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Abstract---Male rats were given 0.1 or 0.4 g,‘kg of disulfiram (DS) daily by gavage for up to 12 days. 
in order to study the effects of chronic DS administration on hepatic microsomal drug metabolism. 
Administration of O.-l g/kg of DS resulted m significant impairment of anilme (ANL) hydroxylasc 
after I day. but 3 days of DS treatment were required for significant inhibition of ethylmorphine 
(EtM) metabohsm and depression of cytochrome P-450 levels. At this time. maximum impairment 
of ANL and EtM metabolism and maximum reduction of cytochrome P-450 levels were seen. Contmued 
administration of DS for IO additional days produced no further change in these parameters. ANL 
hydroxylase was also signihcantly reduced in treated animals throughout a 12-day period during which 
0.1 g/kg of DS was given. EtM .V-demethylase activity and cytochrome P-450 levels were also reduced 
in animals so treated. but not until DS had been given for at least 5 days. However. by the end 
of the 12-day experimental period. EtM metabolism and cytochrome P-450 levels had returned almost 
to control levels and only ANL hydroxylase was significantly different from control activity. Daily 
DS administration (0.4 g/kg) produced small but significant increases in microsomal cytochrome h, 
levels and in NADPH-cytochrome c reductase activity, whereas NADPH oxidase and NADPH-cyto- 
chrome P-450 reductase activities were significantly lower in treated rats. In addition to these effects 
in I~O, DS competitively inhibited EtM N-demethylase in virro and bound to cytochrome P-450, 
producing a type I difference spectrum, thus providing additional mechanisms to account for impair- 
ment in ciao of drug metabolism by DS 

Disulfiram (Antabuse. DS) has been used for over 20 
years in avoidance therapy [or certain patients with 
chronic alcoholism. This usage is based on the obser- 
vation that DS inhlbtts aldehyde dehydrogenase 
resulting in acetaldehyde accumulation upon inges- 
tion of ethanol [I]. This elevation in blood acetalde- 
hyde levels appears to be primarily responsible for 
the unpleasant symptoms of the so-called “Antabuse 
reaction” [I. 21. Since the early work with this com- 
pound. several other mechanisms for its effectiveness 
in alcoholism therapy have been proposed [3,4] and 
DS has been shown to inhibit other enzymes such 
as: dopamine /Ghydroxylase [5], hexokinase [6], gly- 
ceraldehyde 3-phosphate dehydrogenase [7] xanthine 
oxidase [S], and n-amino acid oxidase [9]. 

Of particular clinical significance are the observa- 
tions that DS administration to man prolongs the 
half-life of antipyrine [IO] and may result in toxic ac- 
cumulation of diphenylhydantoin and warfarin by in- 
hibiting the metabolism of these drugs by hepatic 
microsomal enzymes [I I. I?]. More recently. DS has 
been shown to inhibit rat hepatic microsomal and 
plasma esterases that are responsrble for hydrolysis 
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of many ester and amide drugs [ 131. Oxidative drug 
metabolism has also been studied in rat liver micro- 
somes after DS administration, but previous work has 
focused primarily on the acute effects of a single dose 
of the drug [14-161. Since DS is given in daily doses 
during therapy [or chronic alcoholism [ 171. the prcs- 
ent study was undertaken to more clearly define the 
effects of daily DS administratton on the metabolism 
;/I virro of drugs and on the various components of 
the microsomal enzyme systems in rat liver. 

MATERIALS AND METHODS 

Animals. Male Sprague-Dawley rats weighing 
180-200 g at the beginning of the dosing period were 
used in all studies. Animals had free access to Purina 
lab chow and water. The average weights for each 
group were not statistically different at the beginning 
of the dosing period or at any subsequent sacrifice 
time. Both control and treated rats ate normally; the 
average weight gain for the control animals was 7.8 
g/day, while rats receiving 0.1 or 0.4 g/kg of DS daily 
gained 8.6 g/day and 7.1 g/day respectively. 

