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Abstract-In this second of a series of three papers relating patterns of response of 
rat liver enzymes to the administration of various chemical agents, the effects of DDT, 
halothane, DMN, ethionine, thioacetamide and various chlorinated hydrocarbons 
are compared. 

The estabiished toxins showed marked similarities, characterised principally by 
reductions in microsomal metabolism. DDT, a compound traditionally considered 
to be hepatotoxic, gave a pattern of response quite unlike that due to the toxins, as 
also did halothane. The DDT effect was similar to that produced by the barbiturates. 

IN THIS second paper, the results of the a~inistra~on of various halogenated com- 
pounds and hepatotoxins on the liver parameters indicated in the first paper1 are 
reported. In a previous report,2 the results of treatment with the well-established 
hepatotoxins, CC14 and thioacetamide, were found to be markedly different from 
those due to DDT, CPIB, I.C.I. 53,072 and barbiturates. We have, therefore, in the 
present group of experiments, examined a larger number of toxic compounds and 
results are reported following treatment with CCl4, chloroform, 1,1,2-tri~hloroethane 
(112-TCE), thioacetamide, dimethylnitrosamine (DMN) and ethionine. For compari- 
son, a chlorinated hydrocarbon reputed not to produce liver toxicity,3 viz. l,l,l- 
trichloroethane (11 I-TCE), has also been examined. 

In addition, similar studies have been made with Fluothane* (1) halothane; 
l,l,l-trifluoro-2-bromo-2-chloroethane) and DDT (2,2-b& (p-chloropheRyl)tri- 
chloroethan~). 

METHODS 

The methods used are given in the first of this series of papers.1 Details of the doses 
used and the duration of dosing are given in Table 1. 

RESULTS 

The effects of the various treatments on the whole body growth are shown in Table 2. 
DDT and Ill-TCE had no effect on growth, whereas IIZTCE, chloroform, CC14 

* ICI. Trade Mark. 
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(at 2000 mg/kg), DMN and ethionine virtually abolished growth. Halothane, CC14 
(at 200 mglkg) and thiocetamide produced marginal reductions in growth. 

Liver weight changes, protein concentrations and enzyme activities are given in 
Tables 3, 4 and 5-g respectively. 

TAWB 1. DETAILS OF EXPERIMENTS PERFORMED 

Expt. &mpounds 
no. investigated 

Dose given* 

- 
8 DDT 

Control 
9 1, I ,2-Trichloroethanej’ 

l,l,l-Trichloroetbane 
Co&r01 
Hatothane 

0.10% w/w in diet for 14 days. 
Powdered diet. 
180 mg/kg (0.125 ml/kg) p.o. for 7 days in liquid paratlin. 
1650 mgjkg (I.25 ml/kg) p.o, for 7 days in liquid paraffin. 
5 ml liquid paraffin/kg p.o. for 7 days. 
1870 mg/kg (I=0 ml/kg) p.o. for 14 days in liquid paraflin. 

750 mg/kg (0‘5 ml/kg) p.0, for 14 days in 
5 ml liquid paratFm/kg p.o. for 14 days. 
200 mg/kg (@I25 ml/kg) p.o. for 13 days 
5 ml liquid paraffin/kg p,o, for 13 days. 
2000 mg/kg (I.25 ml/kg) po. for 13 days 
5 ml liquid paraihnjkg p.o. for 13 days. 
O-025 % w/w in diet for 13 days. 
Powdered diet. 
10 mg/kg p-0. for 7 days. 
200 mg/kg p.o. for 7 days. 
5 ml water/kg p.o. for 7 days. 

liquid pamiEn. 

in liquid parathn. 

in liquid parathn. 

* Powdered diet given ad libitum for at least 7 days before dosing commenced. 
t 1,1,2-TCE was Iethal to our rats after 5-7 doses at double this dose (i.e. 360 mgjkg, 0.25 ml/kg); 

CHCla was 1ethaI to our rats after 3-4 doses at 2& times this dose (i.e. 1875 mgjkg, 125 ml/kg). 

