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Abstract--Drug-metabolizing enzyme activities and protein content of hepatic microsomal preparations 
from adult SpragueeDawley rats were examined at 3, 6, IO and 14 days after intravenous, subcutaneous 
and intradermal administration of two different strains of Bacillus Calmette-GuCrin (BCG). Pasteur 
liquid strain BCG, injected intravenously at 6 x IO8 organisms,/m ’ in normal saline, caused 20-45 
per cent reduction of aniline hydroxylase (AH) and 5-(3,3-dimethyl-l-triazeno)imidazole-4-carboxamide 
demethylase (DICD) activities and the cytochrome P-450 content of microsomes from female rats 
but only lo-25 per cent decrease in these parameters in males. Microsomal protein content was de- 
creased 3c-40 per cent in both sexes on days i&14. Admmistration of BCG by the subcutaneous 
route caused only 5-25 per cent impairment of AH and DICD activities in female rats. while intradermal 
administration of the adjuvant was without discernible effect on the rat hepatic microsomal drug-meta- 
bolizing system. The duration of pentobarbital-induced narcosis was increased up to 70 per cent in 
both male and female rats after intravenous administration of BCG. Tice strain lyophilized BCG 
at the same dose elicited similar hut lesser effects. BCG added irt vitro had no effect on AH and 
DICD activities. Livers of rats treated intravenously contained numerous granulatomous lesions 
throughout the parenchyma: the damage was variable and less severe in the subcutaneously treated 
animals. Intradermally treated rats showed normal liver histology. 

Nonspecific augmentation of host immunity with bac- 
terial adjuvants has yielded encouraging therapeutic 
response in a number of experimental and human 
neoplasias [l], Since immunotherapy is generally 
considered to be maximally effective for the eradica- 
tion of low tumor burdens, the antigenic stimulant 
is usually administered subsequent to, or concomitant 
with, conventional cytoreductive therapy. The most 
extensively investigated immunoadjuvant is Bacillus 
Calmette-Gukrin (BCG) a strain of Mphcterium 
bouis. In current experimental clinical studies, BCG 
is often used as an adjunct to chemotherapy. Gutter- 
man et al. [2] have demonstrated that the addition 
of BCG to 5-(3,3-dimethyl-1-triazeno)imidazole-4-car- 
boxamide (DIC) significantly prolongs remission 
duration and survival of patients with metastatic 
malignant melanoma. The same investigators have 
shown [3] that BCG increases the duration of chemo- 
therapy-maintained complete remissions in adults 
with acute myelogenous leukemia. These and other 
[b-7] promising results indicate that immunotherapy 
added to chemotherapy has an important role in the 
management of disseminated malignancies. 

Toxic manifestations of BCG therapy depend on 
the route and the frequency of administration. A high 
incidence of hepatic dysfunction has been reported 
[8-lo] in patients with melanoma treated by intra- 
lesional BCG. Similar side-effects have been docu- 
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mented [lo] in patients after intradermal administ- 
ration of the adjuvant. It has been suggested [IO] 
that the overall incidence of hepatic dysfunction in 
BCG-treated patients may be much higher than 
recognized, since granulatomatous lesions are usually 
not apparent by serological tests or by routine clinical 
evaluation. Alteration in hepatic function assumes 
paramount significance in patients receiving chemo- 
therapy because the biological properties of many 
drugs are greatly modified by hepatic enzymes. The 
NADPH-dependent mixed-function oxidase system 
located in the endoplasmic reticulum plays a major 
role in the metabolism of several clinically important 
antitumor agents including cyclophosphamide [ll], 
DIC [12], procarbazine [13], 1,3-bis(2-chloroethyl)-l- 
nitrosourea (BCNU) [14], 1-(2-chloroethyl)-3-cyclo- 
hexyl-I-nitrosourea [14,15] (CCNU), mercaptopurine 
[16], nitrogen mustard [17] and, probably, adriamy- 
cin.t Adjuvant-induced changes in mixed-function 
oxidase activity can affect the rate of metabolism of 
such drugs and, conceivably, alter their duration of 
action and toxicity. We have, therefore, examined the 
influence of BCG treatment on the activity of hepatic 
drug-metabolizing enzymes in the rat. We now report 
on the effects of two different strains of BCG, 
administered subcutaneously (s.c.), intravenously (i.v.) 
or intradermally (i.d.) on the activities of the mixed- 
function oxidase system. A preliminary account of 
this work has appeared [18]. 

