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Abstract-Infection of mice with encephalomyocarditis virus had a marked effect on drug biotransfor- 
mation in the liver. The levels of cytochrome P-450 and cytochrome bs and aminopyrine N-demethylase 
activity were significantly decreased 3 days after the administration of lethal and sublethal doses of 
virus. Interferon was detected in serum at doses of virus that produced decreased drug biotransformation. 
Cytochrome P-450 content and aminopyrine N-demethylase activity remained at normal levels for the 
first 2 days following infection before reaching a maximum decrease on days 3 and 4. Concentration 
of interferon in the serum of infected mice appeared on day 2 of infection and reached peak levels on 
day 3. Increased heme oxygenase activity was associated with the decrease in cytochrome P-450 level 
during the infection. These studies indicate the existence of an interaction between virus infection and 
cytochrome P-450-dependent drug biotransformation. This may cause adverse toxic effects during the 
use of drugs that depend on the hepatic mixed function oxidases for elimination. 

The cytochrome P-450-dependent drug oxidizing sys- 
tem located in hepatic endoplasmic reticulum can be 
affected by a large number of endogenous and 
exogenous factors [ 11. Several agents that stimulate 
certain aspects of the immune system [2] and agents 
that induce the formation of interferon [3] have been 
shown to depress hepatic cytochrome P-450 levels 
and related drug biotransformation. Though both of 
these processes are involved in the response of the 
host to viral infections, little information exists on 
drug biotransformation during episodes of such 
infections. The present study was designed to deter- 
mine if hepatic cytochrome P-450-dependent drug 
oxidation can be altered during the course of viral 
infection. 

MATERIALS AND METHODS 

Male Swiss random bred mice (20-30 g) were 
obtained from Bio-Breeding Laboratories, Ottawa, 
Ontario, and were allowed to acclimatize in our 
facilities for at least 10 days before use. Encephalo- 
myocarditis (EMC) virus was obtained from Dr. 
S. Lee, Department of Microbiology, Dalhousie 
University, Halifax, Nova Scotia, and was stored at 
-75”. The stock virus used in these experiments was 
assayed by plaque formation using mouse L-929 cells, 
and contained 1.8 x 10’ p.f.u./ml. 

Hepatic microsomes were prepared as described 
by El Defrawy El Masry et al. [4] and utilized on the 
day of preparation. Protein was determined by the 
method of Lowry et al. [S] using bovine serum albu- 
min as a standard. 

Cytochrome P-450 and cytochrome 6s levels in 
microsomes were determined by the method of 
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Omura and Sato [6] using extinction coefficients of 
91 mM_’ cm-’ and 171 mM_’ cm-’ respectively. 
Aminopyrine N-demethylation was determined by 
the method described by Sladek and Mannering [7]. 
Heme oxygenase activity was determhed by the 
method of Tenhunen et al. [8]. Interferon was 
assayed in L-929 cell monolayers by the plaque 
reduction method using vesicular stomatitis virus 
(Indiana strain) as the challenge virus [9]. The 
amount of interferon required for 50 per cent plaque 
reduction was defined as 1 plaque reduction dose 
(1 PRDso unit). 

RESULTS 

The lethality of the batch of EMC virus used is 
illustrated in Fig. 1. No animals died at any dose of 
virus during the first 3 days or at anytime following 
the injection of doses of virus of 1.8 x 10e3 p.f.u. or 
less. Hepatic cytochrome P-450 and cytochrome b5 
levels and aminopyrine N-demethylase activities in 
animals infected for 3 days with various doses of 
EMC virus are shown in Fig. 2. All three indices 
were decreased significantly at doses of virus of 
1.8 X lo-‘p.f.u. and greater. Body weight, liver 
weight, and microsomal protein levels were 
unchanged at all doses of virus. EMC virus doses 
greater than 1.8 x lo-* p.f.u. produced significant 
levels of interferon in the serum of mice infected for 
3 days (Table 1). The dose of virus selected for the 
remaining experiments was 1.8 x 10-l p.f.u. which 
produced 33 percent deaths within 5 days of virus 
administration. 

