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Abstract-Twenty-four hr after oral administration (0.2 to 2,Og/kg) of disulfiram (DS) to male rats. 
significant impairment of hepatic microsomal carboxylesterase and plasma carboxyl- and cholinesterasr 
was observed. Plasma esterase activities returned to control values between 4X and 72 hr after a single 
oral dose of DS (2,0g/kg). but microsomal carboxylesterase activity was still significantly lower in 
treated animals at both times. Daily administratlon of DS (0.1 or 0.4 g/kg) resulted in decreased micro- 
somal carboxylesterase activity after 2 days. However, continued administration of DS for a total ol 
I2 days did not produce further depression of microsomal esterase activity. Microsomal and plasma 
carboxylesterase activities were also decreased 24 hr after oral administration (I.0 to 2.0 g/kg) of sodium 
diethyldithiocarbamatc (DDTC), the reduced metabolite of DS. Hepatic microsomal esterases that 
migrated rapidly toward the anode during polyacrylamide disc gel electrophoresis were the most sensi- 
tl\c to impairment by DS or DDTC. Esterase activity in the lung was also impaired after DS or DDTC 
administration. whereas esterases of the heart. kidney and testis were essentially unaffected. Incubation 
in vitro of liver microsomes with DS decreased microsomal carboxylesterase activity. while incubation 
with DDTC had little effect. Plasma carboxylesterase was inhibited irt rirro to a greater extent than 
microsomal esterases by both DS and DDTC. Diethylamine and CSz. the decomposition products 
of DDTC. were essentially inactive as esterasc inhibitors in ritro. 

Disulfiram (Antabuse. DS) has been used for over 

20 yr in avoidance therapy for certain patients with 
chronic alcoholism. Ingestion of ethanol by a patient 
taking DS produces a wide range of unpleasant symp- 
toms called the “Antabuse reaction.” DS inhibits alde- 
hyde dehydrogenase: thus when ethanol is ingested 
acetaldehyde accumulates. Therefore. it has been sug- 
gested that acetaldehyde accumulation is primarily re- 
sponsible for the Antabuse reaction [I, 21. However, 
since acetaldehyde administration does not duplicate 
all of the symptoms of this reaction. it has also been 
suggested that the chemical product of a direct eth- 
anol_DS interaction may be responsible [-iI or that 
ethanol may increase the toxicity of DS by inhibiting 
its metabolism [4], 

Although attention has been focused primarily on 
the biochemical basis for the effectiveness of DS in 
alcohol avoidance therapy, other unrelated actions 
of clinical significance have been reported. Of particu- 
lar significance is the observation that DS inhibits 
oxidative drug metabolism both irk vitro and ill Z+W 
15-73. Studies in man have shown that DS adminis- 
tration prolongs antipyrine half-life [8] and may in- 
hibit metabolism of diphenylhydantoin and warfarin 
[9. lo]. Recent experiments in our laboratory have 
been designed to characterize the effects of DS on 
oxidative and hydrolytic drug metabolism and the 
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mechanisms by which it exerts these effects. Since 
plasma and tissue esterases are responsible for hy- 
drolysis of many ester and amide drugs [I l-13]. one 
aspect of our work has been to study the effects of 
DS and its reduced metabolite, diethyldithiocarba- 
mate (DDTC). on certain esterases of the rat. The 
results of these studies are presented in this report. 

MATERIALS AND METHODS 

Anin~~l.s. Male Sprague-Dawley rats (2OC-300 g) 
purchased from Charles River Labs were used 
throughout the experiments. All animals had free 
access to Purina lab chow and water, except where 
noted. 

Chetnicu/s. Tetraethylthiuramdisulfide. butyrylthio- 
choline chloride and 5,5-dithiobisnitrobenzoate were 
purchased from Sigma Chemical Co. (St. Louis. MO.). 
Sodium diethyldithiocarbamate trihydrate was 
obtained from Fisher Scientific Co. (Fair Lawn. N.J.). 
and indophenylacetate from Eastman Kodak Co. 
(Rochester, N.Y.). 