MATERIALS AND METHODS 

In the present study, aniline and DIC were used 
as model substrates for drug metabolism in aitro. The 
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former compound undergoes ring-hydroxylation to 
give p-aminophenol, while the latter compound un- 
dergoes [12] oxidative N-demethylation to yield for- 
maldehyde. 4-aminoimidazole-5-carboxamide and 
other products. Cytochrome P-450. the central com- 
poncnt of the electron-trainsport chain rcsponsiblc fat 
drug metabolism. was also monitored. 

ChrrniccJs. The following drugs and reagent grade 
chemicals were used: NaDP sodium salt (Sigma). glu- 
cose 6-phosphate disodium salt (Sigma), glucose 
h-phosphatedehydrogenase(Sigma). aniline (Eastman). 
semicarbazide hydrochloride (Fisher). sodium dith- 
ionite (Fisher), ethylenediamine tetraacetic acid 
(EDTA) (Mallinckrodt), phenobarbital sodium (Mal- 
linckrodt). and pentobarbital sodium (Baker). DIC 
was provided by the Drug Development Branch of 
the Cancer Chemotherapy National Services Center. 
National Cancer Institute. DIC-dimethyl[’ “C] 
(I 5.25 mCi.m-mole) was synthcsizcd in 72 per cent 
yield from 5-diazoimidazole-4-carboxamide and 
dimethylamine[‘“C] [prepared from dimethyla- 
mine[14C] hydrochloride (15.25 mCi!m-mole: New 
England Nuclear)] by the method of Shealy ef rrl. 
[IV]. The chemical purity of the D1C-dimethyl[‘4C] 
was established by spectrophotometric. chemical and 
chromatographic methods. The radiochemical purity, 
determined chromatographically in three different sol- 
vent systems, was greater than 99 per cent. It was 
stored as a solid in the dark at -20 

.hinds. Adult male and female Sprague Dawley 
rats (Sprague- Dawley Laboratories. Madison. Wis.) 
weighing 200~25Og at the start of the experiments 
were used. They were housed in metal cages in groups 
of four over hardwood bedding in an air-conditioned 
room (21-23 ) with alternate periods of 12 hr light 
and 12 hr dark. Purina Lab Chow and water were 
provided freely. Both treated and control animals 
were weighed at the time of injection and daily there- 
after. 

BCG. Two strains of BCG were used: a liquid 
strain obtained from the Pasteur Institute, Paris. and 
a lyophilized strain (Tice) obtained from the Chicago 
Research Foundation, Chicago, 111. Both preparations 
were suspended in physiologic saline and adminis- 
tered to rats as a single dose of 6 x 10’ viable 
organisms/m’ in a volume of 0.2 ml either i.v. into 
the tail vein. or S.C. or i.d. in the right axillary area. 
The BCG dosage approximates [?O] that adminis- 
tered [2] to man by scarification in the immunother- 
apy of malignant melanoma. Control rats were 
treated with sterile physiologic saline. since it was 
found that administration of the culture media alone 
at dosages equivalent to those administered with the 
BCG had no effect on any of the parameters 
measured in this study. The composition of the cul- 
ture media/O.2 ml of BCG suspension was as follows: 
(1) Pasteur BCG: dipotassium hydrogen phosphate, 
IO pg; asparagine. 5 /lg; citric acid 1.25 /lg; magne- 
sium sulfate. 1.25 pg: ammonium ferric citrate. 
0.125l~g; and glycerol. 0.15/d; and (2) Tice BCG: 
dipotassium hydrogen phosphate. 3.125 pg: aspara- 
gine. 35 {cg: citric acid, 12.5 pg; magnesium sulfate, 
3.125 /Ig; ammonium ferric citrate, 0.375 /lg: glycerol, 
0.375 itI; and lactose. 3.75 /Lg. At 3-. 6-, 1%. and 
14-day intervals after adjuvant administration. four 
experimental rats together with their respective con- 

trols were killed by decapitation and cxsanguinatcd 
for IO sec. The activity of the hepatic drug-metaboli/- 
ing enzymes was assayed as described below. 