The time course of the changes in the hepatic 
microsomal mixed function oxidase system and the 
appearance of interferon in the serum following 
infection of Swiss strain mice by EMC are illustrated 
in Fig. 3. Cytochrome P-450 and aminopyrine N- 
demethylase remained at normal levels for 2 days 
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Fig. 1. Mortality of Swiss strain mice during infection with 
encephalomyocarditis virus. Results are expressed as 
cum&ative mortality on a daily basis followingthe admin 

istration of virus (n = 20, each group). 
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Table 1. Serum interferon levels in mice infected with 
encephalomyocarditis virus for 3 days* 

EMC (p.f.u./mouse) Interferon (PRDw units/ml) 

Control <13, <13, <13 
1.8 x 10 432, 234, 100 
1.8 120, 320 
1.8 x 10-l 180, 520, 180, <20 
1.8 x 1O-2 78, ~26 
1.8 x 1O-3 <13, <13, <13 

* Each value is the serum interferon level determined 
in an individual mouse. 

follwing virus administration and then decreased by 
more than 40 percent on day 3, compared to control 
noninfected animals killed on the same day. By day 
5 the levels appeared to be recovering toward normal 
values. Interferon levels in the serum were below 
detectable levels in serum until day 2 of infection 
and reached a maximum level of 214 f 
44 PRD.T~ units/ml on day 3. 

Heme oxygenase activity in hepatic microsomes 
prepared from Swiss mice infected with 1.8 X 10-l 
p.f.u. of EMC virus for various times is illustrated 
in Fig. 4. Heme oxygenase activity was similar to 
that found in the control animals for 2 days following 
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Fig. 3. Cytochrome P-450 (% of control) and aminopyrine 
N-demethylase activity in hepatic microsomes, and inter- 
feron concentration in serum, at various times following . 

Fig. 2. Cytochrome P-450 and cytochrome bs concentra- the infection of Swiss mice with 1.8 X 10-‘p.f.u. ence- 
tions and aminopyrine N-demethylase activity in hqatic phalomyocarditis virus. Each value is the mean 2 S.E. of 
mi&osomes prepared from Swiss strain mice infected with eight individual mice. Means of control values were as 
various doses of encephalomyocarditis virus. Determina- follows: cytochrome P-450 (0- -0) = 0.652 nmole/mg pro- 
tions were carried out 72 hr after administration of the tein; aminopyrine N-demethylase (U) = 430 2 28 
virus. Each value is the mean f S.E. of six individual nmoles HCHO/mg protein. hr-‘. Serum interferon levels 

mice. (x- -x) are expressed as PRDso units/ml. 
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Fig. 4. Heme oxygenase activity in hepatic microsomes 
prepared at various times following the infection of Swiss 
strain mice with 1.8 x 10-r p.f.u. encephalomyocarditis 
virus (O-O). Control mice (c3) were maintained 
under identical conditions and killed on the same day. Each 

value is the mean + SE. of eight individual mice. 

administration of the virus but was significantly 
increased on days 3 and 4. On day 5 heme oxygenase 
activity had returned to control levels. 

DISCUSSION 

This study demonstrates that decreased cyto- 
chrome P-450 levels and diminished drug oxidation 
capacity occur in liver microsomes during the course 
of an infection with EMC virus in the mouse. These 
results are similar to those reported by Renton and 
Mannering [3] who reported that, in the rat, drug 
oxidation was depressed following the administration 
of lethal doses of Mengo virus which is antigenically 
indistinguishable from the EMC virus used in the 
present studies. Previously, other workers have dem- 
onstrated that murine hepatitis virus decreases hexo- 
barbital oxidation [lo] and cytochrome P-450 levels 
[ll] in the liver. In the duck, hepatitis virus depresses 
certain drug oxidation reactions and also enhances 
induction of cytochrome P-450-mediated oxidations 
by l,l,l-trichloro-2,2-bis(p-chlorophenyl) ethane 
(DDT) [12,13]. In humans, hepatitis virus has been 
reported to have a variable effect on drug biotrans- 
formation and can increase, decrease, or leave 
unchanged the half-life of a number of different 
drugs [14]. The present results support the idea that 
cytochrome P-450 and drug biotransformation can 
be altered by viral infections other than hepatitis 
virus. However, even though the primary patho- 
logical changes occur in the CNS and heart during 
infection with EMC virus, the cells in most other 
tissues including the liver are infected with this virus 
[15]. EMC virus titres achieved in the liver are com- 
parable to most other tissues and can be as high as 
those found in the brain or heart. 