Prrpuration oftissurs. After decapitation. blood was 
collected in heparinized tubes and plasma was separ- 
ated by centrifugation (8OOy) for 15 min at 4”. Lungs. 
kidneys, hearts, testes and livers were homogenized 
in 4 vol. of 0.05 M Tris+HCl. pH 7.4. and centrifuged 
at 9000 y for 20 min at 4”. The 90004 supernatant 
was kept on ice and used for determination of esterase 
activity in these tissues. Liver microsomes were pre- 
pared as previously described [S]. Protein content was 
determined by the biuret method 1141. 

Electropho~esis. Hepatic microsomal esterases were 
separated by polyacrylamide disc gel electrophoresis. 
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The microsomal suspension was diluted with 0.02 M 

Tris- HCI (pH 74) 1,1.5”,, KC1 containing l”,, Triton 

X-IO0 to a final protein concentration of 3 mgml. 

Electrophoresis was performed according to the 

method of Ornstcin [ 151 and Davis [ 161 as modified 
in our laboratory [I 71. Each tube (0.5 cm id.) con- 
tained I4 ml of separating gel (S”,, acrylamidc) above 
which was polymerizd approximately 0.15 m1 of stack- 

ing gel. Just prior to elcctrophorcsis. IO /II of the 
solubilized microsomal suspension was added to a 
small volume of stackin! gel which was polqmerizd 
on top of the prc-existmg stacking gel. The upper 
and lower bath buffers contained 0.03X M gl!cinc and 
0305 M Tris HCI. pH X.3. Gels were run at :I con- 
stant ciirrcnt of 4 mA~tiibe for 45 min. Esterwe ac- 
tivity was localized bq immersing each gel in ;I solu- 
tion or I”,, z-naphthylacctate and Fast Blue RR. 
according to the method of Markel-t and Hunter [IX]. 
After staining for 5 min. the gels wcrc rinsed with dis- 
tilled water and fiucd in methanol \\ater acetic acid 

(4:-l:]) overnight and Lccrc rchydrated in 7”,, acetic 
acid for I da; prior to scanning. The gels wcrc 

scanned at 333 nm in a Gilford-? spectropho- 

ometer quippod 1% ith ;I gel scanning attachment. The 

resulting peaks were integrated by a Hewlett Packard 
3373B integrator. The integrator was intcrf&d Lvith 

;I Hewlett -Packard 9X IOA calculator programmed to 
total fhe intcgratcd area of the sca11 and to dctcrminc 
the per cent acli\,it> of each peak. 

Dcl(,r.,l~i~ltr/io,~ of’ c’st~tr.~ trc,fjri/~.. Car-box! Icstcrasc 

activity \v;ts determined at 25 using a colorlmctric 
assay with indophcn\ lacetate (IPA) as the substrate 
[ 17. 191. The assay n&ture contained enrymc (0.1 m1 
plasma or 005 ml niicrosomcs. I 2 mp protein’ml). 
0.05 M Tris HCI hull&. pH X.2. and O.O.il ml of OG! M 

IPA in absolute crhanol (linal substrate conccn- 
tration. 3.3 x 10 ’ M) in ;I total volume of 30 ml. To 

detcrminc tissue carhoxylestcrase activities. the fol- 

lowing amounts of 90(H) g supcrnatant wcrc added to 

buffer and @05 ml of 0~02 M IPA in a total volume 
of14 ml: heart. 0.1 ml: lung, 0.05 ml; liver. 0.01 m1: 
kidnq. OW ml: and testis. OG5 ml. The specific a- 

tivity of the cnz>mc was calculated from the absor- 

Compound Dose Microsomal 
administered (g.kg-[m-moles,‘kE]) carboxylcsteraset 

I’lasllla 

carbo\) li‘atcrasc:i: 

DS 

DDTC 

Control 

0.2-[U7] 
I G[3.4] 
wIh.71 

Control 
02-[W] 
I a-13.41 
xl-[W] 

I ‘IO I ow 12.75 & 0,s I (I.04 _ 0~05 
0.7x * 007~ (67) low + 0.77’ (79) 0-w j 0.0-l (731 

0.68 + 0~04~ (58) 7,53 + O.hY (54) ou 2 0~03 (47, 
0.54 $ 0.04~ (46) 7.98 _+ o-6’) (%I (1.J: + 0.07 (501 

09’) * WI0 I?liO * 045 O-hi i- (I.-1 
lal + w4 (101) 13.95 + 0.50 (c)71 O-Y7 _r ow> (I091 

