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Summary. The present study characterizes the biochemical, 
morphological, and histological sites of CCNU-induced 
hepatotoxicity and investigates the effect of modifiers of 
drug metabolism on this toxicity. A single oral dose 
(100 mg/kg) of CCNU caused four- and ninefold in- 
creases in serum GOT and GPT respectively 48 h after ad- 
ministration in rats. A 25-fold rise in serum bilirubin, a to- 
tal loss of bile flow, and a decrease in BSP clearance were 
also observed. Cytochrome P-450 content and EM-N-de- 
methylase activity were significantly decreased to 88% and 
66% of control values respectively. A histopathological 
time course study of CCNU-induced injury showed a pro- 
gression of acute inflammation, edema, and fibrin deposi- 
tion in portal areas over 24 h with necrosis and sloughing 
of bile duct epithelium at 24 and 36 h. Treatment of rats 
with PB (40mg/kg /day  for 4 days, i.p.) 24h prior to 
CCNU administration protected against CCNU-induced 
hepatotoxicity. Thus, the levels of serum GOT, GPT, and 
bilirubin were only 2.5 and 4 times higher than in untrea- 
ted or PB-treated controls. Histopathological examination 
also showed reduced severity of bile duct lesions in PB- 
pretreated animals. In rats receiving both PB and CCNU, 
bile flow was restored and BSP clearance was increased 
compared to the CCNU-treated rats. The mixed-function 
oxidase activity in PB + CCNU-treated rats was not signi- 
ficantly different from that in PB-treated controls. It is 
concluded that pretreatment of rats with PB can markedly 
suppress the hepatotoxic manifestations, including histo- 
pathological changes, the rise in serum bilirubin, and the 
cholestasis observed in CCNU-treated rats. 

Introduction 

1-(2-Chloroethyl)-3-cyclohexyl-l-nitrosourea is a lipid-sol- 
uble antineoplastic agent and a known hepatotoxin. Serum 
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enzymes increases and histologically observable damage 
have been reported following CCNU administration [5, 6, 
9, 10]. Studies in our laboratory and others have revealed 
hyperbilirubinemia in rats after a single dose of BCNU 
and CCNU [6, 20]. Prolonged decreases of cytochrome P-- 
450, cytochrome b 5, and heme contents of hepatic micro- 
somes were reported after a single dose of CCNU [6, 13]. 

The role of metabolism in CCNU-induced hepatotoxic 
damage is not yet known. The antitumor activity and le- 
thality of nitrosoureas, particularly CCNU, were shown to 
be decreased by PB pretreatment [11, 12, 16]. This effect 
was attributed to the PB induction of microsomal enzymes 
responsible for the detoxification of CCNU. Phenobarbi- 
tal is also known to induce chloresis in rats [4] as well as to 
decrease serum bilirubin and bile acid levels in patients 
with intrahepatic cholestasis [1, 19]. 

This study is aimed at (a) characterization of the bio- 
chemical and histopathological cellular site of CCNU-in- 
duced hepatotoxicity and (b) evaluation of the effect of 
pretreatment with the microsomal enzyme inducer PB on 
the magnitude of CCNU-induced hyperbilirubinemia and 
cholestasis. Such investigation will clarify the mechanism 
by which PB alters the antitumor activity of CCNU and 
provide some understanding of the mechanism of chemo- 
prevention by PB against nitrosourea toxicity. 

Materials and methods 

Materials. CCNU was a generous gift from Bristol Labo- 
ratories, Syracuse, N.Y.  NADP +, glucose-6-phosphate, 
4-methylumbelliferone, ATP (equine), UDPGA, L-histi- 
dine, imidazole, and sodium deoxycholate were purchased 
from Sigma Chemical Co., St. Louis, Mo. BSP was pur- 
chased from Hynson, Westcott and Dunning, Inc., Balti- 
more, Md., glucose-6-phosphate dehydrogenase from 
Boehringer Mannheim Corp., New York, N. Y., and EM 
hydrochloride from Mallinckrodt Chemical Work, St. Lo- 
uis, Mo. 