Prepurrrtion of~micro.sor,~c,.s. A 25”,, li\er homogenate 
in 0.1 M potassium phosphate buffer. pH 7.3. was cen- 
trifuged at 10.000 9 for 70 min at 4 The supernatant 
fraction was aspirated and centrifuged at 105.000 6, 
for 60 min at 4 The microsomal pellet was washed 
by resuspension in ice-cold l.15”,, KCI IO mM EDTA 
followed by resedimentation at 105.000~/ for 30 min. 
The final pellet was reconstituted in 0.1 M potassium 
phosphate buffer. pH 7.4. such that each ml of suspcn- 
sion contained microsomrs from 250 mg wet \\ t of 
liver (approximately 5 IO mg of microsomal pry>- 
tein/ml). 

Microsomal protein content was determined by the 
method of Lowry 41 trl. [?I] using crystalline hovine 
serum albumin as the reference standard. 

ilni/inc/ h~rlrox!V~r (.4H) ~t,sstr~. Each incubation 
mixture consisted of 5 jtmoles aniline. 2 /moles 
NADP. 35/imoles glucose 6-phosphate. 3.5 units of 
glucose h-phosphate dehydrogenase. 25 Imoles mag- 
nesium chloride and I .O ml of microsomal suspcnslon 
in II total \,olume of 5.0 ml buffered at pH 7.4 with 
0. I M potassium phosphate. Reaction \+as initiated I>> 
the addition of microsomcs. Incubations. conducted 
in triplicate, were carried out for 20 min at .37 in 
open-ncckcd 25-m] Erlcnmqcr Itasks in ;I D~~hnolt 
shaker (I 20 oscillations,‘min). Reaction \\;I\ ter- 
minated bv the addition of 2 ml of X”,, trichlnroncctic 
acid. PrccLpitated protein was rcmo\cd ih! ccntrifuga- 
tion. and aliquots of the clear supcrnatant \\crc 
assayed spcctrophotoliictricn114 for I’-~uninc,phcnol 
according to the method of Kato and Gillcttc [ 231. 

~-(_7.~-Dir~~c~tl~~/-/-t~ictrc~~~o)i,llidtr_olc-3-c.~~~~~~~~~r~i1rrlr~ 

r/c,,,~c,th!~ltr.sc, (KID) uxw~~. The method is ;I mod~fica- 
tion of the procedure of Mizuno and Humphrq [z-i]. 
The incubation mixture consisted of I ..i ~cmolcs DIG- 
dimethyl[ 14C] (5 /ICY. 6.67 mCi :m-mole). 0.24 /mole 
NADP, 3 jtmoles glucose h-phosphate. 0.4 units of 
glucose 6-phosphate dehydrogenase. 3 /moles magnc- 
sium chloride. 5 pmoles scmicarbazide hydrochloride 
and 0.2 ml of microsomal s&pension in a total 
volume of 0.6 ml buffered at pH 7.4 with 0.1 M potas- 
sium phosphate. Incubations were conducted in tripli- 
cate in 10.0-m] Erlenmeycr Rasks protected from light. 
Reaction was initiated by the addition of microsomes 
and allowed to proceed for 30 min at 37 Undel 
these conditions. the production of formaldehyde was 
linear with protein concentration and time. Reaction 
was terminated by the addition of 0.2 ml of IS”,, 
ZnSO,.7 H,O followed by 0.2 ml of saturated 
Ba(OH),,8 H,O. After standing for 5 min. the precipi- 
tated protein and BaSO, w’crc removed by centrifuga- 
tion at 10,OOOg for IO min. Aliquots (0.5 ml) of the 
clear supernatant were transferred to lo-ml test tubes 
fitted with Teflon-lined screw-caps: 0.5 1111 of O.Oi”,, 