0.78 * 005 (7 I I I(bt(7 * 043, 171) (I.‘)_? yr 0.05 (I IO) 
0.49 t OGi i (50) 7.70 2 0.54! (50) O.(L\ I O.I)S (7-11 

* After overnight starvation. male rats were given DS or DDT(‘ h! g;~\apc in 2 .: ml 01‘ 0.5”,, c’:,, lW\! nl~rl~~I~~llulo\~ 
((‘MC). Control animals reccivcd (‘MC’ vehicle onI!. Values arc the IRC;III\ (71 ~C)LII s~r~~n~;~l\ . >i. I iLI ly~~mh~t-~ 

in parentheses are percentage of control. 
t Itmoles IPA hydroly7cd,‘min.‘mg of microsomal protan. 
$ nmoles IPA hqdrolyred~min;mg of plasma protein. 
4 nmoles BUTCH hydrolyzedtmin;mg of plasma protein. 
/I Different from control (P < 001). 
q Different from control (P < OGS). 
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Table 2. Microsomal and plasma esterase activity 24 hr after i.p. administration of DS or DDTC* 
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Experimental 
group 

Microsomal Plasma 
carboxylcstcrasct carboxylesterase~ 

Plasma 
cholinesterase$ 

Control I.18 * 007 I I.35 f 0.36 0.99 * 0.06 
DS Whh i_ 0.05~ (56) 7.2 I * R.5 II/ (64) 0.44 + 0.02’1 (44) 

Control I .53 * 0.05 12.61 * 0.62 0.94 i 0.06 
DDT’C‘ 1’12 * O.Oil~ (73) I 3. I 2 * 0.94 ( 104) 0.74 * 0.07 (79) 

* In separate cupcrnnents. malt rats wcrc given 0.4 gkg (I.4 m-moles.‘kg) of DS or 0.4 gikg (I.8 m-moles;kg) of DDTC 
by i.n. iniection. Control animals were eiven CMC vehicle i.p. Values are the means of four animals f S. E. M. 
Num~bcrs~‘in parcnthcscs arc pcrccntagc <yf control. 

-I- jlmolcs IPA h>drolqzed min mg of microsomal protein 
$ nmoles IPA hydrolyzed mill, ink of plasma protein. 
4 nmoles BUTCH h!drolyzed~min~mg of plasma protein. 
j Ditl’crent l’rom control (P < 0.01 ), 

ranging from 0.2 to 2.0 g.kg. Plasma carboxyl- and 
cholincsterasr activities were also reduced to approxi- 
mately 75 or SO per cent of control after 0.2 or 
I.0 g. kg of DS. Ho~cver, no further decrease in 
plasma esteraac activities occurred when 20 g/kg of 
DS was given. 

In contrast. 0.2g kg of DDTC had no effect on 
esterase activities and lQg;kg of DDTC impaired 
only plasma carbox\lesterasc activity (Table I). When 
DDTC was administered at thr highest dose 
(2.0 g/kg). microsomal and plasma carboxylesterase 
activit> was similar to activity recorded after 2.0 g/kg 
of DS (approximatcl! 50 per cent of control). How- 

cvcr. plastna cholincstcrase impairment was not sta- 

tistically significant even after ZOg,,kg of DDTC. It 
should be noted that. although the doses of DS and 
DDTC were equal on a &kg basis. on a molar basis 
approximately XI”,, more DDTC (trihydrate sodium 
salt) was giwn at each dosage lcvcl. 

Since OIK explanation for the lower potency of 
DDTC as compared to DS could be that DDTC 
decomposes in the gun to CSZ and diethylamine 
before it can bc absorbed [4]. the effects of DS and 
DDTC were also compared 14 hr after i.p. adminis- 
tration. As shown in Table LO.4 g/kg (1,4m-moles/kg) 
of DS significantly impaired microsomal carboxyles- 
tcrase and plasma carboxyl- and cholinesterasc 24 hr 
after i.p. administration. On the other hand. 0,4g!‘kg 
( 1% m-molwkg) of DDTC significantI> decreased 
only microsomal carboxylesterase actwity. Thcsc 

results appear to rule out destruction of DDTC in 
the gut as the only reason for the observed differences 
in oral effectiveness of thcsc compounds. 