Animal treatment. Male Sprague-Dawley rats from Charles 
River Laboratories, Wilmington, Mass. (weight 200-300 g 
except for bile flow studies, 300-400 g), were fed Purina 
Rat Chow ad libitum until killed. Unless otherwise indicat- 
ed, the number of animals in each group was four. CCNU 
was given suspended in corn oil in a single oral dose of 
12.5, 25, 50, or 100 mg/kg. For the time-course study, ani- 
mals were sacrificed at 4, 6, 12, and 24 h following CCNU 
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Fig. 1. Effect of CCNU on the serum levels of ALT (11) and AST 
(A). Rats were given a single oral dose of CCNU (100 mg/kg) 
and killed at various time intervals thereafter. GPT and GOT le- 
vels were determined as described under Methods. *, significantly 
different from control (P< 0.05) 
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Fig. 2. Effect of CCNU on the serum levels of bilirubin. Rats were 
given a single oral dose (100 mg/kg) of CCNU, and killed at var- 
ious times thereafter. Total and conjugated bilirubin were deter- 
mined as described under Methods. n = 4. *, significantly different 
from control (P< 0.05) 

adminis t ra t ion.  Cont ro l  rats recieved 0 .4ml  corn oil 
(p. o.). PB was injected i.p. in a dose o f  40 m g / k g / d a y  for 
4 consecutive days. C C N U  was given in a single oral  dose 
of  100 m g / k g  48 h pr ior  to ki l l ing and 24 h after the last 
dose of  PB. 

Sample collection. Animals  were kil led by decapi ta t ion.  
Blood was collected in conical  centrifuge tubes and spun 
at 2000 rpm for 10 min. Serum was collected for the deter- 
mina t ion  of  serum levels of  ALT, AST (Worthington Diag- 
nostics, Freehold,  N. J.), and  total  and  conjugated  bil iru- 
bin  (Sigma kit  605-C). For  metabol ic  enzyme determina-  
t ion livers were perfused in situ with ice-cold 1.15% KC 1, 
excised, blot ted dry, and  weighed. 

Histological studies. Rats were anesthetized with nembutal ,  
and  the portal  vein cannulated.  Livers were perfused in 
situ with saline (at 37 °C) and then with fixative (0.33% 
glu tara ldehyde  +0.5% pa ra fo rma ldehyde  in 0.05 M Pipes 
buffer  at p H  7.35). Liver slices were s tored in buffer at 
4 °C. Slices were embedded  in paraff in  and rout inely pro-  
cessed for light microscopy;  Mal lory ' s  t r ichrome stained 
sections and PTAH fibrin stains were examined.  

Bileflow studies. The main  bile duct  was cannula ted  with a 
PE-10 in t ramedic  polyethylene tubing (Clays Adams,  
Pars ipanny,  N . J . )  under  light ether anesthesia. Bile was 
collected every half  hour over a 6-h period.  The body  tem- 
pera ture  was moni tored  and control led  by  a heat  lamp. 

BSP clearance studies. Rats were injected i.v. with a 5% so- 
lution of  BSP in saline, in a dose of  120 mg/kg .  Blood 
(0.1 ml) was collected from a cannula ted  common  il iac 
vein every 10 min over a 90-min period.  An equivalent  vo- 
lume of  saline was adminis tered  to replace blood.  BSP 
clearance was determined as descr ibed by Berk et al. [3]. 

Enzyme determinations. Microsomes were p repared  from 
liver homogenates  as previously  described [7]. Microsomal  
cytocbrome P-450 and cytochrome b 5 contents were assay- 
ed by the method of  Omura  and Sato [17], and  EM-N-de-  
methylase  activity was de termined as previously  described 
[8]. The method descr ibed by Bergmeyer [2] was used for 
the determinat ions  of  microsomal  U D P G T  activity, using 
4-methylumbel l i ferone as substrate. Protein was deter- 
mined  by the method of  Lowry et al. [14]. 

Statistical analys&. The da ta  were expressed as mean ___ 
SE and analyzed with Student ' s  t-test. The 0.05 level of  
probabi l i ty  was used as the cri terion for significance. 

Results 

Effect of  CCNU on serum enzymes and bilirubin 

Figure 1 shows the effect of  a single oral  (100 mg /kg )  dose 
o f  C C N U  on serum enzymes. Increases in ALT and AST 
to 903% and 415% of  control  values was first observed af- 
ter 48 h of  C C N U  adminis t ra t ion.  Peak levels of  1190% 
and  626% of  control  values for ALT and AST respectively 
were oserved at 3 days. By day  14 after t reatment  the en- 
zyme levels were 196% and 315% of  controls,  repsectively. 

