, EC. 2.6.1.1 ., and alanine aminotransferase, 
GPT, EC. 2.6.1.2.) 

The activities of GOT and GPT were deter- 
mined according to the methods of Henry et al. [ 19601 
and Amador et al. [1967] modified from the original 
methods of Karmen [1955] and Wroblewski and La- 
Due [1956]. The activities of CK, LDH, GOT, and 
GPT were determined as IU/liter and also expressed 
in terms of percent activity of controls. 

Glucose 

The determination of glucose was done accord- 
ing to the method of Serono-Baker Diagnostics, Inc. 
using the Encore Chemistry System. 

Statistical Analyses 

Data were analyzed using analysis of variance 
(ANOVA) coupled with Duncan’s new multiple range 
test [Steel and Torrie, 19801. 

RESULTS 

Carbofuran produced the toxic signs of onset 
such as salivation, chewing movements, and fine 
tremors within 5-7 min following its administration 
via sc route. Within 15-30 min animals exhibited 
signs of peak severity with hypercholinergic activity 
including muscle fasciculations and convulsions that 
lasted for about 2 h. Prophylaxis with MEM and ATS 
afforded complete protection against carbofuran acute 
toxicity as the animals did not show any toxic signs. 
Therapeutic administration of these antidotes at the 
time of onset signs, i.e., within 5-7 min after carbo- 
furan injection, attenuated all the toxic signs. At no 
time was there evidence of recurrence of any toxic 
signs. MEM and ATS administration in carbofuran- 
untreated and treated rats did not produce any unto- 
ward effects. 

Results presented in Table 2 show that carbo- 
furan significantly enhanced the activity of total CK 
(163%). Detailed analyses of normal rat serum for CK- 
isoenzymes revealed very high activity of CK-MM 
compared to that of CK-BB. Carbofuran caused ele- 
vation of CK-BB by 247% and CK-MM by 131%. The 
isoenzyme CK-MB, which was not detectable in nor- 
mal serum, showed much higher activity in carbo- 
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TABLE 2. Effects of MEM and ATS on  Total CK and LDH Activities in Serum of Rats intoxicated With Single Dose of Carbofuran 
(1.5 mg/kg, sc)+ 

Enzyme activity (IUIL) 

Group Treatment Total CK Total LDH 

DMSO (control) 

Carbofuran 

MEM + ATS 

MEM + ATS + carbofuran 

Carbofuran + MEM + ATS 

4,644 t 535 
( 1  00) 

7,558 2 283’ 
(163) 

(95) 
4,811 t 261** 

(1 04) 
5,768 4 302** 

( 1  24) 

4,415 2 655 

675 -C 61 
(1 00) 

1,081 2 35* 
(1601 

731 t 110 
(1  08) 

(101) 
1001 ? 81 

(148) 

681 t 85** 

+Values are means ? s.e.m. Numbers in parentheses indicate percentage changes compared to controls (100%). For the details of drugs and 
dosages, see Table 1. 
*Significant difference between controls (Group I) and carbofuran-treated (Group II) rats ( P  < 0.01). 
**Significant difference between carbofuran treated (Group II) and carbofuran + antidotes (Group IV or Group V)-treated rats ( P  < 0.01). 

furan-treated (740 2 93 IU/liter) rats (Fig. 1). MEM 
and ATS administration in carbofuran-untreated rats 
did not alter the activity of CK or its isoenzymes. 
Prophylaxis or therapy with MEM and ATS provided 
significant protection and reversal of carbofuran in- 
duced changes in total CK and CK isoenzymes activ- 
ity (Table 2 and Fig. 1). 

In normal rat serum, the activity of total LDH 
was less than one seventh compared to that of total 
CK. Normal serum had five electrophoretically dis- 
tinct isoenzymes with variable activity in the follow- 
ing order: LDH-S> LDH-4> LDH-3> LDH-2> 
LDH-1. In other words, isoenzyme LDH-5 with M 
subunits was in abundance, while the isoenzyme 
LDH-1 with H subunits and no M subunit was in the 
least quantity (Fig. 2). Carbofuran acute toxicity 
raised the total LDH activity by 160% (Table 2). Un- 
der the influence of carbofuran intoxication, the ac- 
tivities of four out of five LDH isoenzymes (LDH-1 to 
LDH-4) were significantly elevated, while LDH-5 
was lowered (Fig. 2). The biggest increase was noted 
in LDH-1 (1655%), followed by LDH-2 (768%), 
LDH-3 (515%), and LDH-4 (265%). Combined pre- 
treatment of antidotes (MEM and ATS), which did 
not alter the activity of total LDH or any of its isoen- 
zymes in carbofuran-untreated control rats, provided 
remarkable protection against carbofuran-induced al- 
terations. These antidotes when given therapeutically 
reversed the induced changes in LDH isoenzymes 
but were unable to completely reverse the total LDH 
activity (Table 2, Fig. 2). 

