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Abstract-Drug metabolic capacity in liver microsomes of 14 rat inbred strains was investigated. 
Cytochrome P-450 content as well as the following enzyme activities were measured: NADPH cyt. 
c(P-450) reductase (Red.), aminopyrine N-demethylase (APDM), ethoxycoumarin 0deethylase 
(ECOD), 1-naphthol: UDP-glucuronosyltransferase (NGT) and hydrolysis of acetylsalicylic acid (ASA; 
measured at pi-f 5.5 and pH7.4). All enzymes measured were found to exhibit statistically significant 
inter-strain differences. In males the enzvme activities varied over a 7.3-fold (ECOD) to 1.4-fold 
(cytochrome P-450) range. Other inter-strain differences were generally larger than i-fold: ASA- 
hydrolysis at pH 5.5 and 7.4 (3.9- and 3.3-fold variation, respectively), NGT and Red. (2.1-fold variation) 
and APDM (I.&fold variation). In females similar, but somewhat smaller inter-strain differences were 
observed. Correlations between different enzyme activities were generally poor (correlation coefficients 
r < 0.7). An exception was the correlation between ASA-hydrolysis at pH 5.5 and pH 7.4 (r = 0.79). 
We conclude that ASA hvdrolvsis at nH 5.5 and 7.4 is mediated hv the same enzyme or bv coreeuiated 
enzymes and that all other activities are mediated by different or differentially regulated e&ymesrBased 
on analysis of variance and subsequent inter-strain comparisons, all strains appear to express a unique 
profile of liver microsomal drug metabolism. No two strains are identical with respect to all activities 
measured. We suggest that differences between inbred rat strains and particularly the difference in 
balance between different enzymes in various strains can be used advantageously in pharmacological 
and toxicological experiments. 

Drug metabolism in a given animal species is influ- 
enced by a large number of endogenous and exogen- 
ous factors [I]. Variability related to sex [2,3], age 
[4,5] and hormonal status [I, 61 ultimately relies on 
the genetic background of the animal. Inbred animal 
strains, in which over 98% of the genes are in the 
homozygous state, and other genetic models have 
proved to be invaluable in studying the heterogeneity 
of drug metabolizing enzymes [7,8] and cell-mem- 
brane carriers [9], as well as in the study of genetic 
regulation of biotransformation processes [ 10,111. 

Inbred mouse strains are known to be highly vari- 
able in their rate of metabolism of various xeno- 
biotics [7,12-141 and these strain-related differences 
are thought to be involved in strainspecific metabolic 
profiles [13, IS], pharmacokinetics [16], toxicity [17] 
and longevity 1141. Although the rat is widely used 
in drug metabolism studies, inbred strains of this 
species are poorly characterized with respect to xeno- 
biotic metabolism. Older literature indicates that 2- 
3-fold differences may exist in ethylmorphine N- 
demethylase and aniline-hydroxylase activity 
between individual inbred strains [IS]. More 
recently, rat inbred strains have been introduced as 
a model for the 4-hydroxylation defect of debri- 
soquine in man [19]. The DA-strain was found to be 
a poor metabolizer of debrisoquine [19] and ochra- 
toxin-A [20], but not of phenacetin [21]. Other strain- 
reiated differences in drug metabolism have been 
described in the literature [20,22-241, but usually 
only a few rat strains were compared. 

Recent evidence that rat strains are highly poly- 

* To whom correspondence should be addressed. 

morphic in electrophoretic recognizable isoforms of 
cytochrome P-450 [25] and esterases 126,271 
prompted our study of microsomal drug metabolism 
in a larger number of rat inbred strains. It is shown 
in this paper that inter-strain differences can vary 
over a 1.3- to 7.3-fold range, depending on the 
enzyme activity being measured. 