Dosi~y. Disulfiram (Sigma Chemical Co.. St. Louis. 
MO.) was finely powdered with a mortar and pestle 
and was suspended in WY0 carboxymethyl-cellulose 
(CMC) solution. Rats were given DS (0. I or 0.4 g/kg) 
daily by gavage with a stainless steel feeding tube 
fitted to a j-cm3 disposable syringe. The conccn- 
tration of DS was adjusted in the solution so that 
the final volume given was 2-3 ml. Control animals 
received an equal volume of vehicle (0.5”,, CMC). 
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TI.SSIW pn po~rr~oi~ trd rr.r.str~x Alter wr1011s pcnods 

01 daily DS ndmlnistrution. groups ol control and 
treated anunals wcrc decapitated: their li\crs were 
removed and immediately homogenized in 2 vol. ol 
ice-cold Tris-KC1 buffer (0.02 M Tris-HCI. pH 
7.4 I. 15”,, KU). M~crosomnl s~~spcns~ons wc~-c prc- 

pared x prcvmuslq dcscrlhcd LI4]. The protcln con- 
tent 01 the mlcrosomcs \\;Is dotcrmined by the Biurct 
method [ IhJ. 

C!tochromc P-450 and cytochromc il contents ol 
the microsomal suspcns~ons ucre determlneci VI ith an 
Aminco Chance spcctrophotomctcr ;IS described lq 
Omura and Sale [19.20]. NADPH-cytochrome (’ 
reductase activity was estimated according to the 
method of Phillips and Langdon [?I] as modified by 
Ciigon el trl. [X]. NADPH osidase activity was esti- 
mated according to the method of Gillette rt (I/. [2-i] 
and NADPH-cytochrome P-450 reductase activity 
was determined as described by Gigon r’r (11. [Xl. A 
Gilford model 2400 spectrophotometer with a cell 
block maintained at 37 was used for these determina- 
tions. 

Drug mctabohsm W;IS dctermmed 111 ;I .J.(I-ml IIKII- 

hatlon mixture consisting OI 5 mM MgCl,. (I.-I.J mM 
\ADP. IO mM glucose h-phosphate. I .S cnrcmc units 
01 glucose h-phosphate dehqdrogcnasc. 50 mM 
Tris HCI bufTcr. 3 -I mg 01 mlcrosomal protcln. and 
approprlatc substrate at optimal conccn1ratlon. The 
ml\1urcs wcrc incuhaled III ;I thhnoll metabolic IIICII- 

bator at ;7 for ItI min (cthcl-morpliinc \ -dc’mcth- 
I;ISC assnk) or I! m111 (a111l1ne hkdt-o\ylasc XXI!) III 

an ;LI~ atmosphct-c. 
The .\ -demcth~latlon ot cth~hnorphlne (5.0 mM) 

bxi mcaaured in the dcscrlhed incubation mixture I~) 
the method of Nash [24]. which measures the amount 
of formaldehyde formed from the cleaved methyl 
group, The metabolism of aniline (1.0 mM) to 
p-aminophenol (pap) was measured by the method 
of lmai t’t (11. 1251 as modified by Chhabra et trl. [26]. 

Studie.\ in vitro. In the kinetic study, the k,, and 
I tor cthylmot-phone \ -deme:h~latlon in lhc prcs- 
r‘nce aud ~~hscncc 01 I)S wcrc ohtamed ;IS dcscrlhcd 
by thvies 1’1 trl. L37j. The binding 01 IX to c! to- 
chrome P-450 W;IS determined 111 an Am111co C‘hancc 
zl’cc(ropliotoiii~tcl. opWted Ill the spht lwllll 

mode LZ\], For thus stud). uashed mtcrosomcs wc‘r~ 

prcparcd bq ccntt-ifuging lhc orqnal mlcrohomal WS- 
ptz1is101i al 7h.000 $1 for 30 min and rcsuspciiding the 
pellet III fresh Tris tic.1 bulTc~- (2 mg protcnl~ml). 
Washed mlcrosomcs (.q ml) wcrc placed 111 each 01 
two matched cu\cttcs. and ;I lhuscl~nc was rccordcd 

lrom :+K) to 500 nm Mlcrolltcr addltlons 01 X) mM 
DS in ahsolut~ ethanol wcrc made to the sample 
cu\,ctte with ~cluul voIumc’x 01 ctliunol to tlic rclcruicc 

cuvettc. The absolute spcctl-a 01 DS III THIS KCI 
buflcr wcrc graphIcall! subtructcd Irom the diffcrencc 
spectra rccordcd III ~n~c~-osonm to correct for the 
ahsorhancc 01 the compound 111 the range 01 .%I(~ -!20 
11111. 