Results in Figure 3 show that carbofuran acute 
toxicity raised the activities of both transaminases 
(GOT and GPT) markedly higher than normal levels. 

The increase in GOT activity was significantly greater 
than GPT activity (300% and 191%, respectively). Ac- 
tivities of both transaminases were found in the nor- 
mal range when rats were pretreated or treated with 
antidotes. This combined antidotal treatment also 
provided complete protection/attenuation of hyperg- 
lycemia (2.5-fold) caused by carbofuran (Fig. 4). 

DISCUSSION 

The objective of this investigation was to further 
evaluate the efficacy of MEM and ATS, on the basis of 
protection and reversal of alterations in the “biomar- 
kers, in carbofuran acute toxicity. It needs to be em- 
phasized that the overall spectrum of carbofuran acute 
toxicity signs consists of muscarinic as well as nicotinic 
receptor associated effects [Gupta and Kadel, 1989al. 
MEM alone (18 mg/kg, sc) antagonized the induced 
nicotinic effects but did not afford protection against 
muscarinic effects. On the other hand, ATS (16 mg/ 
kg, sc) alone protected against the muscarinic effects, 
but not the nicotinic effects. Prophylaxis with a com- 
bination of MEM and ATS, however, completely pre- 
vented the anticipated acute toxic effects of carbo- 
furan or attenuated these effects when given 
therapeutically [Gupta and Kadel, 1989b]. Therefore, 
in the present investigation the efficacy of MEM and 
ATS was evaluated only in combination. 

It was demonstrated recently that carbofuran, in 
addition to causing inhibition of target enzyme AChE 
and nontarget enzyme CarbE [Gupta and Kadel, 
1989b], elicited profound changes in biomarker en- 
zymes such as LDH, CK, and transaminases (GOT 
and GPT), suggesting severe cytotoxicity [Gupta et 

> >  . 
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Fig. 1. Effects of MEM and ATS on serum CK isoenzymes in rats 
acutely intoxicated with carbofuran. The activities of isoenzymes 
presented as IU/L are means 2 s.e.m. (n = 4-5). For the details of 
drugs and dosages, see Table 1. a, Significant difference between 

al., 1991a,b]. Detailed evaluation of serum for isoen- 
zymes of CK and LDH revealed characteristic 
changes in their patterns which were tissue specific. 
In fact, determination of isoenzymes in tissues con- 
firmed that the observed changes in serum were re- 
flections of those seen in tissues. 

From various laboratories, including ours, it is 
well established that MEM exerts directly/indirectly 
multiple biochemical and pharmacological effects. 
For example, its effects are studied on i) transmitter 
processes [Osborne et al., 1982; Sontag et al., 19821, 
ii) synaptic and nonsynaptic actions [Wand et al., 
1977; Wesemann and Ekenna, 1982; Wesemann et 
al., 19831, iii) prevention of neural hyperexcitability 
[ McLean, 19871, iv) reversible neuromuscular trans- 
mission blockade by interaction with ACh receptor- 
ion channel complex [Masuo et a]., 19861, and v) cen- 
tral muscle relaxation [Grossman and Jurna, 19771. 
The principal mechanism in antagonizing carbofuran 
and other anti-AChE poisoning by MEM could be its 
potential for protection and/or reactivation of AChE 
[Gupta and Kadel, 1989b, 1990, 1991a,b]. Another 
important mechanism investigated was protection of 
CarbE by MEM providing blockage of nonspecific 
binding of carbofuran allowing its rapid elimination 
[Gupta and Kadel, 1989131. The mechanism of action 
of ATS in partial protection and reversal of anti- 
cholinesterase agents poisoning is well established 

6oool 23 h 

C K - M M  

controls (Group I )  and carbofuran-treated (Group I I )  rats ( P  < 
0.01). b, Significant difference between carbofuran-treated 
(Group II) and carbofuran + antidotes (Group IV or Group V)- 
treated rats ( P  < 0.01). 

[Hulme et al., 1978; Taylor, 19851. In brief, ATS com- 
petitively blocks muscarinic receptors and thereby at- 
tenuates the hypersecretory activities of accumulated 
ACh. 