MATERIALSANDMETHODS 

Chemicals. Cytochrome c (type III, from horse 
heart), NADPH (sodium salt), 1-naphthol (grade 
III) and 1-naphthyl-P,D-glucuronide (sodium salt) 
were obtained from Sigma Chemical Co. (St. Louis, 
MO). Rotenone, 7-ethoxycoumarin, 7-hydroxy- 
coumarin, aminopyrine and ASA were purchased 
from Aldrich (Beerse, Belgium), Boehringer 
(Mannheim, F.R.G.), Fluka (Buchs, S~~erl~d), 
Gist-Brocades (Delft , NL) and OPG (Utrecht, NL) , 
respectively. Ail other chemicals were of analytical 
grade purity and used as supplied. 

Animals. Liver samples of rat inbred strains (see 
Table 1) were obtained from the Department of 
Laboratory Animal Science, Veterinary Faculty, 
University Utrecht. The animals originated from 
four different breeding facilities: Central Institute of 
Laboratory Animal Breeding, Hannover, F.R.G. 
(/Han); University of Limburg, Maastricht, NL 
(/Mtr); Antoni van Leeuwenhoek Hospital, Amster- 
dam, HNL (/A) and REPGO/~O-Institute of 
Radiobiology, Rijswijk, NL (/Rij). All strains used 
have recently been found to be homogeneous, using 
28 different biochemical markers [26]. All animals 
were housed under identical conditions during at 
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Table 1. Mixed function monooxygenase activities in liver ~crosomes of rat inbred strains 

Strain 
code Strain 

Aminopyrine- 7-ethoxycoumarin- 
Cytochrome P-450 NADPH-cyt.c reductase N-demethylase 0-deethylase 

Sex ( pmol/mg) (nmol/min * mg) (nmol/min - mg) ( pmol/min * mg) 

A BDII/Han 

: 
BDV/Han 
BDIX/Han 

D BN/Mtr 
E DA/Han 
F LE/Han 
G LEW/Mtr 
H R/A 
I UjA 
J WKY/Mtr 

K BDE/Han 
OM/Han 

k R/A 
N SD/A 
0 WAG/Rij 

male 
male 
male 
male 
male 
male 
male 
male 
male 
male 

female 
female 
female 
female 
female 

430 -t 40 
465 * 32 
610 + 12 
490 f 12 
615 + 32 
490 + 12 
510 2 0 
56Ot17 
470 2 17 
605 * 14 

380 t 12 
375 + 9 
580 + 0 
300 k 17 
450 2 35 

272 ‘-’ 6 
352 + 29 
465 ” 29 
190 rt 11 
269 t 8 
187 k 10 
205 -+ 4 
295 f 8 
19527 
408 rt 28 

311 r: 32 
159 4 11 
259 rt 9 
186 r 11 
307 f 19 

3.15 t 0.25 
3.79 * 0.33 
4.67 2 0.20 
3.51 k 0.06 
3.02 + 0.09 
2.58 k 0.10 
3.30 -c 0.16 
4.51 i 0.12 
3.14 2 0.02 
4.50 2 0.05 

2.45 k 0.41 
2.81 2 0.07 
2.66 2 0.05 
2.19 2 0.04 
3.13 -r- 0.21 

62 +- 5 
191 t: 15 
345 rt 16 

74 t 2 
68 ir 1 
47 +- 2 

243 -e 10 
199 +- 4 
135 rt 17 
lOOrt2 

112 -c 20 
84 Lt: 2 

150 z!z 3 
81 t: 1 

249 rt 7 

Mean over all strains (males) 525 291 3.61 146 
Mean over all strains (females) 417 239 2.65 136 

Microsomes were prepared and incubated as described in Materials and Methods. The values given represent the 
means + SE of four determinations per strain (duplicate measurements with two microsomal preparations). ANOVA 
demonstrated that the between-animal within-strain and the within-animal duplicate mean square was not statistically 
significant (P > 0.05), while the inter-strain variation was statistically significant (P < 0.001) in all cases, except amino- 
pyrine N-demethylase in females. 

least 2.5 weeks before killing and had free access to 
tap water and a commercially available diet (RMH- 
B, Hope Farms, Woerden, NL). Strain nomencla- 
ture is according to Ref. 28; for ease of reference 
shorter strain codes are used throughout this paper 
(Table 1). 