Expt. 
no. 

Compound 

Mean body wt. (g) Ratio terminal to 
initial body wt. (%) 

Initial Terminal 

Treated Control Treated Controf Treated control 

1 
10 

:a 
13 
14 

DDT 

: :7:;:: 
Halothane 

ZFs 
ccl: 
Tbioa~~rn~de 
DMN 
Ethionine 

121 
122 
123 
115 
120 
160 
121 
121 
124 
119 

200 
132 
158 
171 

179 

:% 

187 
211 
203 

165 
108 
128.5 
149 
111 
126 

% 

1;: > 

169 
134 

160 
135 
163 
160 
130 

* Dosing schedules given in Table I. 

CC14 at both dose levels gave rise to a 35-38 per cent increase in the relative liver 
weight but chloroform induced a smaller ri.se of 8 per cent. Thioacetamide, in contrast 
to a previous observation,2 also caused liver enlargement, From literature evidence 
this effect of thioacetamide is to be expected. ~23 Both DMN and ethionine produced 
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a decrease of approximately 15 per cent in liver weight, whereas 112-TCE had no 
effect. 

Five of the six toxins examined reduced the microsomal protein concentration, 
1 l%-TCE being the only exception. Chloroform, CC14 (at the higher dose), DMN and 
ethionine also reduced cell-sap protein concentrations significantly, although the 
depression of microsomal levels was more pronounced in all cases. 

TABLE 3. LIVER WEIGHT CHANGES 

Expt. 
No. 

Compound 
Liver wt. : Body wt. ratio 

Per cent 
Mean control 

(g/100 g) f S.E.M. (N) 8lJ. P* 

8 DDT 651 0.14 (5) 4.7 129 0 
Control 5.05 0.15 

9 112-TCE 4.51 0.12 $ ;:; 
100 

ns 
ill-TCE 4.96 0.16 

lZ2.5 
n:s: 

Control 4.70 0.16 $1 77:: 

10 Halothane 5.50 0.21 CHCh 4.98 0.16 {Zj ;:; :: 108 : 
Control 4.61 0.10 

11 cc14 6.26 0.22 I:; ::; :E 9 

%Ytrol 
4.53 

12 
Con&o1 

6.56 ::z 
(5) 

;:: :: 8 
4.87 0.11 

$1 
100 

13 Thioacetamide 5.55 0.15 ;:; 120 § 

%%Iol 
4.61 0.07 

{:; 
100 

14 3.92 0.21 (4) 12 : 83.5 : 
Eto;;i;l 4.06 4.69 0.14 0.07 lz!l : 

* P-Treated group compared with control group by Student’s t test 
n.s.-P > 0.10, not significant. 

t P < 0.10. 
: P < 0.01. 
Q P < 0.001. 

All six toxins reduced the activity of microsomal AP-demethylase (Table 5); DMN 
and particularly ethionine virtually abolished this function of the NADPHe-electron 
transport chain, but NADPHz-cyt: c reductase activity was less profoundly affected, 
ethionine and 112-TCE having no observable effect. 

NADHz-cyt. c reductase activity (Table 6) was reduced by llZTCE, CC14, thio- 
acetamide and DMN but not by either ethionine or chloroform. G6Pase activity was 
also reduced by the majority of these toxic compounds, 11ZTCE being the only 
exception; LDH and GDH activities were generally reduced, although the degree of 
reduction varied considerably. Ethionine elicited a rise in GDH activity in experiment 
14 but the significance of this observation is doubtful. 

The most striking effect of all 6 compounds was the large increase in G6PDH 
activity, associated with a marginal reduction of PGDH activity. The G6PDH 
activity was at least doubled and in the case of CC14 and thioacetamide was increased 
3 to 4-fold. 