Since. in clinicvl practice. DS is usually adminis- 
tered for scvcral di1k.s or weeks. an cxpcrlmcnt was 
conducted to dctcrmmc if repeated :~dministration of 
DS could Icad to cumulative impairment of estrrase 
activity. Groups of malt rats were given either 0.1 
or 0.3 g’kp of DS by garage dailv for 12 days: the 
eflects of this trentmcnt on microsomal carboxylester- 
;ISC activity arc prescntcd in Fig. I Maximum inhibi- 

tion was seen after 7 days for both doses. indicating 
that cumulati~c impairment of microsomal esterascs 
beyond 7 days does not occur. 

Plas~lla carbos$ and cholincstcrasc activities were 
also determined in these cxpcrimcnts, but the results 
were not included in Fig. I. Neither cmyme was 

atTcctcd in the group given 0.1 g, kg of DS. but both 
\\ere significantly reduced to about 65 per cent of 
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Fig. I. Impairment of hcpatlc microsomal carboxylesterase 

activit) during daily disultiram administration. Malt rats 
were divided into three groups and received either 0.1 or 
0.4 g;lkg of DS suspension or 05”” carboxymethylcellulose 
vehicle by gavage. Animals were dosed daily: groups 
(N = 4) were sacrificed after selected intervals. Esterase 
activity is expressed as ilmoles IPA hydrolyzed.‘min/mg of 
microsomal protein (mean k S. E. M.). Control, vehicle 
only (--): 0.1 g./kg of DS (. .); 0.4 gikg of DS (---). 

An asterisk indicates different from control (P < 005). 

control levels after 2 days of administration of 
0.4 g/kg. Unexpectedly. both plasma carboxyl- and 
cholinesterase activities returned to control levels by 

2. Time course of esterase impairment after a single 

5. despite continued DS administration. 

dose of disulfiram (2,0g/kg). Male rats were starved 
overnight and received either DS suspension or O,S’,, CMC 
vehicle by gavage. At the indicated times. control and 
treated animals (N = 4) were sacrificed and esterase activi- 
ties were determined. Values are expressed as percentage 
of control activity for each measurement. Microsomal car- 
boxylcsterase (---): plasma carboxylesterasc (---); 
plasma cholinesterasc (. .). An asterisk indicates differ- 

ent from control (P < 0.05. 
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Fig. 3. Polyacrylamide disc gel clectrophoresis of hcpatic 
mlcrosomal estcrases. Gel I. control; gel 7. DS. 0.1 g!kg 
p.o.. for 12 days; gel 3. DS, 04 g.!kg p. 0.. for I2 days. 
Microsomes from each group of four animals were pooled 
and diluted to equal protein concentrations for 

electrophoresis. 

A similar dissociation between liver and plasma 
cstcrases was seen when esterasc activity ~ R’aS 
measured at selected intervals after a single dose of 
DS (Fig. 2). Maximal inhibition of plasma esterases 
occurred 8-24hr after DS, but recovery was rapid 
and activity returned to control levels by 4% 72 hr. 
III contrast. microsomal carboxylesterase impairment 
was maximal at 4X hr and activity was still below con- 
trol levels 168 hr after DS administration. Twelve 
days (288 hr) after DS administration, microsomal 
carboxylesterase activity had also returned to control 
levels (data not shown). 

The substrates used to measure “carboxylesterase” 
activity in the described assay procedure and on 
polyacrylamide gels (IPA and r-naphthylacetate re- 
spectively) are hydrolyzed by A- and B-esterases 
[19.21,32], both of which have been identified in rat 
liver homogenates 1231 and in hepatic microsomes 
1241. Previous studies have further demonstrated that 
microsomal A- and B-esterases can be separated and 
identified by electrophoresis and that A-csterases 
migrate more rapidly toward the anode during clcc- 
trophoresis 1241. Therefore. microsomal csterases 
were separated and quantitatcd by disc gel electro- 
phoresis to determine if DS pretreatment selectively 
impaired certain “isozymes,” since this distinction 

Frg. 3. Densitomctric tracings of polyacrqlamidc gels from 
Fig. 3. Row I shows division of the pattern into six major 
areas of activity designated peaks A through F. Row II 
represents the integrated area of each individual peak. ROU 
III IS the total integrated area of each scan. The origin 
is to the right of each tracing and the anode is to the 

lest. 

could not be made by simply measuring IPA hydro- 
lysis. 