Preparation of microsomes. Rats, aged 35-78 
weeks, were killed by cervical dislocation and livers 
were homogenized (Potter-Elvehjem homogenizer, 
three up-and-down strokes) in a three-fold volume 
of Na-K-phosphate buffer (9 mM KH2P04, 34 mM 
Na~HPO~.2H~O, pH 7.4) containing 0.1 mM 
EDTA-Na2, 1 mM dithiothreitol and 20% (v/v) 
glycerol. Microsomes were prepared by differential 
centrifugation (MSE-prepspin ultracentrifuge; 
20 min at 12,000 g,,,; 60 min at 105,000 g,,,) , resus- 
pended (ca. 10mg protein/ml) in homogenization 
buffer, quick-frozen and stored at -80” until 
measurement of enzyme activities. All procedures 
were carried out at w”. Samples were stored in 
small aliquots and were thawed only once for deter- 
mination of enzyme activity. A particular enzyme 
activity was measured in all samples simultaneously. 

hcubafions. Cytochrome P-450 was quantitated 
as the CO vs CO + dithionite difference-spectrum 
using an Amin~o-DW2a UV-vis spectrometer in the 
split-beam mode [29]. Reductaset was quantitated 
at 37” by measuring the reduction of cytochrome-c 
(50pM) by NADPH (50 PM) in the presence of 
0.1 mM KCN and 2.5 PM rotenone (44 mM K-phos- 

t Abbreviations used: ANOVA, analysis of variance; 
APDM, aminopyrine N-demethylase; ASA, acetyl salicylic 
acid; ECOD, ethoxycoumarin O-deethylase; NGT, l- 
naphthol:UDP-glucuronosyltransferase (EC 2.4.1.17); 
reductase, NADPH cyt.c(P-450) reductase (EC 1.6.2.4). 

phate buffer, pH7.6, containing 66mM KCl). 
NADPH was omitted from the reference samples 
[30]. APDM was measured by incubation of micro- 
somes at pH 7.4 (Na-K-phosphate buffer) with 1 mM 
aminopyrine and quantitation of released for- 
maldehyde [31]. ECOD and NGT were measured 
by quantitation of 7-hydroxycoumarin [32] and I- 
naphthyl-P,D-glucuronide [33] on a Perkin-Elmer 
LS-3 spectrofluorimeter after incubation with 7- 
ethoxycoumarin (0.2 mM) or 1-naphtol (0.5 mM), 
respectively. ~lucuronidation was measured in 
microsomes m~imally activated with Brij-58 
(0.5 mg/mg protein). Hydrolysis of ASA by aspecific 
carboxyiesterases (EC 3.1.1.1) was measured by 
fluorimetric quantitation of free salicylic acid (/2,, = 
298 nm, A,, = 406nm) and corrected for spon- 
taneous hydrolysis (details will be published 
elsewhere). ASA-hydrolysis was measured at pH 5.5 
(4mM ASA, 200 mM Na-phosphate buffer) and 
pH 7.4 (8 mM ASA, 200 mM Na-phosphate buffer) 
because it has been suggested that hydrolysis at the 
lower pH (ASA- activity) and the higher pH (ASA- 
2 activity) is due to different esterases [34]. AI1 
enzyme activities were measured under conditions 
linear with time and protein concentration and 
expressed as specific activities. Protein was deter- 
mined according to Lowry ef al. [35] using crystalline 
bovine serum albumin as a standard. 