Srtrr~.\rks. Student’s I-test was used lo make com- 

parisons bctwccn the control and trcuted animals. 

The effect of daily administration of 0.4 g; kg of 
DS on the level of microsomal qtochrome P-450 and 

on the metabolism III vitro of cthylmorphmc (EtM I 
nnd aniline (ANL) IS SIIOWII III Fig. I. Treated animals 
hcrc g~vell tllc first dose 01 DS by gavage at i:Oc~ 
a.m. on day 0 and they received subsequent doses 
at the same time each day. Groups of control and 

created animals (TV = 4) wcrc ucriticcd 1-I III- ah 

the last dose of DS. Enzyme activities and cyto- 
chrome P-450 levels are presented as percentage of 
decrease; values (mean + S. E. M.) for the 20 control 
animals sacrificed during the experiment were: cyto- 
chrome P-450. 0.601 k 0.024 nmolejmg of protein: 
Etm I\‘-demethylase. IO.10 + 0.40 nmoles HCHO 
l’ormed’mg of protein.min; and ANL hydroxylase. 
0.45 i 0.07 nmole PAP formedimg of protein/min. 

,\z shoun in Fig. I. xltcr I day 01 DS admlmst- 
ratlon. no significant dlffercnces III cytochromc P-450 
Icvcls or EtM \ -demethylase activity were obscrvcd 
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Table I. Effect of daily disulfiram administration on heme components and oxido-reductase activity of rat libcr 
microsomes 

Parameter measured* 
.- 

Cytochrome P-450 
(nmoles/mg) 

Cytochrome h, 
(nmoles!mg) 

NADPH-cytochrome c reductase 
(nmoles cvtochrome c reductase~~l~~lllin) 

NADPH oxidase 
(nmoles NADPH oxidase/mg:mln 

NADPH cytochrome P-450 reductase 
(nmoles cytochrome P-450 reductaselmgjmin) 

Experimental 
group 

Control 
DS 

Control 
DS 

Control 
DS 

Control 
DS 

Control 
DS 

~I 

Days of DS administration 
(0.4 g/J!@ 

2 Days X Days 

0.546 I 0.015 0.645 i O.Ol 7 
0.343 f 0.23t 0.429 f 0.04ot 
0.288 * 0.014 0.166 * 0 0 I4 
0.337 * 0.015 0.402 + 0.0 I Y? 

X7.1 * 2.1 122.1 + 3.6 
9X.8 + 0.71 135.7 + 6.5 
21.2 & 0.4 12.7 + 0.5 
Y.5 & 0.4t 8.‘) f 0.5+ 
6.2 I 0.5 7.3 * 0.7 
3.Y * 0.3 4.0 * 0.31 

* Mean & S. E. M. 
* Different from control. P i 0.01. 

in microsomes isolated from control or treated aiii- 
mals. However. ANL hydroxylase activity was signifi- 
cantly inhibited by -33 per cent in the treated group. 
After 2 days 01’ DS treatment. cytochrome P--lit) 
levels as well as EtM and ANL met~~bolism were sig- 
nificantly reduced in treated rats. Moreover. sigmfi- 
cant impairment ol’all three paramctcrs was obscrkcd 
throughout the remamdcr 01 the 12.day study. 
Although EtM .\-dcmethylasc activity expressed pc~ 
mg of microsomal protein was sgnIficantiy inhibited 

iu treated animals from days ? through 11. when 
delnctl~~l~~sc activity was calculated in terms 01 cyto- 
chrome P--t%) coiltent. it was srgnificantly rcdtrced III 

treated rats only at the J-day detcrminatton 
(P < 0.05). In contrast. AKL hydro\vlase was :~pniti- 
cantly below control activity at all t;mc points when 
calculated 111 terms 01 microsomal protein or cyto- 
chrome P--l%) content. 