The leakage of cytoplasmic enzymes (CK, LDH, 
GOT, and GPT) into serum from tissues could be 
attributed to marked depletion of high-energy phos- 
phate ATP and possibly phosphocreatine (PCr), since 
ATP is required to maintain the cell membrane per- 
meability and membrane characteristics, including 
electrophysiology and stability [Gupta and Dettbarn, 
1987; Bricknell and Opie, 1978; Gupta et al., 1991a,b, 
19921, and thereby retains the vital intracellular con- 
tents. It was evident from these studies that down- 
regulation of high-energy phosphates (40-60%) was a 
result of their greater demand to cope with energy 
required for high-frequency muscle fasciculations, the 
most characteristic feature of carbofuran or other car- 
bamate toxicity [Gupta and Kadel, 1989a; Gupta et 
al., 1991aI. The characteristic changes in isoenzymes 
patterns of CK and LDH are suggestive of cytotoxic 
insult at least in target organs. Data presented in Ta- 
ble 2 and Figures 1-3 demonstrate that combined 
treatment with MEM and ATS provided significant 
protection/reversal of carbofuran-induced changes in 
the cytoplasmic biomarker enzymes (CK, LDH, and 
transaminases). It can be hypothesized that MEM, in 
addition to the aforementioned multiple actions, 
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Fig. 2. Effects of MEM and ATS on serum LDH isoenzymes in rats controls (Group I )  and carbofuran-treated (Group II) rats ( P  < 
acutely intoxicated with carbofuran. The activities of isoenzymes 0.01). b, Significant difference between carbofuran-treated 
presented as IU/L are means -+ s.e.m. (n = 4 5 ) .  For the details of (Group 1 1 )  and carbofuran + antidotes (Group IV or Group V)- 
drugs and dosages, see Table 1. a, Significant difference between treated rats ( P  < 0.01). 

might facilitate in maintaining normal cell membrane 
permeability probably by preserving normal ATP and 
PCr levels, since MEM is demonstrated to alleviate 
the hyperactivity of muscles, brain, and heart in car- 
bofuran intoxicated rats [Gupta and Kadel, l989bI. 

In our comprehensive studies on carbofuran in- 
toxication, one of the most consistently observed bio- 
chemical changes, was a 2- to 3-fold increase in glu- 
cose (Fig. 4). This marked increase in glucose was 
probably due to enhanced levels of catecholamines 
(epinephrine and norepinephrine) [Gupta et al., 
19841 and elevation in the activities of key quartet 
gluconeogenic enzymes (pyruvate carboxylase, phos- 
phoenolpyruvate carboxykinase, fructose 1, 6-biphos- 
phatase, and glucose 6-phosphatase), i. e., the reversal 
of glycolysis [Kacew and Singhal, 19731. MEM and 
ATS treatment provided complete protectionheversal 
against hyperglycemia caused by carbofuran (Fig. 4). 
Whether MEM diminishes the hyperglycemia by 
preventing the release of catecholamines or by nor- 
malizing the activity of muscles and brain thereby 
lowering the need of energy is yet to be studied. 

It is also important to note that combined ad- 
ministration of MEM and ATS did not affect the ac- 
tivity of any target or non-target biomarkers in normal 
(carbofuran-untreated) rats [Table 1 and Figs. 1-4; 
and Gupta and Kadel, 1989b, 1991a,b,]. In addition, 

T R A N S A M I N A S E S  

CONTROL M E M  f A T S  S C A R B O F U R A N  

CARBOFURAN CARBOFURAN t M E M  f A T S  

MEM + A I S  

' O 0 1  

0 L 
GPT - GOT - 

Fig. 3. Effects of MEM and ATS on serum transaminases (GOT 
and GPT) in rats acutely intoxicated with carbofuran. The activities 
of enzymes presented as IUlL are means 2 s.e.m. (n = 4-5). For 
the details of drugs and dosages, see Table 1. a, Significant dif- 
ference between controls (Group I) and carbofuran-treated 
(Group I I )  rats ( P  < 0.01). b, Significant difference between car- 
bofuran-treated (Group II) and carbofuran + antidotes (Group IV 
or Group V)-treated rats ( P  < 0.01). 
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CONTROL 

CARBOFURAN 

M E M t A T S  

M E M  + ATS + CARBOFURAN 

69 C A R B O F U R A N t M E M  +ATS 

4007 
I 

Fig. 4. Effects of MEM and ATS on serum glucose in rats acutely 
intoxicated with carbofuran. The concentrations of glucose pre- 
sented as mg/dl are means f s.e.m. (n = &5). For the details of 
drugs and dosages, see Table 1 .  a, Significant difference between 
controls (Group I )  and carbofuran-treated (Group I I )  rats ( P  < 
0.01). b, Significant difference between carbofuran-treated 
(Group II) and carbofuran+antidotes (Group IV or Group V)- 
treated rats ( P  < 0.01). 

MEM does not produce any obvious side effects, thus 
imparting an obvious advantage over other antidotes 
[Miltner, 1982; Gupta and Kadel, 1989bl. 

From the results presented in this study and 
elsewhere, it can be concluded that MEM in combi- 
nation with ATS protect target tissues from cytotoxic 
insult elicited by carbofuran. It remains to be seen 
whether this antidotal treatment would provide such 
antagonizing effects on biomarkers against other anti- 
AChE compounds, as demonstrated on AChE [Gupta 
and Kadel, 1989a, 1990, 1991a,b]. 
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