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CREEL, D., D. E. SHEARER AND P. F. HALL. Differences in cytochrome P-450 o.f various strains o f  rats following 
chronic administration of  pentobarbital. PHARMAC. BIOCHEM. BEHAV. 5(6) 705-707, 1976. - Cytochrome P-450 
levels were analyzed in rats of two pigmented (black Long-Evans and ACI) and two albino strains (Fischer 344 and 
Sprague-Dawley) following the administration of pentobarbital sodium and physiological saline. Differences between the 
albino vs pigmented strains were observed following injections of saline. The Fischer 344 albino strains responded similarly 
to the pigmented strains following a progressively increasing dose schedule of pentobarbital sodium. 

Strain differences Cytochrome P-450 Albino Pentobarbital 

INDUCTION of microsomal  enzymes  in the liver is 
apparent ly the most  impor tan t  system involved in the 
metabol ism of barbiturates [1 ,4 ,10] .  The response of  the 
liver to barbiturates is greatly inf luenced by a number  of  
variables including species [4, 6, 16], strain within species 
[3, 7, 8, 9, 18],  age [131 and sex [11,17] .  

]It has been repor ted  by Shearer et al. [18] and Collins 
and Lot t  [3] that  the lethal dose (LD50)  for pentobarbi ta l  
sodium administered intraper i toneal ly  was significantly 
lower for several albino strains as compared  to p igmented 
strains of  rats, suggesting differing degrees of  microsomal  
enzyme induct ion  correlated with pigmentat ion.  The 
major i ty  of  previous research concerning the ability of 
hepatic  microsomal  systems to metabol ize  barbiturates has 
been carried out  using phenobarbi tal .  The present study 
was designed to determine whether  differences exist in 
levels of  hepat ic  cy toch rome  P-450 be tween  several albino 
and pigmented strains of rats fol lowing the adminis t ra t ion 
of progressively increasing doses of pentobarbi ta l  sodium. 

METHOD 

The exper imenta l  animals were of  two albino and two 
pigmented strains of  rats. The albino rats were 34 animals 
of  the Sprague-Dawley strain (Sim:SD) and 34 animals of 
the Fischer 344 strain (F344/Sim) .  Pigmented strains were 
represented by 33 rats of the solid-black-pelted Long-Evans 
strain [Blu: (LE)BR] and 35 rats of  the ACI (ACI /S im)  
strain. All animals were males in good heal th  and wi thout  
previous exposure to drugs. The rats were housed individu- 

ally in a standard animal laboratory  colony and maintained 
on feed and water ad lib. The studies were conducted  so 
that different  strains were kept  in cages at random. We were 
cognizant  of the possibility that  intake of  substances 
present in food and bedding might be capable of  inducing 
hepatic microsomal  P-450 [20] and efforts  were made to 
reduce this possibility to a minimum.  The age of the 
animals was approximate ly  90 days at the beginning of the 
drug-injection schedule. 

The drug-treated groups of rats were injected intra- 
peri toneal ly with pentobarbi ta l  sodium at the same t ime of 
day fol lowing six hours of  food deprivation.  The inject ions 
were given once per week for five consecutive weeks, 
increasing by 10 mg/kg each week from 10 mg/kg to 50 
mg/kg. No infect ions of inject ion sites or behavioral  
changes were observed during the course of  the progressive 
dosing schedule. The higher dose levels of  pentobarbi ta l  
used produced sedation for several hours but  within 24 
hours the rats appeared normal.  The control  group of  rats 
were treated in the same way except  that physiological 
saline was used instead of pentobarbi ta l  sodium. 

Four  hours fol lowing the fif th and final inject ion of 
pentobarbi ta l  (50 mg/kg) the rats were decapitated and the 
hepatic  microsomes were prepared by an already estab- 
lished me thod  [14] .  Cy tochrome P-450 was measured as 
the carbon monox ide  complex described by Omura and 
Sato [15] .  Protein was determined by the me thod  of 
Lowry et al. [12] .  The exper iment  was first conduc ted  on 
half the animals of each strain and then repeated with the 
o ther  half  in a second exper iment .  
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T A B L E  1 

CYTOCHROME P-450 IN ALBINO AND PIGMENTED STRAINS OF 
RATS FOLLOWING SALINE INJECTION 

Cytochrome P-450 
Rats Experiment (n moles/mg Protein) 

Sprague-Dawley* 1 0.23 _+ 0.04 
2 0.29 ± 0.05 

Black Long Evans+ I 0.39 ± 0.06 
2 0.41 + 0.05 

Fischer 344* 1 0.34 + 0.03 
2 0.31 ± 0.06 

ACI+ 1 0.54 ± 0.02 
2 0.51 + 0.04 

p<0.01 

p<0.05 

*Albino. 
?Pigmented. 
Rats receiving only saline injections were killed and cytochrome 

P-450 was measured as described in the text. The values for P-450 
are means and standard errors of the mean; p values are computed 
on the combined values for the two experiments in each group. 