Impairmeilt of de~lethylase activity and cyto- 
throme P-450 levels was also observed during daily 
admlnistration C)I 0.1 g,‘kg 01 DS (Fig. 2); howcker. 
the reductions wcrc not statistically significant until 
after 5 days of treatment. Demethylasc activity and 
cytochrome P-150 levels were also lower in treated 
rats after X and I?. days, but the I?-day decreases 
were not statistically significant. On the other hand, 
ANL hydroxylase was significantly inhibited in 
treated animals at all times from 2 to 12 days. When 
metabolic activity was expressed in terms of cyto- 
chrome P-450 content, EtM N-demethylase activity 
was not significantly reduced by 0.1 g/kg of DS daily, 
white ANL hydroxyiase activity was sigll~ficantly 
below control values after 5 or I:! days of treatment. 

Table I summari7i’s the effect 01 daily DS (0.4 g/kg) 
adminIstratIon tor 2 or I\ days on mlcrosomal hemc 
components and o\ido-reductaso actlvlt). In contrast 
to the decrease in cytochrome P-J%) Icvcls produced 
by DS adnii,,,stIation. no significant changes 
occurred in cytochromc h. Ic\cls aitcr 1 days oi DS 
~~drn~~iistr~~t!oii~ after X days the cytochromc il. levels 
m treated rats wcrc actuallv Incrcascd by about 50 
per cent. Daily treatment with DS slightly Increased 
NADPH-cytochrome c Ireductasc activit! while It sag- 
nificantly dccrcascd NADPH o\ldasc and KADPH- 
cytochrome P--l?) rcductaw actn~tic's hy aplww- 

matcly ?S and -IO per cent rcspcctivcly. 

Durmg tbc studies summari/-ed 111 Fogs. I and 3. 
impairment 01 EtM .I-demethylase closely paralleled 
corresponding decreases in cytochromc P--l%) le\,els. 
Although Iowcr cytochromc P-iS0 ICY& l~obably 
account for the dccrcased EtM .\ -d~rnctllyl~~sc actI- 
vity iI1 microsomes isolated from DS-treated rats. 
other direct interactions between DS and the micro- 
somal mixed function oxidase system may also 
account for impaired metabolism in rick of drugs such 
as aminopyrine when administered after DS pretreat- 
ment [IS]. Since compounds administered to animals 
prior to isolation of hepatic tnicrosomes may be 
“washed out” during preparation of the microsomal 
suspension [29], EtM metabolism was also measured 
in pooled control microsomes in the presence and 
absence of added DS. Disulfiram was added to appro- 
priate incubations (as described in Materials and 
Methods) in 10 1-11 acetone; control incubations con- 
tained an equal amount of acetone. In order to evalu- 
ate changes in the kinetics of EtM N-demethylation, 
six concentrations of EtM from 0.1 to I.0 mM were 
employed. The results of this study are summarized 
in the Lineweaver-Burk plots [30.31] presented in 
Fig. 3. The addition of 1 x IO-' or 5 x lo-’ M US 
to control microsomes increased the K,,, for EtM 
\-dcnietli~I~~tiol~ b> about 171) and iso per cent. rc- 
spcctivcly. while the I lor the reaction was 01111 
shghtlv decreased (by IO and .Xl per cent respccti\~cIy). 
Thereiorc. lnhlbltion 10 rifro ol EtM metabolism bl 
DS appears to bc competltivo 111 nature with a11 III- 
hlbitor constant (h,) of approximately I.2 x IO . M 
calculated according to the formula h = h,,, LiJ: 

k,,,’ - A,,,. w&c h,,, rcprcscnts the M~iiocl~s con- 
stant in the absence ot inhibitor and h,,,' rsprcscnts 
the apparent MIchaelis constant 111 the prcscncc 01 
DS at a given concentration 111 [.:(I. 3 I], 