11 I-TCE 

The response of the liver to this agent 
significant changes being the increases in 
concentrations. 

was generally unremarkable, the most 
both microsomal and cell-sap protein 
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DDT 
The response of the liver to this agent was well-defined; in particular, highly 

si~i~cant increases in relative liver weight, ~crosomal protein concentration, 
NADPHs-cyt. c reductase, AP-demethylase and PGDH activities were observed. 
G6Pase, LDH, and GDH activities were significantly reduced whereas cell-sap 
protein concentration and NADHa-cyt. c reductase activity were unaffected. The effect 
on G6PDH activity was anomalous when compared with previous results; the insigni- 
ficant increase found here was in contrast to the reduced activity previously found in 
this and other laboratories.s*4 

Halothane 
Halothane produced liver enlargement, but had no effect on microsomal protein 

concentration. Cell-sap protein concentration was apparently reduced by some 
8 per cent compared with controls. Like diphenylhydantoin~ halothane had a differ- 
ential effect on the components of microsomal NADPHs-electron transport, NADPHz- 
cyt. c reductase activity being doubled whereas AP-demethylase was not affected. 

NADHs-cyt. c reductase activity was not changed, but GGPase in this experiment 
was significantly increased in marked contrast to the effect of the toxic agents. Halo- 
thane was the only compound examined apart from the CPIB-type compounds1 to 
produce an elevated level of LDH activity. Both GDH and PGDH activities were 
reduced, but G6PDH activity was doubled. 

DISCUSSION 

The biochemical results in this paper are in general agreement with previous 
observations from this and other laboratories; CCl4, chloroform and thioacetamide 
have been shown to increase the relative liver weight, -2.5~17~33 CC14 inhibits microsomal 
protein synthesis,l* an effect also seen after DMN,ls ethionineia and thioacetamide;20 
DDT has been found to raise both liver weight4J4J3 and microsomal protein con- 
centration and to stimulate microsomal protein synthesis.21 These effects on protein 
synthesis agree with the levels of protein observed in these experiments. CC14 reduces 
both microsomal drug metabolism (e.g. ref. 22) and G6Pase activity2r23 and raised 
G6PDH activity;2va3 thioacetamide has been shown to reduce the metabolic conversion 
of pentobarbitone in vivo,a4 to reduce G6Pase activity,e?23 and to increase G6PDH 
activity,2 although Feuer et a1.23 were unable to demonstrate this change; DMN and 
ethionine have similar effects on these parameters.23 In contrast, DDT stimulates 
microsomal, oxidative drug metabolism,s1~25Js produces a marginal reduction in 
G6Pasea and reduces GGPDH activity, 2~4 although the latter effect does not agree 
with the result found in the present experiment. The results of treatment with CCl4, 
thioacetamide and DDT on rat liver LDH, GDH and PGDH activities confirmed 
previously reported results.2 The results of halothane treatment of rats, however, 
did not conform with those reported by Kunz et aZ.27 in mice, but Remmer (see ref. 36) 
found halothane to have no stimulatory effect on rat liver microsomal drug metabolism, 
a result confirmed by the present findings. 

The results in this paper can be grouped into three distinct patterns of response, 
designated VI-VIII, as shown in Table 9. 

CC14 is probably the most investigated liver toxin and an extensive review of this 
agent by Recknagel has recently appeared.7 The main morphological features of CC14 
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hepatotoxicity are centrilobular necrosis and fatty infiltration (e.g. ref. 8). Thio- 
a&amide produces centrilobular necrosis5 but only minor changes in the fat content 
of the liver.9 DMN gives rise to ~nt~lobular necrosis and fatty i~ltrationl”~~ and 
is also an hepatic carcinogen.11 Ethionine in contrast does not give rise to a centri- 
lobular necrosis but does produce a fatty liver (e.g. ref. 12). In this study, the toxic 
group of compounds (pattern VI) showed some minor differences in the way various 
parameters reacted (see footnotes to Table 9), but despite these differences there was a 
marked degree of similarity between all six agents, characterised by the following 
changes : 

(i) marked reductions of both G6Pase and AP-demethylase activities 
(ii) marked increase of G6PDH activity 

(iii) significant reductions of NADH s- and NADPHz-cyt. c reductases, micro- 
somal and cell-sap protein levels and also of extra-microsomal oxidoreductase 
activities. 