The csterase zymograms of control microsomes and 
of microsomes isolated from DS-treated rats are prc- 
sented in Fig. 3. Daily DS administration (0.1 or 
0.4 gikg) resulted in greater impairment of the micro- 
somal esterases that migrated more rapidly toward 
the anode. The gels pictured in Fig. 3 were scanned 
as described in Methods and the resulting peaks wcrc 
divided into six major areas of activity designated 
peaks A through F (Fig. 4). Selective impairment of 
the csterases contained within peaks A-D was cvi- 
dent. since the percentage of control activity for these 
esterases was consistently lower than the correspond- 
ing percentage decreases in peaks E and F. Selective 
impairment of the esterases contained within peaks 
A-D was also observed 24 hr after single doses of 
DS or DDTC (?.Og;kg). 

Since esterascs are found in most rat tissues [23]. 
an experiment was carried out to determine if the 
activities of various extrahepatic esterascs were also 
decreased after DS or DDTC administration, The 
results of this study are summarized in Table 3. Con- 
sistent with previous results (Tables I and 2). carboxyl- 
cstcrasc activity in plasma and liver was significantly 
reduced 24 hr after DS ( 1.0 g,‘kg) administration. while 
this dose of DDTC had little effect, Carboxylesterasc 
activity in the heart and testis was unaffected by DS 
or DDTC, and activity in the kidney was slightly dc- 
creased by DS (not statistically significant). In con- 

Table 3. Tissue carboxylcstcrase activity * 24 hr after oral administration of DS or DDTC+ 

TI\\LIC 
t xpcr,mcnt*l 

group lJrc, PlllSllX, Kdnq HCXr1 I_U"$, Tc\t,\ 

Control 52.x2 * 202 0 6X 5 0 01 Wl?f IS5 I I17 i 0 15 -1 ,Y * 0'5 -I 7Y f ,/ i. 
DS 2X-X6 * 339$(55) 0 47 2 o-03: (hYl x91( f 2X&(76, I, Y7 i 0~09 ("I , 2 x2 * tmfl: (67, 4 1 I - 0 21 ,',,1, 
DDTC' 4x 55 * 344(9?1 066 r OOh ,Y7, 2Y 00 i t ,X,Yh, t II4 i 00x ,')'I 213 * ol4:(5x, -I 46 5 0 XI I', 1, 

* Atmoles IPA hydroly7ed,,‘min/g of tissue or ml of plasma. 
t After overnight starvation, male rats were given I.Og:kg (3.4m-molq’kg) of DS or I.Og:kg (4.4~moles/kg) of 

DDTC by gavage. Control animals received CMC vehicle only. Values arc the means of four animals r S. F. M. 
Numbers in parentheses are percentage of control. 

$ Difbrent from control (P < 091). 
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Table 4. Inhibition in uiti-o of microsomal and plasma carboxylesterases by DS. DDTC, carbon disulfide (CSz) and 
diethylamine (DEA)* 

* Plasma or nncrosomes from male rats (5 mg protcln;ml) were incubated at 37 for 20 min. either alone (controls) 
or in the txesencc of the indicated comnounds. Values arc the means of five animals + S. E. M. Data were unnlyzcd 
by a paired r-test. 

t Microsomes. iimoles IPA hydrolyzed:min!mg. 
: Plasma, nmoles IPA hydrolyzed~m~n~mg. 
# Different from control (P <: 001 I. 
11 Different from control (P <: 0%). 

trast, carboxylesterase activity in the lung was signifi- 
cantfy impaired 24 hr after either DS or DDTC 
admlmstration. In a separate experiment, neither ace- 
tylcholinest~rase nor carboxylesterase activity in the 
brain was altered 24 hr after oral DS (?Ogikg) 
administration (data not shown). 

