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Liver regeneration and hepatic microsomal changes in rats administered cyclosporin A 

(Received 22 September 1986; accepted 6 March 1987) 

Cyclosporin A (CsA), a cyclic immunosuppressant, is 
widely used in the transplantation of organs, including 
the liver. Generally, hepatotoxicity is less involved than 
nephrotoxicity (which can be ameliorated to some extent 
by dosage reduction and substitution therapy). Hepatic 
changes, notably hyperbilirubinemia, have been reported 
in human organ recipients on CsA [l-4], in dogs with 
orthotopic liver transplants [5] and in rats over periods of 
21-49 days [6,7] or with isolated rat liver perfusion [S]. It 
has been suggested that liver dysfunction in human organ 
recipients may stem from intercurrent infection [9]. The 
metabolites of CsA in humans, and in species such as 
the dog and the rat, retain the basic cyclic oligopeptide 
structure, the most prominent biotransformations being 
hydroxylation alone and in conjunction with N-demethyl- 
ation [lo]. Microsomal mixed-function oxidase system 
elements in rats administered 50 mg of CsA per kg, daily 
for 14 days, were followed by Cunningham et al. [ll]; 
cytochrome P-450 decreased slightly, whereas aminopyrine 
N-demethylase (APdM) was little affected. These variables 
were elevated markedly in animals treated also with 
Aroclor 1254, an enzyme inducer. For 7 weeks, at an oral 
dose of CsA of 25 mg/kg daily, cytochrome P-450 was 
unchanged; APdM decreased during the first 4 weeks, rose 
during remission, and fell during the relapse period in 
relation to nephrotoxic effects. The levels of NADPH- 
cytochrome c reductase activity paralleled APdM activity 
from week 3 onward [12]. In another report by Cunningham 
et al. [13], enzyme induction in the presense of CsA ensued 
with continued i.p. injection of phenobarbital just as with 
Aroclor 1254, but not with 3-methylcholanthrene. Augu- 
stine and Zemaitis [14] corroborated in the rat, several 
of the above findings concerning cytochrome P-450 and 
demonstrated a type I binding spectrum for CsA. Depres- 
sion of aniline hydroxylase was greater than that of APdM 
as observed by Cunningham et al. [ll], and NADPH- 
cytochrome c reductase was most sensitive to the action of 
CsA at oral doses of 25 or 50mg/kg daily for 9 days, 
whereas protein and cytochrome b5 levels were not influ- 
enced appreciably at either level. CsA has also been shown 
to inhibit cytochrome P-450 and the enzymes, APdM and 
benzo[a]pyrene hydroxylase (BPH), in male Swiss mice 
[15]. With heightened hepatic microsomal drug metabolism 
or enzyme induction, concomitant nephrotoxicity of CsA 
appears to diminish as a result of a lower drug level in 

blood. Effects of enzyme induction are also apparent with 
phenytoin [4,16] but not with inhibitors such as keto- 
conazole [17-191 and melphalan [18]. 

The current report describes findings on CsA in relation 
to the extent of liver regeneration in partially hepa- 
tectomized rats and hepatic microsomal variables as such 
and after enzyme induction by phenobarbital. The data are 
compared with those for intact animals. The intention of 
this study was to delineate liver regenerative changes that 
may be applicable to human post-transplantation grafts. 
According to a recent communication [20], CsA does not 
affect hepatic thymidine kinase or ornithine decarboxylase 
in Fischer male rats over a period of 48 hr after partial 
heptectomy and, in fact, pretreatment with CsA leads to 
potentiation of their levels. 

Materials and methods 

CsA, furnished by Sandoz, Inc., East Hanover, NJ, was 
dissolved in olive oil heated to 60’ to yield a solution of 
15.0mg/ml. Phenobarbital was dissolved in low alkaline 
pHmedium (80mg/ml). Male rats of the Charles River 
(COBS) strain, averaging 300 g in weight, were partially 
hepatectomized in the mid-morning under ether anesthesia; 
two-thirds of the organ was removed [21] and dried to 
constant weight at 100”. All animals were housed in indi- 
vidual cages and given Purina rat meal and water ad lib. 
CsA (25 mg.kg-‘.day-‘) was administered by gavage in a 
volume of 0.5 ml for the first 7 days; controls received the 
vehicle. At least four animals of each group were injected 
with phenobarbital i.p. (80mg.kg-‘.day-‘) on days 7-9. 
inclusive. All rats were killed by exsanguination on day 10, 
at which time the entire livers were removed, drained and 
weighed; tared amounts were deep-frozen for microsomal 
studies and the remaining organ was dried as stated above. 
Very small sections were reserved for microscopic exam- 
ination. The amount of tissue regeneration (liver 
increment, g) was calculated from the dry weights at surgery 
(L,) and necropsy (L,) according to: L, - (0.46)L, [22]. 
Other males from the same shipment were treated similarly 
except that they were not sham-operated; wet and dry liver 
weights as g/100 g body weight were measured for each 
rat. The precipitation method of Schenkman and Cinti 
[23] was used to isolate liver microsomes. Procedures for 
analyses of protein and nucleic acid contents of homo- 
genates and subfractions as well as of cytochrome P-450 
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and the enzymes, APdM and BPH, were the same as those 
detailed previously [24]. 