T A B L E 2  

MAXIMAL RESPONSES OF CYTOCHROME P-450 TO PENTOBARB1- 
TAL SODIUM 1N ALBINO AND PIGMENTED STRAINS OF RATS 

Cytochrome P-450 Mean Increase 
Rats (n moles/mg Protein) Above Control 

Sprague-Dawley* 0.40 ± 0.03 0.14 
Black Long Evans? 0.75 _+ 0.04 0.35 
Fischer 344* 0.69 _+ 0.06 0.36 
ACIt 0.98 ± 0.07 0.46 

*Albino. 
+Pigmented. 
Rats of all strains were treated with pentobarbital as described in 

the text. Values for P-450 are means and standard errors of the 
mean. 

RESULTS 

Statistical analysis of the data (group t-tests, s tandard 
error of the mean, and means) indicated differences in the 
amount  of cy toch rome  P-450 (n moles /mg prote in)  
be tween strains of rats. 

Table I indicates the amounts  of cy toch rome  P-450 
measured in strains of rats following the saline-injection 
schedule. Reliable differences were obta ined between the 
p igmented black Long-Evans (BLE) and the albino Sprague- 
Dawley (SD) rats (p<0.01) .  Reliable differences were also 
seen be tween the p igmented ACI and the albino Fischer 
344 rats (p<0.05) .  On combining both  p igmented (BLE, 
ACI) and albino (SD, 344) P-450 values, a reliable 
difference of p<0 .05  was obtained.  The results were 
verified in each strain when repeated with a second group 
of ainmals, i.e. Exper iment  2. 

Table 2 shows the maximal response of cy toch rome  
P-450 as a result of the adminis t ra t ion of  a progressive 

dosing schedule of pentobarbi ta l  sodium. The response of 
the cy toch rome  P-450 to pentobarbi ta l  sodium also indi- 
cated possible albino vs p igmented differences.  However, by 
comparing the P-450 values in Tables 1 and 2 it can be seen 
that  this difference was not  consis tent .  The Sprague-Dawley 
albinos showed less overall P-450 and an accompanying  
smaller increase following the adminis t ra t ion of pento-  
barbital than the three o ther  strains (BLE, ACI, and 344) 
and the Fischer 344 albino strain responded similarly to the 
p igmented strains. 

DISCUSSION 

The results which indicate differences be tween these 
strains in the c y t o c h r o m e  P-450 levels fol lowing administra- 
tion of  saline are consis tent  with existing reports  of 
differences be tween rats of the Long-Evans and those of 
various albino strains. However, reliable differences 
between the albino and p igmented  strains used in this s tudy 
were not  observed following the adminis t ra t ion of pento-  
barbital sodium. The P-450 level in the rats of the Fischer 
344 albino strain rose to approximate ly  the same level as in 
rats of the p igmented  strains (see Tables 1 and 2). This 
observat ion does not ,  however,  exclude the possibili ty that 
strain dif ferences  correlated with melanin p igmenta t ion  
may exist in the rates at which levels of P-450 increase in 
response to drugs since no measurements  were made before 
the inject ion schedule had been comple ted .  

(;reel, Shearer and Wilson [ 5 ] repor ted  differences in the 
median lethal dose of pentobarbi ta l  sodium and in the 
visually evoked responses of albino and p igmented  strains 
of rats. They suggested that  differences be tween  strains 
possibly reflect a deficiency in the ability of Hol tzman 
albino rats to metabolically cope with increasing doses of 
pentobarbi tal .  

Shearer et al. l l8 l  fur ther  repor ted  significant differ- 
ences in the lethal dose (LDs0)  of pentobarbi ta l  sodium 
between several albino and p igmented  strains of  rats given a 
progressive dosing schedule.  Differences in morta l i ty  may 
or may not  be significantly correlated to p igmenta t ion  of 
the eye or pelt. In spite of this, there are apparent  strain 
differences,  especially when rats of the Long-Evans strain 
are compared  to albino strains [3, 7, 8, 9, 18]. The hepatic 
metabol ism of rats of the Sprague-Dawley, t to l tzman and 
and Wistar albino strains appear to be less responsive to the 
adminis t ra t ion of phenobarbi ta l  than that  observed in the 
p igmented Long-Evans rat [ 19]. These differences be tween  
strains appear to be reliable. Jori at al. [91 have repor ted  
differences in reactivity to phenobarbi ta l  even be tween rats 
of lhe p igmented Long-Evans strain that  were obtained 
from dif ferent  sources. 

