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of them the DBH actwity was increased significantly. The magnitude of increase in urinary excretion of 
VMA was not directly related to that of the increase in serum DBH activity when compared in each sub- 
ject. Since recent studies demonstrate the StOlChiometric release of DBH and NE. ~9 and the considerable 
intersubkect variation of urinary excretion of NE and E before and after delivery) 7 the discrepancy in 
our results seems to be due to intersubject variation in the enzymatic conversion of NE and/or E to VMA 
and in the rate of elimmation of VMA from the kidney. 

The present study demonstrates that the emotional and physiological stress of delivery produced the 
increase in serum DBH activity and urinary excretmn of VMA, and that the increase in serum DBH acti- 
vity was the result of increased release of DBH from the sympathetic nervous system. This study is com- 
patible with other data 9 and again suggests that, if compared in individual subjects, the increase in enzyme 
activity might be an index of the increase in release of NE and/or E from the sympathetic nervous system. 
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Hepatocyte suspensions as a model for demonstration of drug hepatotoxicity 

(Received 16 July 1973; accepted 7 December 1973) 

PREVIOUS studies in this laboratory have attempted to test the hypothesis that some instances of drug- 
induced hepauc injury, which appear to be the result of hypersensmvity to the respective drugs, may reflect 
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intrinsic toxicity of the agent coupled with hypersensltivlty.~ 6 These studies have employed models in 
v i tro  to demonstrate the potential for hepatic injury of drugs known to produce liver damage in humans. 
Chlorpromazine (CPZ) and several other phenothiazines, incriminated as causes of jaundice in patients, 
have been found to produce more injury to suspensions of Chang cells (harvested from ussue culture) ~ 2 
and rabbit liver slices 3 than promazine and promethazine, drugs that very rarely produce recognizable 
hepatic injury In humans. Erythromycin estolate (EE), an agent known to cause jaundice in patients, 7 also 
has been reported to be much more toxic for Chang cells (as measured by enzyme leakage) than erythro- 
mycin base or erythromycin stearate, drugs which have not been recognized to produce hepatic inJury 
in humans. 8 Since Chang cells, originally of human embryonic liver origin, have undergone extensive 
dedifferentiation in tissue culture, 9 the vahdity of using them as a model of the reaction of the liver to 
injury may be open to question. Efforts to evaluate the relevance of models in vi tro,  therefore, have in- 
cluded the demonstration that perfusion of the rat liver, in t, i tro, with erythromycin 6 and phenothiazine 4'5 
derivatives leads to lmpazred function of the organ. 

The present report is concerned with further studies to develop a model in v i tro  for measurement of 
the potential for hepatotoxlclty of various drugs. For th~s purpose, suspensions of rat hepatocytes, pre- 
pared according to a modification of the method of Berry and Friend, ~° have been employed. In this met- 
hod hepatocytes are isolated by continuous recirculatlng perfusion of the rat liver with a calcmm-free 
Hanks' solution containing 0"05~o collagenase and 0"10~o hyaluronidase. As described by Berry and 
Friend,'° the hver is perfused in s i tu .  In the method employed in this laboratory, the liver is removed 
and promptly (within 3 min) perfused in t, ltro m a perfusion chanber (Metalloglass, Boston). All other steps 
in the isolation of the parenchymal cells are those described by Berry and Friend.~° 

The experiments were conducted immediately after harvestmg and counting the cells. To a 1.0 ml sus- 
pension of rat hepatocytes in normal saline, containing l0 s cells, was added 1.0 ml saline (control) or 
1.0 ml ethanol (U.S.P.) m saline, calculated to provide a final concentration of 1.7 mM/ml of ethanol (eth- 
anol control) or 1.0 ml of 1.7 mM/ml of ethanol containing EE, erythromycln-base (EB) or proprlonate 
(EP) or 1.0 ml sahne containing CPZ. Concentrations of EE, EB and EP employed ranged from 5 x 10- 6 
to 5 x 10-4M (Fig. 1); the concentration of CPZ was 5 x 10-4M. 

The cell suspensions were incubated for 30 min at 37 °, then centrifuged and the supernatants assayed 
for activity ofglutamic oxalacetic transaminase, (aspartate ammotransferase; GOT). In some of the exper- 
iments, enzyme acttvity residual in the cells also was measured. Data were analyzed for statistical variabi- 
lity and Student's t 1~ was used to test the significance of differences between the means 
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FIo. 1. Effects of three erythromycin dertvatives and of chlorpromazine on hepatocytes as reflected by 
leakage of enzyme. 
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Leakage of G O T  into the medium was reduced only by EE and by CPZ. A dose-related effect of  EE 
was demonstra ted (Fig. l) with the max i mum effect apparent  at a concentrat ion of 5 x 10-4M and the 
least at 5 × 10-5M. Concentrat ions of 10-5 and 5 x 10-6M led to leakage no different from that of con- 
trols. EB and EP, however, at all concentrations tested led to no greater enzyme leakage from cells than  
that of the control preparation. CPZ, at a concentration of 5 x 10- 4M, led to a degree of enzyme leakage 
approximately equal to that induced by EE at that concentration. 

The results of the present study, hke those employing Chang cells, 8 have demonstra ted a dose-related 
cytotoxlcity of EE, an agent known to produce jaundice m patients, but  no apparent  cytotoxlclty of  EB 
and EP, agents that apparently produce no hepatic injury m humans.  Studies of  the effects of phenothia- 
zines m models in vitro also demonstrate  a parellel between adverse effects on Chang cells and the reported 
ability of a drug to produce jaundice m humans.~'2 

Implicit m the employment  of  cells separated by the use of proteolyuc enzymes is the recognition that 
the plasma membranes  of the separated cells would differ from those of ceils in the intact liver. Neverthe- 
less, the demons t rauon  that low concentrations of drug lead to enzyme leakage no greater than that 
observed in controls and that higher concentrations lead to a dose-related effect supports  the validity of 
the model Furthermore,  the concentrations of drugs that lead to leakage from hepatocytes are approxi- 
mately the same as those of CPZ 1'2 and EE 8'~2 that were found to produce leakage of enzymes from 
Chang liver cells in suspension and to mterfere with bile flow and dye excretion by the perfused rat liver 
in L~IIFO. 4'6 

The lowest concentration of EE shown to have an effect on this model in vitro (5 x 10- 5M) is approxi- 
mately 20 times as high as the concentrations foundl3 m the blood of patients receiving therapeutic doses 
of the drug. Animal studies 14 indicate, however, that concentrations of EE in the liver are 15- to 150-fold 
those in the blood. Accordingly, if observations m the rat t4 can be extrapolated to humans,  concentrations 
of EE in the hver of patients who received therapeutic doses of the agent mLght be at least as high as 
those employed in the experiments m vitro of the present study. 

These observations suggest that toxicity m vitro may be relevant to an understanding of hepatic injury 
tn vit, o (m humans)  and are consistent with the hypothesis ~5 that apparent  hypersensitivity-dependent 
drug-induced hepatic injury also involves a direct, adverse effect of  the drug on the liver. 

The demonstra t ion that similar concentrations of drugs lead to a slmdar effect m several different 
models m t, itro supports  the biological validity of the several models. Hepatocyte suspensions, in their 
enzyme content and  metabolic actiwty, are similar to the intact liver, t° whde cells grown in t~ssue culture 
are notfl Accordingly, hepatocyte suspensions may be a more pertinent model for further exploration of 
models of  drug-induced hepatotoxlcity in vitro. 
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