In order to directly compare DS and DDTC as 
esterase inhibitors. carboxylesterase activity was 
measured in plasma and microsomes after incubation 
with thcsc compounds iu vitro. The acid decomposi- 
tion products of DDTC (CS, and diet~y~mine) were 
also tested iit zti~+o to evaluate the posslblIity that one 
of these compounds might contribute to esterase inhi- 
bition, since CS, has been shown to inhibit oxidative 
drug metabolism by hepatic microsomes [25]. The 
results of these experiments are summarized in Table 
4. Carboxylesterase activity of microsomes incubated 
with 0.1 or 0~5mM DS was decreased to 88 and 75 
per cent of control activity respectively. On the other 
hand, the same concentrations of DDTC had little 
effect. Moreover. 0.1 or 0.5 mM CS, or diethylamine 
(DEA), either alone or in combination. did not alter 
microsomal carboxylesterasr activity. Incubation of 
plasma with either 0.1 mM DS or DDTC significantly 
decreased plasma ~arboxylest~~se activity to 67 and 
44 per cent of control respectively. When 0.1 mM CSz 
or DEA was incubated with plasma, no alterations 
in plasma carboxylesterase activity were observed; 
however. a combination of 0.1 mM CS, and DEA 
decreased carboxylesterase activity to 73 per cent of 
control activity. 

The administration of DS in doses used in previous 
drug metabolism studies 15-7) produced a significant 
decrease in microsomal carboxylesterase and plasma 
carboxyl- and cholinesterase. Although the phvsio- 
logical role of esterases and the effect of inhih~tion 
of these enzyme are unclear [I 1. 121, our results sug- 
gest that disulfiram administration may alter the 
metabolism and activity of the more than 200 phar- 
macologically active esters which may be hydrolyzed 
by plasma and tissue esterases [ 131. Therefore. 
patients on disu~firam therapy or persons who are 
o~cup~~tionally exposed to analogs of disulfir~lm in 
mdustry or agriculture [26] may show exaggerated 
responses to pharmacologically active esters or to 
other environmental esterase inhibitors such as 
organophosphate insecticides. 

The extent to which hydrolysis of an ester or amide 
drug is impaired by DS treatment may depend on 
whether the drug is primarily hydrolyzed by plasma 
or rni~roso~~al esterases. Such conside~dtions must be 
made, since plasma esterases recover more rapidly 
than the microsomal enzymes (Fig. 2) and are less 
sensitive to impairment by daily DS administration. 
Since previous studies indicate that plasma esterases 
are derived in part from the liver [27,28], it does 
not appear likely that the return of plasma esterase 
activity to basal levels is due to synthesis of new 
enzyme. because microsomai esterase activity is still 
declining. A recovery of plasma esterase activity could 
occur, however, if membrane-bound esterases were 
released from microsomes into the plasma by the 
actions of DS. In this regard, Higashino it (11. [29] 
have demonstrated that i.p. administration of CCL, 
to mice results in a loss of hepatic microsomal ester- 
ase that leads to higher levels of esterase activity in 
hepatocyte cytosol and in plasma. Release of microso- 
ma1 esterase activity into plasma has also been 
demonstrated after exposure of rats to CCI, vapor 
1301. Although WC have no direct evidence that this 
is the case after DS administratioli. such a mechanism 
wor~lri explain the ex~erinient~ll o~~serv~~tions presented 
in Fig. 2. 

The return of plasma esterases to basal levels of 
activity could also reflect the disappearance of DS 
or an active metdbolite from plasma. However, this 
possibility seems less likely since the absorption of 
the poorly soluble DS from the gut would still be 
(~~~~lrring during the rise of serum esterase levels. 
Moreover. during continuous administration of DS, 
plasma cstcrascs had returned to control levels at 
times when microsomal carboxylesterase activity was 
depressed (Fig. I). 

Electrophoretic analysis of microsomal csterases 
revealed that the more rapidly migrating esterascs 
were impaired to the greatest extent by DS treatment 
(Figs. 3 and 4). It has been proposed that the microso- 
ma1 estcrases that migrate rapidly toward the anode 
are A-esterases. while the slowly migrating enzymes 
are B-esterases 1241. Although differences in the 
mechanism of catalysis between these two esterases 
are still not clear. it had been suggested that A-ester- 
ascs contain an -SH group in their active site while 
B-esterases do not 1311. Since it has been proposed 
that DS inhibits enzymes such as hexokinase 1321, 
aldehyde dehydrogenase [33,34] and o-amino acid 
oxidase [353 by interacting with essential enzyme 
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-SH groups, the selective impairment of the rapidly 
migrating microsnmal CS~L’I’;ISCS (A-&erases) by DS 
may be the rcxuIt of interactions between DS and 
acltve site thiol groups of these enqtnrs. The rcla- 
timely weaker inhibition of the B-cstcrascs h\ DS may 
result from intcnictions bctwccn DS and cnzymc 
-SW groups on ;I portion of the molrctrlc :tway from 
the acti\c site. 