Results and discussion 

Figure 1 presents liver increment, microsomal protein, 
cytochrome P-450 and enzyme levels, for operated rats 
treated with CsA alone and in conjunction with pheno- 
barbital and the phenobarbital controls, expressed as per- 
centages of the oil-fed controls. The respective microsomal 
findings and wet liver weight percentages for the intact 
rats appear in Fig. 2. The non-enzyme-induced groups 
contained nine to thirteen rats, and the percentage body 
weight changes over the period of 10 days for oil controls, 
CsA, CsA + phenobarbital, and phenobarbital controls 
were 0.0. -8.4, -11.1 and -6.1, respectively, for the 
operated groups and 0.0, -5.5, 4.2 and 4.9, respectively, 
for the intact animals. The dosage and route of adminis- 
tration of CsA used promote pharmacological activity in 
the rat [25,26] and, of a number of toxicological responses, 
weight loss, possibly due to anorexia, is quite prominent in 
this species [27]. 

CsA did not produce significant changes in liver 
increment nor in any of the microsomal variables, com- 
pared to the respective operated controls (Fig. 1). The 
phenobarbital-injected controls elicited a small but definite 
rise in cytochrome P-450 in contrast to phenobarbital + 
CsA. However, the latter appeared to be responsible for 
increases in APdM and BPH, the elevations with the pheno- 
barbital controls just lacking statistical significance at the 
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Fig. 1. Liver changes for operated rats as percentages of 
controls and based on the units (each per g wet liver): mg 
and nmol for microsomal protein and cytochrome P-450. 
respectively, and nmol product/min for the enzymes. The 
increment (g) was calculated from the dry weights of tissue 
removed at surgery and 10 days later, at necropsy. Treat- 
ments: A, CsA (N = 10); B, controls induced with pheno- 
barbital (N = 4); and C, CsA + phenobarbital (N = 4). 
Variance per group was low to moderate on the basis of 
the SE of each mean. By analysis of variance, differences 
from the means of thirteen oil-fed controls are statistically 
significant where designated as: *P < 0.05 and **P < 0.01. 
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Fig. 2. Liver variables for unoperated males as in the legend 
of Fig. 1 except that for the oil-fed control group, N = 9. 
The dry liver weight percentages paralleled those shown 

for the wet organs. Key: *P < 0.05 and **P < 0.01. 

5% level of probability. Both phenobarbital-injected 
groups were equally hepatotrophic. based on the liver 
increments; neither treatment caused any remarkable 
change in microsomal protein content. 

As in the operated series, CsA did not affect the control 
liver weights or the microsomal components (Fig. 2). The 
two phenobarbital-treated groups displayed liver enlarge- 
ment and heightened APdM and BPH activities, the 
respective values being greater for CsA + phenobarbital 
than for the phenobarbital controls in relation to the 
enzyme levels of the oil-fed controls, but the microsomal 
protein and cytochrome P-450 contents were not altered 
significantly. 

To evaluate the contribution, if any, of CsA when given 
in conjunction with phenobarbital, comparisons were car- 
ried out between the phenobarbital and CsA + pheno- 
barbital groups for each liver variable in both the operated 
and intact series. Only one difference proved to be signifi- 
cant; BPH of the partially hepatectomized rats on the 
combined treatment ranged higher than that of the induced 
controls (df, 8; Fisher r-value, 3.27; P < 0.02). With intact 
rats fed twice the dose of the undecapeptide for 14 days, 
Cunningham et al. [ll] reported that CsA increases the 
inductive action of Aroclor 1254 on cytochrome P-450 but, 
in a later study employing similar conditions [13], that it 
reduces Aroclor and phenobarbital induction of cyto- 
chrome P-450 and APdM. 

In summary, CsA had no significant action on the extent 
of liver regeneration in the partially hepatectomized male 
rat or on liver weight changes in the intact animal at the 
dosage studied. Except for a few components depressed 
by the drug, such as NADPH-cytochrome c reductase 
reported by others [13, 141, CsA had little influence on 
hepatic microsomal mixed-function oxidase elements such 
as cytochrome P-450 levels and APdM and BPH activities. 
These variables were induced in the presence of pheno- 
barbital and, except for BPH in the operated rats, CsA 
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had no remarkable effect on the increases. As might be 
expected from the dosage and short experimental interval, 
the liver sections displayed DO unusual light microscopic 
changes compared with the control groups. Further studies 
might explore wider CsA dosage ranges in several species 
of either sex, isolation of the relevant molecular form of 
cytochrome P-450, and the nature of the drug binding sites 
of hepatocytes from the organs of operated and intact rats, 
possibly, by such approaches as photoaffinity labeling [ZS]. 
Although the liver, following partial removal, is unique 
in that regenerative changes take precedence over those 
involved in drug detoxification [29-321, our findings with 
CsA in the operated animal were similar to those found 
with the intact rat. 
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Influence of the sulphation inhibitor, 2,6-dichloro-4-nitrophenol, on the production, 
and conjugation, of 4-hydroxybiphenyl generated from 4-methoxybiphenyl by rat 

isolated hepatocytes 

(Received 11 December 1986; accepted 31 March 1987) 

A number of aromatic xenobiotics are metabolized by the of a phenolic functional group which is followed by cop- 
cytochrome P450-dependent microsomal monooxygenase jugation with glucuronic acid or sulphate at the newly 
(MMO)* system leading to the production or unmasking generated phenolic group. It is recognised that the balance 

of these two phases of metabolism may play an important 
role in determining the overall biological effect of the 

* Abbreviations used: DCNP, 2,6-dichloro-4-nitro- parent xenobiotic. and for this reason it is important to 
phenol; 4-MBP, 4-methoxybipheny1; MMO, microsomal identify the factors that might influence the balance of these 
monoox~genase; 4-OHBP, 4-hydroxybiphenyl. two phases of metabolism. 