Increases in serum bi l i rubin  were first apparen t  24 h 
after C C N U  adminis t ra t ion:  25- and 20-fold increases of  
total  and conjugated bi l i rubin  over control  levels were ob- 
served (Fig. 2). However,  unl ike the serum enzymes, serum 
bi l i rubin  cont inued to increase, and  by 14 days  total  and  
conjugated  bi l i rubin were 140 and 110 t imes higher than 
control  levels respectively. 

Effect of  CCNU on serum enzymes and bilirubin in PB-pre- 
treated rats 

When  rats were pre t reated with PB (40 m g / k g / d a y )  for 4 
consecutive days the C C N U - i n d u c e d  increases in serum 
ALT, AST, and bi l i rubin were sharply reduced  (Table 1). 
When  C C N U  was given alone,  levels of  serum GPT and 
G O T  and total  bi l i rubin at 48 h were 9037%, 415%, and 
2479% of  control  values respectively. In  animals  receiving 
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Fig. 3. Histopathological changes following administration of CCNU (50 mg/kg) as a function of time (Mallory's trichrome stain). Upper 
left: Section of portal area of control rat shows bile duct (D) lined by normal, low bile duct epithelium. Normal portal area consists of 
hepatic vein (V) and arteries (A), with a few capillaries and lymphatics also present × 370. Upper right: Section of portal area 6 h after 
CCNU shows a few infiltrating acute inflammatory cells (arrows), interstitial edema (e), and focal fibrin (f) which stains positively in 
special fibrin stains × 380. Lower left: Section of portal area 12 h after CCNU shows extensive infiltration by acute inflammatory cells, 
interstitial edema, and fibrin deposition. There is focal necrosis of bile duct epithelial cells (arrows), although no sloughing of epithelium 
is seen. × 400. Lower right: Section of portal area 24 h after CCNU shows extensive inflammation, edema, and fibrin deposition as seen 
at 12 h, with complete necrosis of bile duct epithelial cells and sloughing of epithelium. At 36 h (not shown) the epitehlial cells are virtual- 
ly completely sloughed, x 300 

PB pr ior  to C C N U ,  the corresponding values were signifi- 
cant ly lower at 494%, 208%, and 393% of  control  values. 
PB treatment  a lone caused no significant changes in the le- 
vels of  these enzymes or bi l i rubin content  in serum. 

Histopathological changes following CCNU administration 

At 6 h fol lowing C C N U  adminis t ra t ion  (50 mg/kg) ,  the 
larger porta l  areas showed edema and occasional  collec- 
t ions of  intersti t ial  f ibrin and po lymorphonuc lea r  leuko- 
cytes (Fig. 3). Bile duct  epi tehl ium was intact,  and  no path- 
ological  changes were seen in hepatocytes at this early 
time. By 12 h, bile duct  epi thel ium showed variable stain- 

ing of  focal cells; increased edema,  fibrin exudat ion,  and 
acute in f lammatory  cells were present  in the per iducta l  in- 
terstitium. At  24 h, large areas of  bile duct  epi thel ium were 
necrotic,  as evidenced by pyknot ic  nuclei  and c lumped 
cytoplasm, and epithel ium was complete ly  sloughed in 
many  portal  areas. At  36 and 48 h, the changes were essen- 
t ially similar to those seen at 24 h but  more  bile duct  epi- 
thelial  sloughing was evident.  

These morphologica l  changes were present  at all dose 
levels examined from 25 m g / k g  to 100 mg/kg .  Minimal  
changes were seen at doses less than 25 mg/kg .  No clear 
gradient  of  changes was discerned over the dose range of  
2 5 - 5 0 m g / k g ,  al though the pathological  al terations at 
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Table I. Effect of a single oral dose of CCNU (100 mg/kg) on se- 
rum GOT, GPT, and bilirubin in normal and phenobarbital-treat- 
ed rats 

Treatment ALT(IU/I)  AST(IU/1) Bilirubin(mg/dl) 

Total Conjugated 

Control 12.5+ 0.5 54.4_+ 1.0 0.14_+0.03 0.04_+0.02 
(100) (100) (100) (100) 

CCNU 113.8_+18.0" 225.6+20.5* 3.47_+0.44* 3.17_+0.44" 
(903) (415) (2479) (7925) 