Since the first step in o\idatlvc metabolism 01 
lbreign compounds h\ hcpatic microsomal cnrymes 
appears to bc the binding ot substrate to rcrrlc cyto- 
chrome P-J?ill [.Xx]. the espcrimcnt stimmari,cd m 
Fig. i was carried out. Disulfiram. hkc fStM. binds 
to cytochrome P--l50 producmg a t)pc I spectrum. 
and may thcrrforc Inhibit EtM metabohsm by com- 
peting with the substrate for binding sites on clto- 
chrome P--150. The aitiuity constant (k,) and ma\& 
mum spectral shift (12 ) hctwccn 3%) nm (peak) and 
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I/CEtMl , mM 

Fig. 3. Effect of DS on the kinetics of Etm metabolism 
;,I vitro. Key: (a) control; (b) I x IO ’ M DS; and (c) 
5 x IV M DS. The I<,, (mM) and I;,, (nmoles 
HCHO!mg of protein,/min) were calculated by means 01 
a computer program [32]. These values (K,, + S.E.M.; 
V,,, + S.E.M.) under the described incubation conditions 
were: (a) 0.29 + O.OljlO.99 + 0.14; (b) 0.49 f 0.01/9.88 + 

0.13; and (c) 1.69 f 0.08/7.33 k 0.25. 

423 nm (trough) for DS were calculated for micro- 
somes prepared from five male rats. These values 
(mean & S. E. M.) were: K, (M x 105) = 1.17 + 0.19 
and AA ,,,,,, (A,,,. 423 / ,,,, /mg protein) = 0.028 k 0.004. 

Since DS is reduced to the corresponding thiol, 
diethyldithiocarbamate (DDTC), upon administration 
in vioo to the rat 141, studies in citro were also carried 
out with this metabolite. Unlike DS, DDTC produced 
no detectable binding spectrum when the compound 
was added to control microsomes or to microsomes 
prepared from phenobarbital-treated rats. However, 
DDTC was found to competitively inhibit micro- 
somal EtM N-demethylation, but it was considerably 
less potent than equimolar concentrations of DS; the 
K, for DDTC was calculated to be 1.8 x 10m4 M, 

Wavelength, nm 

Fig. 4. Difference spectra obtained upon the addition of 
DS to liver microsomcs. Microllter additions of 30 mM 
DS in ethanol were made to microsomes from a control 
male rat containing 0.733 nmole cytochrome P-450jmg of 
protein. and difference spectra were recorded. The final 
DS concentrations were: (A) 2 x 10~~ M: (B) 4 x IOY 

M: and (C) 8 x IOYi M. 

an order ol’ magnitude greater than the li, fbr DS 
(I.3 x IO ’ MI. 

I)IS(‘I SSIOR, 

These studies clcarlk demonstrate that repeated 
administration of DS to rats results in prolonged im- 
pairment of microsomal drug metabolism. Prolonged 
impairment of drug o\ldation during chronic DS 
treatmrnt is in contrast to results obtained with 
several othcl “inhibitors” of drug metabolism. Fol 
example. daily administration of SKF-525A (2-diethyl- 
aminoethyl 2.2-diphenyl-valerate HCl) for 5 days pro- 
duced initial inhibition followed by induction of drug 
oxidation [34]. Moreover. in a study of several other 
inhibitors, Kato c’/ (I/. [35] found that DEPA(2,4- 
dichloro-6-phenyl-phenoxyethylamine). Lilly 18947 
(2,4-dichloro-h-phenyl-phenoxyethyl-il’-N-diethyl- 
amine HBr) and CTF 1201 (diethylaminoethylphenyl- 
dialiyl acetate) inhibited microsomal drug oxidation 
shortly after administration but induced drug meta- 
bolism 4X hr after pretreatment. No such biphasic 
pattern was observed during chronic DS adminis- 
tration (Figs. 1 and 2) or from 4 to 168 hr after a 
single oral dose of 1.0 or 2.0 g,‘kg (data not shown). 