formaldehyde solution MLIS added followed h! I .O ml 
of 0.15” (, 2.4-dinitrophenylhydrazinc in I N HCI. The 
tubes were heated at 85 YO for 3 min and then 
cooled to room temperature for 30 min. Benrcnc 
(2.0ml) was added and the mixture was agitated on 
a vortex shaker for 20 sec. After a brief ccntrifugatlon 
at 20009 for 5 min to separate the phases. the ben- 
zene layer was aspirated and washed with 2.0 ml 01 
0.05 N HCI. The benzene layer was again separated 
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by centrifugation, and aliquots (0.2 ml) were trans- 
ferred to counting vials. PCS scintillator (Amershami 
Searle Corp.) (11.0 ml) was added and the solutions 
were counted in triplicate. The counting efficiency was 
70-72 per cent; quenching was corrected with auto- 
matic external standards. The radioactivity contained 
in the benzene extracts was shown by thin-layer chro- 
matography to be entirely associated with formalde- 
hyde-2,4-dinitrophenylhydrazone. Recovery of liber- 
ated formaldehyde was 91 per cent as determined by 
adding known amounts of [‘4C]formaldehyde to in- 
cubation mixtures containing nonradioactive DIC 
and repeating the above procedure. Enzyme activities 
were calculated on the assumption that only one of 
the methyl groups of DIC was converted into formal- 
dehyde. 

Cytochrome P-450. The cytochrome P-450 content 
of microsomes was determined by the dithionite-dif- 
ference method of Omura and Sato [24]. The molar 
extinction coefficient of the reduced P-45&CO com- 
plex was taken as 91 cm-’ mM- ‘. 

Sleeping rimes. Sodium pentobarbital, 0.35”; in phy- 
siologic saline, was administered i.p. at a dose of 
35 mg/kg to male rats and 30 mg/kg to female rats. 
Sleeping time was defined as the time between the 
loss and the recovery of the righting reflex. 

All experiments were repeated at least twice to 
document the reliability and reproducibility of the 
data. Control values were determined at each time 
interval. Experimental and control groups were eva- 
luated by Student’s r-test. 

HisrologJ. Freshly excised livers were sliced and 
immediately fixed in IO”,, formalin. Sections were cut 
from paraffin-embedded blocks and stained with 

AH 
a 

I 

hematoxylin-eosin and methyl green-pyronine. Ziehl- 
Neelsen staining was used to test for acid-fast 
organisms. Tissue sections were examined under a 
light microscope. 

RESULTS 

The effect of iv. administration of Pasteur strain 
BCG on the activities of AH, DICD, and on the cyto- 
chrome P-450 content of hepatic microsomes from 
male and female rats over 14 days is shown in Fig. 
1 

Compared to controls, the AH activity/mg of mic- 
rosomal protein in male rats was marginally reduced 
over the observation period (Fig. la). solid line). inhi- 
bition being significant only on day 3. BY compari- 
son. the AH activity in female rats was significantly 
reduced at all time intervals after BCG administration 
(Fig. Id). The variation in DICD activity over the 
same time period (Fig. 1, panels b and e) was closely 
similar to that of AH in either sex. The cytochrome 
P-450 content of microsomes (Fig. 1, panels c and 
f), however, did not correlate closely with AH and 
DICD activities in either males or females. A clear 
sex difference was nevertheless apparent, P-450 levels 
being significantly depressed in males only on day 
10, but in females on days 6, 10 and 14. 