PB 13.4+ 2.5 58.2_+ 5.4 0.18_+0.02 0.03_+0.01 

PB+CCNU 61.7_+29.7" 113.0_+34" 0.55_+0.17 0.57_+0.19" 
(494) (208) (393) (1425) 

Values are means ___ SE. Values in parentheses are percent of con- 
trol values 
Animals were killed 48 h following CCNU treatment 
* Significantly different from controls (P < 0.05) 

Table 2. Effect of a single oral dose of CCNU (100 mg/kg) on bile 
flow and BSP clearance in normal and phenobarbital-treated rats 

Treatment Bile flow BSP 
(1/min2/100 g 
body wt) Elimination Clearance 

t '/2 (h) (ml/min) 

Control 2.58-1-0.50 31.70___ 2.8 0.77+0.07 
CCNU 0* 143.50+20.6" 0.18___0.03" 
PB 7.31___0.59" 17.91+ 3.3* 1.93___0.56" 
PB+CCNU 1.97_+0.52 91.80+ 1.5" 0.24+0.01" 

Values are means + SE of four animals 
CCNU was administered 48 h prior to bile cannulation or BSP 
administration. PB was administered as described in Materials and 
methods 
* Significantly different from controls (P < 0.05) 

100 mg/kg  appeared to be more extensive than those at the 
lower doses at comparable  times. 

Focal hepatocyte necrosis beginning at 12 h after expo- 
sure was characterized by vacuolar degeneration of hepa- 
tocytes, with cell necrosis and macrophage infil tration 
(Fig. 4). These changes always affected small clusters of 
hepatocytes adjacent to the larger portal areas where bile 
duct injury was occurring, suggesting that hepatocyte inju- 
ry is secondary to that of bile ducts. No evidence of wide- 
spread central or midzonal  hepatocellular necrosis was 
seen. 

In  rats pretreated with PB, the histopathological degree 
of bile duct lesions appeared markedly decreased, with 
only mild cellular infil tration and edema of portal areas, 
and minimal  or absent sloughing of bile duct epithelium 
observed (Fig. 4). 

Effect o f  CCNU on bile flow and BSP clearance 

Adminis t ra t ion of C C N U  to saline-treated rats 48 h prior 
to bile duct cannula t ion  caused a complete cessation of 
bile flow over the 6-h collection period (Table 2). PB treat- 

Fig. 4. Hepatocellular damage and protection by PB pretreatment (Mallory's trichrome stain). Left: At 12 h after 50 mg/kg CCNU, he- 
patocytes in areas adjacent to severely involved portal areas such as shown in Fig. 3 display focal necrosis (N) and vacuolar degeneration 
(arrows). Such hepatocellular necrosis was spotty relative to the diffuse portal area changes, x 380. Right: Section of portal area from 
animal pretreated with PB, then given 50 mg/kg CCNU (24 h) shows only mild infiltration by acute inflammatory cells, mild edema, and 
intact bile duct epithelium (d), in contrast to extensive damage shown in unretreated animals (see Fig. 3, lower right for comparison). 
x 235 
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Table 3. Effect of a single oral dose (100 mg/kg) of. CCNU on hepatic microsomal hemoproteins and EM-N-demethylase activity in 
normal and phenobarbital-pretreated rats 48 h after CCNU administration 

Treatment Cytochrome b 5 Cytochrome P-450 
(nmol/mg protein) (nmol/mg protein) 

EM N-Demethylase 
(nmol HCHO/min/mg protein) 

Control 0.49_+ 0.02 (100) 0.48 _+ 0,03 (100) 4.48 + 1.24 (100) 
CCNU 0.41 +0.02* (85) 0.42_+0,05 (88)* 3.09+0.96 (66)* 
PB 0.50+0.02 (103) 0.99+_0,04* (205) 23.48+2.48* (485) 
PB + CCNU 0.49+0.02 (100) 1.23+0.08" (255) 20.28+ 1.60" (419) 