Data presented in Figs. I and 2 Aso indicate that 
the rate of onset. marlmum effect and persistence 01 
impairment of drug mctabollsm by DS arc different 
during administration of the high (0.4 gjkg) or low 
0.1 g/kg) dose of the compound. After 0.1 g/kg. mari- 
mum effects were achieved after two daily doses and 
persisted without significant change throughout the 
experimental period. In contrast. the maximum effects 
produced by 0.1 g kg of DS were not seen until 5 
days of treatment and both EtM ,\‘-dcmethylatlon 
and cqtochrome P-l50 levels had returned to nca~ 
control levels by da\ 12. dcspitc continued DS treat- 
ment. These data suggest that administration of IOM 
therapeutic doses 01‘ DS to man may result in rcla- 
tivrly small effects on drug metabolism during 
chronic thcrapq. 

When EtM II’-dcmeth!lase activit) during daily DS 
treatment was calculated 111 terms of cytochrome 
P-350 lcbels. acti\3it! 111 treated animals was signifi- 
cantly below control activity in only one cast (O.-l 
g,‘kg of DS Ibr 2 days). In contrast. ANL hydroxylase 
was generally lower in treated rats even when activity 
was calculated in terms of microsomal cytochrome 
P-450 content. Thcrcforc. mipanment 01‘ EtM mcta- 
holism appears to bc due primarily to dcprcssion 01 
cytochrome P-450. at least alter -IS hr. while ad- 
ditional factors are involved 111 impairmsnt of ANL 
metabolism. The exact nature of the interactions re- 
sponsiblc for the more “solcctibe impairment” of Al\jL 
hydroxylase arc not known. However. it should bc 
emphasised that the metabolism of a type II com- 
pound such as amlinc is often affected diffcrentlq from 

that of type I compounds alter exposure 01‘ an animal 

to chemicals such ;IS polycqclic hydrocarbons [36] 
and urethane [~37]. Morcovcr. since microsomcs pre- 
pared from DS-prctrcated rats metaboli,c ANL at a 
reduced rate in the absence of overt changes in cyto- 
chromr P-450 levels. the Interaction could involve 
covalent binding of DS or a metabolite to a micro- 
somal component essential for ANL hydroxylation or 
may represent a “permanent inactivation” of this 
component. 
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III addition to the depression of cytochrome P-450 
Icvcls produced hy DS administration. studies irk rirro 

indicate that DS ma) also impair drug metabolism 
by competing with the drug substrate for hepatic mic- 
rosomal cnrymcs. DS was shown to bind to cyto- 
chrome P-450 producing a type I spectrum (Fig. 3). 
Therefore. It appears that the two type I compounds. 
DS and EtM. compete for the same binding site on 

cytochrome P-450. since DS competitively inhibits 
EtM N-demethylation (Fig. 3). Moreover, results ir7 

ritro indicate that the reduced metabolite of DS. 
diethyldithiocarbamate. is a comparatively weak in- 
hibitor of EtM metabolism and does not bind to cyto- 
chrome P-450 as does the oxidized disulfide. 

Although daily DS administration depresses micro- 
somal cytochrome P-450 levels, it increases or does 
not alter cytochrome h, content (Table I). These 
results are consistent with the observations of Stripp 
(11 trl. [I41 who found that. 24 hr after a single dose 
of DS (200 mg/kg, i.p.). there was a significant de- 
crease in cytochrome P-450 and no change in cyto- 
chrome hS Icvels in microsomes isolated from treated 
rats. Although the actual mechanism by which DS 
lowers cytochrome P-450 levels is not known, the 
above observations indicate that the mechanism does 
not involve a generalired heme destruction or impair- 
ment of heme synthesis in the liver. 