The decrease in cytochrome P-450 content and in 
drug oxidation during infection with EMC virus is 
similar to that reported when animals are treated 
with a number of other agents that can stimulate 
host defense mechanisms. These agents have 

included interferon inducers ]31, Bacillus 
Calmette-Guerin (BCG) [16], Corynebacterium par- 
vum [17], Escherichia coli endotoxin [18], Plusmo- 
dium berghei [ 191 and pyran copolymers [20]. Renton 
and Mannering [3] have suggested that these reduc- 
tions may result from interferon production or from 
a process involved in the antiviral action of inter- 
feron. In the present experiments, interferon levels 
in serum from mice were increased at doses of virus 
causing decreased cytochrome P-450 levels. Further, 
the time course of interferon production corre- 
sponded to the times when cytochrome P-450 and 
drug biotransformation were reduced. These results, 
therefore, are consistent with the idea that a rela- 
tionship exists between the two. It is still unclear, 
however, if individual factors, such as interferon 
production, immune stimulation, reticuloendothelial 
cell stimulation or a combination of more than one 
of these are involved in the decrease in drug bio- 
transformation that is observed during the viral 
infection. 

Heme oxygenase activity increased on day 3 of 
infection and corresponded to the time when cyto- 
chrome P-450 decreased. Increased heme oxygenase 
activity associated with a decrease in cytochrome 
P-450 in the liver has been described for a number 
of different agents [21-241. In a recent paper, El 
Azhary and Mannering [24] suggested that 
interferon-inducing agents cause an increase in the 
magnitude of the regulatory heme pool by increasing 
heme dissociation from hemoproteins or by depress- 
ing synthesis of the apoprotein P-450. An increase 
in the heme pool results in an induction of heme 
oxygenase by the excess heme. The increase in heme 
oxygenase during viral infection may be caused by 
a similar interferon-mediated mechanism. This 
depressant effect is not confined to cytochrome P- 
450 alone. Another heme-containing enzyme, tryp- 
tophan 2,3_dioxygenase, is also decreased by 
interferon-inducing agents [24] and during infection 
with Sindbis Virus [25]. 

These studies raise the important possibility that 
drug biotransformation capacity for certain drugs 
metabolized by the cytochrome P-450-dependent 
mixed function oxidase system may be impaired dur- 
ing episodes of viral infection in man. The occurrence 
of such an effect is suggested by the work of Chang 
et al. [26] who described increased theophylline 
half-life in six patients with upper respiratory tract 
viral infections, and by the report of Fleetham et al. 
[27] who described increased theophylline levels in 
a single patient during infection with influenza virus. 
More recently, Woo et al. [28] described several 
cases of theophylline toxicity during respiratory 
infections. In our own laboratory, we have dem- 
onstrated increased theophylline levels in three 
patients receiving chronic theophilline therapy fol- 
lowing vaccination with influenza vaccine [29]. In 
,the same study the half-life of a single dose of theo- 
!phylline was increased by more than 100 percent in 
four normal volunteers 24 hr after vaccination with 
influenza virus vaccine. An influenza virus (RP-8- 
34-60) has also been shown to depress lung 
benzo[a]pyrene activity in the mouse [30]. 

Several workers have reported that the induction 
of drug biotransformation in animals by certain 
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chemical agents can be enhanced during a concom- 
itant viral infection [lO,ll]. Doshi et al. [31] dem- 
onstrated the occurrence of hyperplasia of the 
endoplasmic reticulum and an increase in pentobar- 
bital hydroxylase activity during the regenerative 
phase of acute viral hepatitis in man. Recently, 
Leppik et al. [32] reported a single case in which 
phenytoin elimination was increased in a patient with 
infectious mononucleosis. Each of these reports con- 
cerning increased drug oxidation during a viral infec- 
tion involves a situation in which proliferation of the 
endoplasmic reticulum occurs. Drug biotransfor- 
mation appears to be depressed in situations where 
the endoplasmic reticulum is normal, as in the study 
reported here. These studies indicate the existence 
of an interaction between drugs and viral illness 
which has the potential to cause adverse toxic effects 
during the use of certain drugs. 

Acknowledgement-The author acknowledges the excel- 
lent technical assistance of Mrs. Bueno-Espiritu. 

REFERENCES 

1. B. Testa and P. Jenner, Drugs and the Pharmaceutical 
Sciences (Ed. J. Swarbrick), Vol. 4, 329, Marcel Dek- 
ker, New York (1976). 