Expressed g wet weight of liver (Fig. I, broken 
lines) rather than mg of microsomal protein, all three 
parameters were reduced to a greater extent in both 
sexes at all times after BCG treatment. The difference 
is due to decreased microsomal protein in the treated 
groups (Table I). a consequence primarily of 
BCG-induced hepatomegaly. Over the duration of the 
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Fig. I. Aniline hydroxylase (AH) and DIC demethylase (DICD) activities, and cytochromc P-450 con- 
tent per mg of microsomal protein, per G wet wt equivalent of liver and per whole equivalent in 
male and female SpragueeDawley rats after an i.v. injection of Pasteur liquid strain BCG (6 x IO* 
organisms/m’). Key: (+) per mg of microsomal protein: (-- -) per g wet wt equivalent of liver; and 
(....) per whole liver equivalent. Results are expressed as a percentage of control. Each point represents 
the mean value of observations from four rats. Average control values of AH (nmoles p-aminophenollmg 
of protein,imin). DICD (nmoles formaldehyde.mg of proteinimin) and P-450 (nmoles cytochrome 
P-450/mg of protein)/mg of microsomal. per g wet wt equivalent of liver. and per whole liver equivalent 
are ai follow\. (Males)AH: 0.76 f 0.02.’ 13.41 & 0.24. i44.3 f 5.5: DICD: 0.167 + 0.008. 3.02 k 0.15. 
31.7 + 1.5; P-450: 0.97 Ifr 0.02, 17.1 i 0.4, 184.4 f 8.1. (Females) AH: 0.67 f 0.02, 13.74 + 0.55, 
94.3 + 2.7: DICD: 0.161 f 0.009. 3.25 + 0.20. 22.7 k 1.3; P-450: 0.6X f 0.02. 13.9 * 0.4, 95.9 f 3.1. 
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Fig. 2. Aniline hydroxylase (AH) and DIG demethylase (DICD) activities. and cytochrome P-450 con- 
tent per mg of microsomal protein. per g wet wt equivalent of liver and per whole liver cqurvalent 
in male and female SpragueDawley rats after an iv. injection of Tice-lyophilized BCG (6 x IO* 
organisms/m’). Key: (-&) per mg of microsomal protein: (---) per g wet wt equivalent of liver; and 
(.“,) per whole liver equivalent. Results are expressed as a percentage of control. Each point represents 
the mean value of observations from four rats. Average control values of AH (nmoles p-aminophenol!‘mg 
of proteinimin). DICD (nmoles formaldehydeimg of protein/mm) and P-450 (nmoles cytochrome 
P-450/mg of protein) per mg of microsomal. per g wet wt equivalent of liver. and per whole liver 
equivalent. respectively, are as follows. (Males) AH: 0.73 + 0.03. 13.53 f 0.57. 142.1 5 5.9: DICD: 
0.192 i 0.012. 3.56 k 0.23, 37.4 i 2.4: P-450: 1.09 k 0.04. 20.20 + 0.74. 212 i_ 10.4. (Females) AH: 
0.74 _t 0.03. 13.33 + 0.53. 113.8 ) 4.6; DICD: 0.180 i 0.019, 3.22 i 0.32. 27.5 + 3.1: P-450: 

0.91 i 0.05. 16.39 i 0.90. 139.9 + 7.7. 

experiment, the liver weight body weight ratio in- 
creased to 126 per cent of control values in male rats 
and to 168 per cent of control values in female rats 
(Table 1); no difference was apparent in the rate of 
body weight gain between the control and the treated 
groups during this period (Table 1). Since the increase 
in liver weight was not matched by a corresponding 
increase in total hepatic microsomal protein, the con- 
tent of microsomal protein unit wet weight of liver 
was reduced in the treated groups (Table 1). Despite 
the greater relative liver weight gain in females, the 
per cent decrease in microsomal protein concen- 
tration was similar in both sexes throughout the 
observation period; the rate of microsomal protein 
synthesis was therefore greater (and/or the rate of 
degradation slower) in females compared to males 
after BCG treatment. This dillerence is reflected in 
the total microsomal protein content of liver: by day 
14, levels decreased to 83 per cent of control values 
in male rats but increased to 128 per cent of control 
values in females (Table 1). The net result of the sex- 
related differences in enzyme-specific activities and 
total hepatic microsomal protein was that the AH 
and DICD activities of whole liver were reduced to 
a comparable extent in males and females on days 
3, 6 and 10 after BCG administration (Fig. I, dotted 
lines). On day 14, AH and DICD activities were still 
significantly reduced in males but recovery to control 
levels was apparent in females. 

Tice strain BCG administered i.v. at a dose equal 
to that of the Pasteur strain elicited qualitatively simi- 
lar although quantitatively different results (Fig. 2). 