Since cytochrome c reduction was catalyzed equally 
well by microsomes from control or DS-treated rats 
(Table I ). chronic DS administration apparently had 
no direct effect on NADPH-cytochrome c reductase 
of rat liver microsomes. However, microsomal reduc- 
tase activity measured with cytochrome P-450 as the 
terminal electron acceptor (NADPH-cytochrome 
P-450 reductase) was significantly decreased by 37 or 
45 per cent after 2 or 8 days of treatment (Table 1). 
Since NADPH-cytochrome c reductase and NADPH- 
cytochrome P-450 reductase are now assumed to be 
the same enzyme 1381. apparent differences depend on 
the substrate used to assay its activity. Cytochrome 
c is added to microsomes at approximately 10 times 
its K,, concentration 1391 and. therefore. the reaction 
proceeds at maximum velocity. However, in the 
NADPH-cytochrome P-450 reductase assay, the sub- 
strate concentration is determined by the level of 
cytochrome P-450 in the microsomal membrane and 
cannot be varied as can cytochrome c. Although the 
K,,, for cytochrome P-450 in the reaction is unknown, 
if the cytochrome P-450 content of control or treated 
microsomes is near the K,, lower levels in micro- 
somes from DS-treated animals hould be expected 
to result in proportionally lower NADPH-cytoch- 
rome P-450 reductase activity. Such appears to be 
the case since after 2 or 8 days of DS treatment, de- 
creases in NADPH-cytochrome P-450 reductase acti- 
vity roughly paralleled decreases in microsomal cyto- 
chrome P-450 levels. Therefore. chronic DS administ- 
ration does not appear to decrease the level of micro- 
somal Havoprotein reductase, but does decrease the 
rate at which cytochrome P-450 is reduced, presum- 
ably by depressing microsomal cytochrome P-450 
content. 

Since several investigators demonstrated that alter- 
ations in the fatty acid (FA) content of the microso- 
mal membrane can affect drug oxidation [40,41], 
microsomal FA content was determined by gas-liquid 

chromatography during chronic DS administratlon 
(data not shown). The total FA content of micro- 
somes isolated from DS-treated rats was slightly 
lower than control animals (by approximately 10 30 
per cent). However. the slight decrease in total FA 
content was not due to loss of a particular class 01’ 
FA. since each FA measured (16:O. l8:O. IX: 1. IS:?. 
20:1. 27:6) was decreased in treated animals to ;~p- 

prohimatelq the same extent. Thcrcforc. signilicant 
alterations in the content or relative distribution 01 
microsomal fatty acids apparently do not contribute 
to the observed impairment of microsomal drug 
metabolism by DS. 

Recent studies in man suggest that dail) adminlst- 
ration of DS results in a relatively constant degree 
of impairment in drug metabolism. For e\amplc. the 
prolongation of the half-life of antipyrine in persons 
receiving DS (7 mg/kg) for 4 days was practically 
identical to that observed after 10 days of treat- 
ment [lo]. Moreover, a similar inhibition of warfarin 
hydroxylation has also been reported in normal 
volunteers given 250 or 500 mg of DS dally from 
3 to 2 I days [32]. These observations in man and 
our observations in rats given 0.4 g;kg of DS dail! 
indicate that. durmg chronic therapy with relativclq 
high doses of DS. a prolonged impairment of drug 
oxidation occurs. Therefore. the dose of other drugs 
given concurrently with commonly used doses of DS 
(?5%500 mg;day) must be closely evaluated. On the 
other hand. results obtained after admlnistration 01 
0.1 g/kg of DS daily to the rat indicate that at Iowc~ 

doses the impairment of drug oxidation h> DS ir not 
cumulative with continuing therapy; in fact. microso- 
mal enzyme activity may return to near control levels 
after several days of continued DS administration. 
Since administration of relatively low doses of DS 
to the rat results m only transitory impairment 01 
hepatic microsomal enrymes. it would he of intcrcst 
to determine the effect of low daily doses of DS on 
drug biotransformation in man. If such studies 

revealed that low doses of DS did not produce cumu- 
lative impairment of drug metabolism in man. thcsc 
data would be valuable in treating the alcoholic 
patient with DS while minimizing adverse drug rcac- 
tions resulting from impaired bio-tr~unsforniatisn of 
drugs given concurrently with DS. 
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