Estcrases cuist in multiple Ihrnis not only in the 
liver but ;LISO in iI wick r:tngc of other tissues that 
have hccn studied [Z-1], Thcreforc. the overall impitir- 
mcnt of cstentsc activity in a given lissuc after DS 
~idministt-~ttioii ma! dcpcnd on the rcl;itivc pop&a- 
tions of .A- and 1%cstumses (or DS-sensitive vs DS-in- 
sensitive estera\cst in the tissue. The hctcrogcneit! of 
tissue estcrase populations ma! account for the fact 
that liver. lung and plasma estrrases wore significantl) 
impaired after DS adtninistration while heart. kidney 
and testi\ csterxxs WI-C not (Table 3). In addition. 
~tc~ttrn~t~~tti~~tl of DS or active tnel~~boiit~s in p:trticu- 
lar tissues could ;IISO contribute to fhc observed sari- 
ation in sensitivit! of tissue estcrases to DS. 

In the rat IX is rapidI!, reduced to the correspond- 
ing thiol. DIIT(.‘ [3]. Twenty-four hr after oral 
DDTC ~tdil7inistrativii. microsotnal and plast~x~ cRr- 
hoxylestcrasc actiYit! ~‘3s impaired hut onlj at rela- 
tivcly high doac~ (Table I ). Since oral ~tdIiliilistr~ttit~n 
of DDT(” IIXI~ result in d~~~iilposi~i~ii of il portion 
of the dose To C‘S2 and diothylumine (DEA) in the 
gut [4]. cslrrasc activity was also determined 24 hr 

after i.p. administration of DS and DDTC (Table 2). 
After i.p. ~ttimiilistt-atioii. US also itnpaircd esterase 
activity 1o ;I grc;ttcr cxtcnt I~~III DDTC. which tnay 
indicate that the prcscncc of DS in the disLtl~dc form 
is required for tna4ini~11 cstcrasc inhibition. 8s pro- 
posed Ibr DS inhibition of scvcral other enzymes 
132 351. Howcvcr. cvcn after i.p. administration of 
DS. absorption from the peritoneum is relatively 

slow. DDT<.‘ absorption is more rapid, and by 34 hr 
a significant portion of the administered dose may 
have already twcn c~~~l~~t~~~~ed tvith glucuronic acid 
or hw11 otherwise mctaholized or climinatcd 141, 
Therefore. dill&cnt rata of absorption. biotransfor- 
mation and excretion of DS and DDTC may contrih- 
utc to the ohscrved diffcrcnces in csterase impairment 
14 hr alicr administr;tticln. Moreover. i.p adtninis- 
tralion of IX products ;t scrofihrinous ~nfl~ttnm~ttory 
reaction. l\:hich may in some way ~(~Illribitt~ to 

cnkytic inhibition or to the r;tlc of recovery from 
the inhibition [5]. 

Comparisons hctwan DS and DDTC arc further 
complicated b! the f:tc~ that DDTC can bc reoxidized 
to DS bj cndogtmous cot~~pounds such as cyto- 
chrome c and tnctlietn[?~lobin [IQ. 341. Therefore, DS 
and DDTC’ ucrc il~ctt~ttcd with microsomes or 
plasma i/t rifro to compare their activity under oondi- 
tions whcrc metalmlic interconversions between the 
oxidirod and rcdttccd compounds w;ould not be 21 sig- 
niticant prohlcm (Table 4). In contrast to the impair- 
tnen t seen aftct- DS administrntion. incuhat ion of 
control microsome, with DS or DDTC resulted in 
only small decrcascs in cstclasc activity. However. 
d~tt-kg these incubations. impnirmcnt was consistently 
greater in the prescncc of DS than DDTC. These 
observations ma\ indicate that the disulfidc is 
rcqtttrcd for ni;t\~mum imp~tirment or. &2n:ttivcly. 