Values are means + SE of four animals. Values in parentheses are percent of controls values 
* Significantly different from controls (P < 0.05) 

ment  a lone caused an expected rise in bi l iary  flow to 
7.31 Ix l /min /100g  body  wt. When  C C N U  was given to 
PB-treated rats, b i l iary  flow was 1.97 txl /min/100 g body  
wt, which was not  significantly different  from the saline- 
t reated controls. The da ta  in Table 2 also show the effect 
of  C C N U  on BSP el iminat ion rate (t~/2) and clearance in 
sal ine-treated or PB-treated rats. In  the sal ine-treated con- 
trols,  the e l iminat ion tlA and clearance of  BSP from plas- 
ma  were 31.7 h and 0.77 m l / m i n  respectively. Prolonga- 
t ion of  e l iminat ion tF2 to 143.5 h and a decrease in clear- 
ance to 0.18 m l / m i n  were observed in CCNU- t rea ted  rats. 
When  rats were t reated with PB pr ior  to C C N U  the t'/2 
(92 h) was intermediate  between those of  the sal ine-treated 
and CCNU-t rea ted  animals,  and BSP clearance was 
0.24 ml /min .  

Effect of CCNU on hepatic microsomal cytochrome P-450, 
cytochrome b 5, and EM-N-demethylase activity 

The data  in Table 3 show that  a single dose o f ' C C N U  
caused a decrease in hepat ic  EM-N-demethylase  activity to 
66% of  the control  value 48 h after treatment.  In  PB-trea- 
ted rats, h e p a t i c  cytochrome P-450 and EM-N-demethy-  

Table 4. Time course of the effect of a single oral dose (100 
mg/kg) of CCNU on hepatic microsomal UDPGT activity 

Days after treatment UDPGT 
(nmol/min/mg protein) 

0 23.36+ 1.50 (100) 
2 29.74+2.32* (127) 
7 37.60+3.18" (161) 

14 33.38 + 3.74* (143) 

Values are means + SE of four animals. Values in parentheses are 
percent of controls values 
* Significantly different from controls (P < 0.05) 

Table 5. Effect of CCNU (100 mg/kg) on microsomal UDPGT 
activity in normal and phenobarbital-treated rats 48 h after 
CCNU treatment 

Treatment UDPGT 
(nmol/min/mg protein) 

Control 22.34+2.36 (100) 
CCNU 32.10+2.04" (144) 
PB 44.52+3.22* (199) 
PB + CCNU 46.04+ 1.14" (206) 

Values are means _+ SE of four animals. Values in parentheses are 
percent of controls values 
* Significantly different from controls (P < 0.05) 

lase activities were 205% and 485% those of  sal ine-treated 
controls  respectively. When  C C N U  was given to PB-treat- 
ed rats 48 h pr ior  to killing, cytochrome P-450 and EM-N- 
demthylase activity were at 255% and 419% of  control  va- 
lues respectively. 

Effect of CCNU on hepatic microsomal UDP-glucuronyl 
transferase activity 

The da ta  in Table 4 show that  C C N U  caused a modera te  
but  significant rise in hepat ic  U D P G T  activity as a func- 
t ion o f  time, reaching 161% of  control  values at day  7 after 
adminis t ra t ion.  In PB-treated rats, U D P G T  activity in- 
creased to 199% of  control  values (Table 5). This twofold 
rise was not  significantly al tered in rats receiving both PB 
and CCNU.  

Discuss ion  

Our studies, in agreement  with previous reports [5, 10], 
show that  C C N U  hepatotoxici ty  is manifested b y  rises in 
serum AST, ALT, and bil irubin.  In our study, ALT and 
AST were maximal  at day 3 and decl ining by day 14, 
whereas serum bi l i rubin levels cont inued to increase. 

There are several lines of  evidence to indicate  that the 
cont inued elevation of  serum bi l i rubin is due to an accu- 
mula t ion  of  unexcreted conjugated bi l i rubin.  Serum bil iru- 
bin levels were mostly in the conjugated form, which 
points  to the capaci ty  of  the hepatocyte  to take bi l i rubin 
from the circulat ion and conjugate it, but  its inabil i ty  to 
excrete it in the bile. In  fact, the process of  conjugat ion it- 
self was not  affected by C C N U  treatment.  Indeed,  some- 
what  higher activities of  U D P G T  were observed in 
CCNU- t rea ted  rats (Table 4). 