Barbiturates,  regardless of the route of adminis t ra t ion,  
bring about  the induct ion of microsomal  enzymes ,  struc- 
tural changes, proliferat ion of the smooth  endoplasmic  
ret iculum and gross enlargement  of the liver in a strain of 
albino rat [2] .  It would be of interest  to de termine  whether  
these findings are generalized to o ther  strains of rat. In this 
connect ion ,  studies per formed with o ther  less familiar 
strains of Rat?us rat tus and R a t t u s  norvegicus,  may prove 
rewarding. 



S T R A I N  D I F F E R E N C E S  IN R A T  TO P E N T O B A R B I T A L  707 

REFERENCES 

1 Adachi, Y. and T. Yamamoto. Influence of drugs and 
chemicals upon hepatic enzymes and proteins. 1. Structure- 
activity relationship between various barbiturates and micro- 
somal enzyme induction in rat liver. Biochem. Pharmac. 25: 
663-668,  1976. 

2. Burger, P. C. and P. B. Herdson. Phenobarbital-induced fine 
structural changes in rat liver. Am.  J. Pathol. 48: 793-803,  
1966. 

3. Collins, T. B., Jr. and D. F. Lott. Stock and sex specificity in 
the response of rats to pentobarbital sodium. Lab. Anita. Sci. 
18: 192-194,  1968. 

4. Conney, A. H. Pharmacological implications of micromosomal 
enzyme induction. Pharrnac. Rev. 19: 317-366,  1967. 

5. Creel, D., D. Shearer and C. E. Wilson. Effects of increasing 
dose levels of pentobarbital on visually evoked responses of 
albino and pigmented rats. T.-L-T. J. Life Sci. 4: 85-92 ,  1974. 

6. Flynn, E. J., M. Lynch and V. G. Zannoni. Species differences 
and drug metabolism. Biochem. Pharmac. 21: 2577-2590,  
1972. 

7. Furner, R. L., T. E. Gram and R. E. Stitzel. The influence of 
age, sex and drug treatment on microsomal drug metabolism in 
four rat strains. Biochem. Pharmac. 18 :1635-1641 ,  1969. 

8. Jori, A., R. Pescador and C. Pugliatti. Rat strain differences in 
the activity of hepatic microsomal enzymes. Biochem. 
Pharmac. 20: 2695-2701,  1971. 

9. Jori, A., C. Pugliatti and V. Santini. Differences in microsomal 
enzyme induction between Sprague-Dawley and Long-Evans 
rats. Pharmacology 7: 296-304,  1972. 

10. Kato, R. Possible role of P-450 in the oxidation of drugs in 
fiver microsomes. J. Biochem. 59" 574-583,  1966. 

11. Kato, R., P. Vassanelli, G. Frontino and E. Chiesara. Variation 
in the activity of liver microsomal drug-metabolizing enzymes 
in relation to the age. Biochem. Pharmac. 13: 1037-1051,  
1964. 

12. Lowry, O. H., N. J. Rosebrough, A. L. Farr and R. J. Randall. 
Protein measurement with the folin phenol reagent. J. biol. 
Chem. 193: 265-275,  1951. 

13. MacLeod, S. M., K. W. Renton and N. R. Eade. Development 
of hepatic microsomal drug oxidizing enzymes in immature 
male and female rats. J. Pharmac. exp. 7"her. 183: 489-498,  
1972. 

14. Omura, T. and R. Sato. The carbon monoxide-binding pigment 
of liver microsomes: 1. Evidence for its hemoprotein nature. J. 
biol. Chem. 239: 2370-2378,  1964. 

15. Omura, T. and R. Sato. The carbon monoxide-binding pigment 
of liver microsomes: 2. Solubilization, purification and 
properties. J. biol. Chem. 239: 2379-2385,  1964. 

16. Quinn, G. P., J. Axelrod and B. B. Brodie. Species, strain and 
sex differences in metabolism of hexobarbitone, amidopyrine, 
antipyrine and aniline. Biochem. Pharmac. 1: 152-159,  1958. 

17. Schenkman, J. B., I. Frey, H. Returner and R. W. Estabrook. 
Sex differences in drug metabolism by rat liver microsomes. 
Molecular Pharmac. 3: 516-525,  1967, 

18. Shearer, D., D. Creel and C. E. Wilson. Strain differences in the 
response of rats to repeated injections of pentobarbital sodium. 
Lab. Anim.  ScL 23: 662-664,  1973. 

19. Stitzel, R. E., R. L. Furner and T. E. Gram. The influence of 
sex and drug treatment on microsomal drug metabolism in four 
rat strains. Pharmacologist 10: 179, 1968. 

20. Vessell, E. S. Induction of drug-metabolizing enzymes in liver 
microsomes of mice and rats by softwood bedding. Science 
157: 1057-1058,  1967. 