Femal’e rats again were generally more susceptible to 
the inhibitory effects of the organism than male rats, 
and reduction of all three parameters was greatest 
in females 10 days after BCG treatment. A biphasic 
response was additionally evident, particularly in 
female rats. As with the Pasteur strain BCG, the sex- 
related differences in activity tended to diminish when 
the results were expressed in terms of the drug-meta- 
bolizing capacity of the whole liver although, overall, 
the correlation was less marked. Comparison of the 
relative magnitudes of the responses elicited by the 
two strains of BCG indicated that the Pasteur 
organism was generally the more inhibitory. 

The duration of pentobarbital-induced narcosis 
after i.v. administration of Pasteur strain BCG is 
shown in Table 2. With the exception of female rats 
on day 14, both sexes slept longer at all time intervals 
after BCG treatment. Relative to controls there was 
no apparent sex difference in sleeping times. Of the 
three indices of drug-metabolizing activity in vitro, the 
prolongation of sleeping times correlated most closely 
with the drug-metabolizing capacity of the whole 
liver. 

Administration of BCG by the S.C. route produced 
erratic and poorly consistent responses, Although 
none of the three parameters was significantly 
reduced in male rats, slight (11-25 per cent) but signi- 
ficant (P < 0.05) decreases in AH and DICD activities 
were evident in female rats on day 10. Pentobarbital- 
induced sleeping times were slightly increased (30 per 
cent) at this time but the difference was not statisti- 
cally significant (P = 0.18). 



Administration of BCG by the id. route had no 
perceptible effect on the hepatic microsomal drug- 
metabolizing cnzymc system of the rat. 

Direct addition of BCG to the incubation mixtures 
at a dose of IO’ organisms/g equivalent of liver 
caused no change in the rates of metabolism. Addi- 
tion of BCG to whole liver slices prior to homogeni- 
zation likewise had no effect on the reaction rates. 

Histological examination of liver sections from rats 
treated i.\. revealed numerous granulatomous lesions 
throughout the parenchyma and pronounced infilt- 
ration of the portal fields by lymphohistiocytes: the 
intensity of the response was generally greater in 
female rats than in males. In the s.c.-treated group. 
livers of male rats were histologically normal: how- 
c\,er. in females 21 mild, although occasionally severe. 
granulatomous response was evident. No pathological 
abnormalities were observed in the i.d.-treated group. 
All of the examined tissues were free of acid-fast 
organisms of ZiehLNeelsen staining. 

The results presented in this report demonstrate 
that i.v. administration of BCG to Sprague-Dawley 
rats causes a sex-related. time-dependent impairment 
of the hepatic microsomal drug-metabolizing enzyme 
system; S.C. administration of the agent produces simi- 
lar though much weaker effects. Impairment of the 
drug-mctaboliring enrq,mc system by BCG WIS not 

due to the systemic toxicit! of the agent: treated rats 
gained Mcight at the same I-ate as controls. Moreover. 
~id,jtl\‘ant-induced arthritogenic discasc [25]. a cond- 
tion in the rat frequently associated with rcprrssion 
of the dr~lg-metabolizing s! stem [?6 291 ~vas absent 
in the BC‘G-tl-eatcd animals. Competitive inhibition 
of cnrymc activity bq binding of lipophilic com- 
poncnts of BCG to microsomal protein seemed XI 

unlikeI! mechanism. since direct addition of BCG to 
the incubation mixtures produced no change in K;IC- 

tion rates. Reduced enqmc activity is most probably 
:I conscqucncc of damage to some component of the 
electron-tr~uisport chain: cytochrome P-450. however. 
appeared not to bc the critical target site since its 
levels did not correlate closely with enzyme activities. 

The more pronounced inhibitory effect of BCG 
treatment on drug-mctaboliring enrymcs from female 
rats is surprising. since a number of pathological ot 

abnormal physiological conditions including hyper- 
thyroidism [22]. adrenalectromy [30]. X-irradiation 
1311, and starvation [?Z] cause a reduction in enzyme 
activity in male rats without significantly afrecting. 
or even increasing, enLyme activity in female rats. 
Moreover. conditions that alter enzyme activity in 
both sexes, e.g. diet [IQ] and tumors 1331. generally 
affect males to a greater extent. These differences have 
been attributed [30.31] to depletion of androgens in 
males under stress and the ensuing loss of the normal 
hormonal stimulation on the drug-metabolizing 
enzyme system. The prcscnt observations. ho\\c\,cr. 
are not consistent with this interpretation. 