These f indings suggest the involvement  of  the bi l iary 
tree as a p r imary  target in C C N U  hepatotoxici ty.  The total  
lack of  bile flow and the decrease in BSP clearance in rats 
t reated with C C N U  further poin t  to a p r imary  lesion in the 
b i l iary  excretory system. Our  his topathological  study sub- 
stantiates this p r imary  bi l iary lesion. Previous evidence of  
bi l iary  damage and increases in A P  activity, which are 
markers  of  bile duct  damage,  were shown by other  authors 
[9, 10]. Our previous work showed that  the increase in se- 
rum bil i rubin is not  due to an increase in the turnover  of  
heme [7]. Therefore,  we conclude that  the b i l i rub inemia  in 
CCNU- t rea t ed  rats is due to the cont inued accumulat ion  
o f  unexcreted conjugated bi l i rubin secondary  to the pri- 
mary  bi l iary lesion. Subsequent  later hepatocyte  injury in 
liver cells near  to the por ta l  areas may, in fact, be secon- 
dary  to the init ial  bile duct  lesion. 

In  this study, we show that  PB is capable  of  ameliorat-  
ing all the hepatotoxic  manifestat ions of  C C N U .  Thus, the 



108 

increases in the serum levels of  GOT,  GPT, and bi l i rubin 
were all s ignificantly reduced in PB-pretreated rats. Biliary 
flow was restored and BSP clearance was also in- 
creased. Thedecl ine  in cytochrome P-450 content  and EM- 
N-demethylase  activity after C C N U  trea tment  were not  
observed in PB-pretreated rats. Induct ion  of  these enzymes 
by PB was unal tered in animals  receiving both  PB and 
C C N U .  Previous results f rom our  l abora tory  [7] also 
showed that  PB was capable  o f  reversing the depress ion in 
heme biosynthesis  in the liver, but  not  spleen, of  C C N U -  
t reated rats. PB has also been shown to decrease the antitu- 
mor  activity and lethali ty of  C C N U  in mice [11, 12, 16]. 

The effects of  PB per se on bi l iary functions are well 
documented .  PB is known to induce hypercholeresis  in 
rats [4]. It has also been shown to decrease the bile acid 
and  bi l i rubin  content  of  p lasma  in cases of  obstruct ive in- 
t rahepat ic  cholestasis [1, 19]. It has been suggested [19] that 
in cholestatic jaundice ,  bile salt accumulat ion  may  lead to 
a decrease in drug metabol i sm and cytochrome P-450 con- 
tent. Induct ion  of  cytochrome P-450 as well as G T  by PB 
increases the hydroxyla t ion  and conjugat ion o f  bile acids, 
render ing them more po la r  and  excretable. 

Al though the present  s tudy is an example  of  chemopre-  
vent ion o f  the toxici ty of  a good  ant i tumor  agent  and a de- 
r ivative of  the envi ronmenta l  carc inogen ni t rosamine,  no 
detai led investigations are avai lable  on the actual  mechan-  
ism by which PB prevents  or  intervenes with n i t rosourea  
hepatotoxici ty.  Most  publ i shed  invest igat ions using PB 
pre t rea tment  focus on the protec t ion  against  animal  death 
or  s imple measurement  of  al terat ions in tumor  growth in 
tumor-bear ing  animals  t reated with ni t rosourea.  

Reversal  by  PB of  the adverse b i l iary  manifes ta t ions  of  
n i t rosourea  may  be due to the fol lowing mechanisms:  

1. PB may  alter the metabol i sm of  C C N U ,  enhancing 
its detoxif icat ion a n d / o r  shifting the metabol ic  profi le  to a 
less toxic chemical  species. 

2. PB may  act direct ly by  reversing cholestasis and  en- 
hancing bi l iary excret ion and washout  of  C C N U  toxic me- 
taboli tes  and other  bile acid  derivatives from the liver. 

With  regard  to the first hypothesis ,  in vitro studies [15, 
18] have shown that  microsomes from PB-pretreated ani- 
mals cause a shift in the hydroxy la ted  metabol i tes  of  
C C N U  to more  of  the cis-4-hydroxy metabol i te ,  compared  
with microsomes from sal ine- treated rats. This metabol i te ,  
however,  is more  cytotoxic  [21]. So far, the exact  chemical  
species of  C C N U  metabol i tes  which causes the b i l iary  da- 
mage has not  been identif ied.  

A question is thus raised regarding the role of  PB in re- 
versing the bi l iary toxici ty of  C C N U :  Does PB reverse the 
symptoms of  cholestasis,  or  does it reverse the initial  da-  
mage by C C N U  a n d / o r  its metabol i te  by al ter ing the 
C C N U  metabol ic  pa t te rn?  Current  work  in our  l abora tory  
is d i rected toward  answering this question. 
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