Liver enlargement was not associated with the pattern of response observed. 
Klaassen and Plaaa compared the degree of hepatic dysfunction induced in mice by a 
series of halogenated hydrocarbons and showed that chloroform and CC14 produced 
moderate to severe damage, 11ZTCE produced moderate damage and Ill-TCE 
produced only mild dysfunction even at near-lethal doses..The biochemical changes 
correlated well with this assessment in that 11ZTCE showed less si~~cant changes 
than those induced by either CC14 or chloroform; 11 1-TCE was without significant 
effect on those parameters most notably affected by the toxic analogues, viz: AP- 
demethylase, G6Pase and G6PDH activities. The lower dose of CC14 used in experi- 
ment 11 (200 mg/kg) showed effects equal to those from the higher dose used in 
experiment 12 (2000 mg/kg) on the microsomal enzymes and also G6PDH activity, 
but the higher dose elicited greater changes in extra-~crosomal PGDH, GDH and 
LDH activities and also in cell-sap protein concentration. 

DDT is traditionally considered to be hepatotoxic since it produces liver enlarge- 
ment and some fatty infiltration in the rat. 1~4 Centrilobular necrosis is rarely observed, 
however, and then only as a terminal event at high doses.13 Ortegai5J’J could find no 
evidence of necrosis nor any clinical evidence of toxicity in rats fed a diet containing 
as much as 1000 ppm (the dose used in the present study) for up to 18 months, and 
on the basis of electron-microscopical evidence (to be discussed latei?) has suggested 
that the effect of DDT on the liver should be re-evaluated.16 The present studies have 
shown that the DDT-pattern of response (pattern VII) was completely different from 
that due to the toxic compounds particularly in respect of microsomal drug metabolism 
and microsomal protein concentration. This pattern of response was identical to that 
of the barbiturates found in the first paper of this series,1 although an equivocal 
response of G6PDH was observed after DDT. 

Considerable controversy has arisen in recent years on whether halothane produces 
liver damage in man, but the extensive retrospective survey carried out by the National 
Research Council in the USA .sr effectively refuted this implication. Studies in 
experimental animalsss-34 have also indicated that halothane is not hepatotoxi~. 
Rees and Zuckermanns5 in experiments using human, embryonic liver tissue-cultures 
were unable to find any abnormalities due to halothane, whereas chloroform induced 
necrosis and fatty infiltration analogous to its effects in rat liver. In the present experi- 
ments, where halothane was given orally, i.e. more compound would be expected to 
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reach the liver more rapidly than after inhalation, the changes induced in the liver 
(pattern VIII) were quite distinct from those produced by the established toxic agents. 
There was, however, some resemblance to the CPIB-type response (pattern IVi), 
particularly in that liver enlargement was associated with equivocal effects on drug 
metabolism, and also with marked elevations of both G6PDH and LDH activities. 
Schimassek et al.28 have suggested from experiments in mice that halothane exerts its 
principal effect on the liver by changes in mitochondrial metabolism, a postulate 
also advanced for the action of CPIB,sgJO but other evidence suggests that both 
agents may have a primary effect on the endoplasmic reticulum (see the third paper 
in this seriess). 

It is clear from the results presented here that DDT and halothane induce a very 
different pattern of response in rat liver to that produced by established toxic agents. 
All the agents examined, however, induced changes in microsomal metabolism and in 
extra-microsomal oxidoreductase activities, an effect which seems to be common to a 
wide variety of agents foreign to the animal body.1a2*6 

The wider implications of these results are discussed in the third paper of this series6 
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