A plausible mechanism for the inhibition of the 
drug-metabolizing enzyme system b! BCG involves 
elaboration of components of the Immune effector 
arm. After i.v. iniection bacterial adjutants are cleared 
mainly in the liver and the spleen by phagocytosis 
[34]. A cotnplex sequence of immune reactions 
ensues. finally resulting in stimulation of the reticu- 
loendothelial system (RES) with hepatosplenomegaly. 
Activated macrophages constitute an important com- 
ponent of the stimulated RES [35]. In the mouse 
[3&41], the activator macrophage response reaches 
maximum intensity 5 20 days after BCG administ- 
ration. It is conceivable that in the rat the macro- 
phage response damages some component of the elec- 
tron-transport chain of drug-metliboliring enqmcs. 
The increased elaboration of superoxide anion [-I?] 
and hydrogen pcroxidc [35] hy activelv phagocytiling 
macrophagcs and the cnhunccd oxidative activit\ 
[35] of stimulated macrophagcs arc particularly I-&- 

\ant in this contcut bccausc it has been well cstab- 
lishcd [43.44] that the drug-mctaboli7ing cnr> me qs- 
tcm is readily impaired bq peroxidative dcgencration 
of microsomal membrane phospholipids. Many of 
the principal fcaturcs of our findings art: consistent 
with an immllne-medi~~tcd mechanism. First. the 
dclaved onset of maximal cnz>me inhibition is in 
keeping with the latent pcl-iod required for macro- 
phage activation [36 411. Second. the greater magni- 
tude of eqmc inhibition in fcmalcs is reminiscent 
of the finding of Halpern ~‘t [I/. 1391 that i.v. administ- 
ration of BCG to mice products greater. stimulation 
of the RES in females than in ma&. Third, the return 
of en/-yme activity to near control lcvcls by day I4 
is commensurate with the rather rapid loss of macro- 
phagc activit) that normally follows stimulation 
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[36-411. Fourth, the more pronounced inhibitory 
properties of Pasteur BCG than of Tice BCG con- 
form with the finding of Mackaness et al [45] that 
in mice the former organism is a more potent stimu- 
lator of the RES. Finally, good qualitative agreement 
is observed between the magnitude of enzyme inhibi- 
tion and the intensity of the hepatic ~ranulomato~ls 
response. 

The clinical implications of adjuvant-induced im- 
pairment of drug-metabolizing enzyme activity with 
regard to the efficacy and toxicity of cancer chemo- 
therapeutic agents require further investigation. How- 
ever, it is likely that changes in drug efficacy will 
depend upon the pharmacokinetics of the individual 
drugs and whether metabolism is an activation or a 
detoxification process. For drugs which are activated 
by first-order kinetics and eliminated mainly as meta- 
bolites. e.g. ~yclophosphamide. the total amount of 
metabolite(s) will probably not change as a result of 
changes in the rate of metabolism; accordingly, the 
therapeutic properties of such drugs are not expected 
to change. On the other hand, for drugs that are 
mainly cleared as the unchanged parent compound, 
e.g. DIG, it is likely that reduced rates of biotransfor- 
mation will lead to suboptima~ levels of the active 
metabolite(s). For drugs that are detoxified by micro- 
somal enzymes. the effect of reduced metabolic acti- 
vity is more predictable: here, the prolonged duration 
of action will produce enhanced toxicity. 

In addition to the above, BCG may modify phar- 
macologic response by altering the level of activity 
of enzymes involved in conjugation, distribution and 
excretion. Finally, investigators concerned with the 
ChemoimmlInotherapy of transplantable tumors or 
the immunoprophylaxis of chemically induced tumors 
should be alerted to the possibility of drug-adjuvant 
interactions, The use of adjuvant dosages in such 
studies typically lo- to IOO-fold in excess of those 
employed during the present investigation renders 
this a particularly cogent consideration. 
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