that the more lipid-soluhlc disulfde may enter the 
microsomal tncmbranc more easily than DDTC and 
thcrcfore have better access to the mcmhrane-bound 
csterascs. In this regard. it had been shown that ;I 
soluhilized microsomal amide-splitting enzyme was 
int~il~~tcd to ;I greater extent hq SKF-525A (l-dicthyl- 
~trnin(~etii~~ ‘,2-diphenylv;tlcnttc HC‘I) than the pa- 
ticuktto cnzymc from which it was derived [X]. Mot-c- 
over. incubation of plasma with either 0.1 mM DS 
or DDTC produced approxitnat+ SO per cent inhihi- 
tion of plasma carhowylcsterasc activity (Tahlc 4). The 
sitnilar aetitity of DS and DDTC as inhibitors iI1 

r.itra of plasma ~trh~~x~lester~ls~~ may he due to the 
fact that the plasma cnz>mes arc sol~thlc and thcre- 
fort oquafly nccessihlc to DS and DDTC‘. 

Although the studies i11 rir,o did not define the 
nature of the interaction bctwcen DS or DDTC and 
carboxylestentscs. they did dcmonstnttc that cstcrasc 
inhibition is not due to the metabolic products. C‘S, 
and ~lieth~~tnlil~~ (DEA). N&her of thcsc com- 
pounds. alone or in c~~rnbiil~ttion. had any effect on 
hepatic csterascs irr rifio (Table 4). Similarly. n&her 
CS, nor DEA alone inhihitcd plasma cat-box) lestcr- 
ascs. hut :I combination of the two reduced activity 
to 73 per cent of control. Howover. an cquitnolar con- 
centration of DDTC’ reduced activity to 44 per cent 
of control. which suggests that hrc~~kd~~~vli of DDTC 
to CS2 and DEA is not responsihlc for estcrasc inhibi- 
tion. WC have also found that oral administration of 
CS, (0.3 or 0.50 ml/kg) to male rats had no effect 
on plasma or tnicrosomal cstcrases (results not 
shown). further indicating that this metaholitc of DS 
and DDTC is not responsible for the ohscrved im- 
pairtncnt of cstcrasc activity. Iiihibitioii by the C‘S2 
DEA mixture may bc due to formation of DDTC 
when thcsc compounds are combined. Such an effect 
had been reported with the fungicide dimcthyldithio- 
carhamato (DMDTC). which decomposes to CS, and 
dimethylaminc. A combination ofCS2 and dimcthyht- 
mine was found to hc man\; times more toxic to 
spores of ~~,~~)~t~~~~~ ,~~t/~fj(,~~~~~ than tither c~~rnp~~LtIld 
alone. which implies that the hreitkdown of DMDTC 
may be rcversiblc undor appropriate conditions 
[XI]. 

An interaction hetwrcn DS and procaine (the estet 
of ]I-aminobcnzoic acid and diethvlamilioethano1) was 
observed when procaine I-i<‘1 (230 mg:kg. i.p.) ws 
given to control rats and to rats pretrevtcd 14 hr prc- 
viously with 7 g/kg of DS (unpublished obscr\otions). 
Although procaine produced convulsions in approxi- 
matcly 80 per cent of the rats in both groups. 60 
per cent of the control animals recovered while al1 
pretrcatcd animals died. These preliminary observa- 
tions suggest that DS does not alter the convulsive 
threshold to procaine but mny increase its toxicit) 
by impairing hydrol& of the compound ifr ritv~ 
Although procaine is hydrolyzed primarily by plasma 
csterases [I’]. the results reported hcrcin suggest that 
the hydrolysis of drugs by hepatic microsomal cster- 
ases may also he impaired by DS treatment. More- 
over. the degree of imp~tirtn~nt ma) depend upon 
which microsomal cstcrascs are responsible f& hy- 
drolysis of 21 specific substntle since clcctrophorettc 
data indicate that A-ssterascs appear to he particu- 
larly sensitive to LX inhibition. However. further 
studies are roquircd to serif! this hypothesis and to 
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identify the exact nature of the interactions between 17. M. A, Zemaitis. R. N. HIII and F-. E. Greene. Biochotr. 
DS and individual microsomal esterases. c;l,Uc,t. 12. 395 (1974). 
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