2. P. W. Mullen, Br. J. clin. Pharmac. 4, 694 (1977). 
3. K. W. Renton and G. J. Mannering, Biochem. biophys. 

Res. Commun. 73, 343 (1976). 
4. S. El Defrawy El Masry, G. M. Cohen and G. J. 

Mannering, Drug Metab. Dispos. 2, 267 (1974). 
5. 0. H. Lowry, N. J. Rosebrough, A. L. Farr and R. 

J. Randall, J. biol. Chem. 193, 265 (1951). 
6. T. Omura and R. Sato, J. biol. Chem. 239,237O (1964). 
7. N. E. Sladek, and G. J. Mannering, Molec. Pharmac. 

5, 174 (1969). 
8. R. Tenhunen, H. S. Marver and R. Schmid, J. biol. 

Chem. 244, 6388 (1969). 
9. M. V. O’Shaughnkssy, S. H. S. Lee and K. R. Rozee, 

Can. J. Microbial. 18. 145 (1972). 
10. R. Kato, Y. Nakamura and E.‘Chiesara, Biochem. 

Pharmac. 12, 365 (1963). 

11. G. Budillon, M. Carrella and M. Coltori, Experientia 
28, 1011 (1972). 

12. S. J. Buynititzky, G. 0. Wade and W. L. Ragland, 
Toxic. aupl. Pharmac. 46. 267 (1978). 

13. W. L. Ragland, D. V. Friend and N. E. Siadek, Res 
Commun. Chem. Path. Pharmac. 2, 236 (1971). 

14. M. Rowland, T. F. Blaschke, P. J. Meffin and R. L. 
Williams, in The Effect of Disease State on Drug Phar- 
macokinetics (Ed. L. Z. Benet), p. 53. American Phar- 
maceutical Association, Washington (1976). 

15. L. Dickinson and A. J. Griffiths, Brit. J. exp. Path. 47, 
35 (1966). 

16. D. Farquhar, T. L. Loo, J. U. Gutterman, E. M. Hersh 
and M. A. Luna, Biochem. Pharmac. 25,1529 (1976). 

17. L. F. Soyka, W. G. Hunt, S. E. Knight and R. S. 
Foster, Cancer Res. 36, 4425 (1976). 

18. R. Gorodischer, J. Krasner, J. J. McDefitt, J. P. Nolan 
and S. J. Yaffe, Biochem. Pharmac. 25, 351 (1976). 

19. J. S. McCarthy, R. L. Furrier, K. Van Dyke and R. 
E. Stitzel, Biochem. Pharmac. 19, 1341 (1970). 

20. D. W. Barnes, P. S. Morahan, S. Loveless, and A. E. 
Munson, J. Pharmac. exp. Ther. 208, 392 (1979). 

21. M. D. Maines and A. Kappas, Science 198,1215 (1977). 
22. J. Jarvisalo, A. H. Gibbs and F. De Matteis, Molec. 

Pharmac. 14, 1099 (1978). 
23. D. M. Bissell and L. E. Hammaker, Archs. Biochem. 

Biophys. 176, 91 (1976). 
24. R. El Azhary and G. J. Mannering, Molec. Pharmac. 

15, 698 (1979). 
25. R. N. Moore, L. J. Berry, R. F. Garry and M. R. F. 

White, Proc. Sot. exp. Biol. Med. 157, 125 (1978). 
26. K. C. Chang, B. C. Laver, T. D. Bell and H. Chai, 

Lancet 1, 1132 (1978). 
27. J. A. Fleetham, K. Nakatsu and P. W. Munt, Lancer 

2, 898 (1978). 
28. 0. F. Woo, J. R. Koup, M. Kraemer and W. 0. 

Robertson, Vet Human Toxic. 22, (Suppl.), 48 (1980). 
29. K. W. Renton. R. Hall and J. Grav. Can. med. Ass. 

J. 123, 288 (1980). 
, 

30. T. H. Corbett and P. Nettesheim, J. natn. Cancer Inst. 
50, 779 (1973). 

31. J. Doshi, A. Luisada-Opper and C. M. Leevy, Proc. 
Sot. exp. Biol. Med. 140, 492 (1972). 

32. I. E. Leppick, V. Ramani, R. J. Sawchuk and R. J. 
Gumnit, New Engl. J. Med. 300, 481 (1979). 