Experimental design and statistical analysis. All 
enzyme activities were measured in duplicate with 
two microsomal preparations, prepared from indi- 
vidual animals (two per strain). An initial ANOVA 
indicated that between-animal within-strain dif- 
ferences were not statistically significant (duplicate 
plus duplicate X treatment mean square used as 
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Table 2. Glucuronidation and ester-hydrolysis in liver microsomes of rat inbred strains 

Strain 
code Strain Sex 

1-Naphthol 
glucuronidation 
(nmol/min * mg) 

Hydrolysis of acetyl-salicylic acid 
(nmol/min - mg) 

measured at measured at 
pH 5.5 (ASA-1) pH 7.4 (ASA-2) 

A BDII/H~ male 9.6 r 0.9 64.0 r 14.5 37.0 2 9.9 
B BDV/Han male 20.8 + 0.3 67.0 k 5.8 36.5 2 1.9 
C BDIX/Han male 17.9 + 0.3 119.0 c 9.4 88.8 + 10.0 
D BN/Mtr male 9.8 f 0.5 40.5 c 2.2 27.0 + 2.7 
E male 14.1 + 0.4 113.0 + 11.3 64.0 c 7.4 
F male 14.0 -t 1.2 79.8 c 6.8 27.3 + 2.8 
G LEW/Mtr male 15.3 f 0.3 122.0 + 6.5 74.0 f 5.1 
H B/A male 19.7 f 0.4 80.5 2 3.6 28.3 + 2.3 
I U/A male 12.6 2 0.4 55.8 + 1.3 29.5 +- 3.2 
.I WKY/Mtr male 11.0 c 0.6 159.8 f 10.3 78.0 * 12.2 

K BDE/Han female 13.8 f 0.3 68.5 f 6.0 43.3 ” 1.1 
k OM/Han 

B/A 
female female 16.0 13.4 ” t 0.7 0.7 68.0 30.8 + -c 7.6 1.4 23.0 3.5 k k 5.0 2.0 

: SD/A WAG/Rij female female 16.2 12.1 k t 0.8 0.2 51.5 59.3 + f 2.7 5.4 28.3 34.0 ‘- * 4.8 8.1 

Mean over all strains (males) 14.5 90.1 49.0 
Mean over all strains (females) 13.9 55.6 26.4 

Microsomes were prepared and incubated as described in Materials and Methods. The values given 
represent the means + SE of four determinations per strain (duplicate measurements with two 
microsomal preparations). ANOVA demonstrated that the between-animal within-strain and the 
within-animal duplicate mean square was not statistically significant (P > 0.05), while the inter-strain 
variation was statistically significant (P < 0.001) in all cases. 

error variance). Differences between strains were, 
therefore, assessed by an ANOVA, in which the 
between-animal within-swain, the duplicate within- 
animal and the second and third-order interactions’ 
mean square was used as error variance. The values 
given in Tables 1 and 2 represent the mean +- SE of 
the four determinations. Inter-strain variabihty of 
enzyme activity is operationally defined as the F- 
value of the between-strain vs within-strain mean 
square comparison. Differences between individual 
strains were assessed by the sequential Newman- 
Keuls test, adopting a significance level of P < 0.01. 
Correlations between enzyme activities were 
assessed by correlation analysis and by ANOVA. 
The Pearson correlation coefficient r, the F-value of 
the regression vs error mean square comparison in 
the ANOVA and the probability level P are 
indicated. All statistical procedures were carried out 
according to Snedecor and Cochran [36] with the 
help of a commercially available statistical package 
[37J, implemented on an Olivetti M24 personal 
computer. 

RESULTS 

Enzyme activities 

Cytochrome P-450 content and P-450”related 
enzyme activities in the strains A-O are given in 
Table 1, ANOVA indicated that for these activities 
statistically significant inter-strain differences are 
present both in males and females (Table 3). TWO 
(P-450, reductase), to five (ECOD) groups of strains 
with mutual different activities can be discriminated 
(Fig. 1). Cytochrome P-450 content ranged over a 

l.Cfold difference in males and 1.9-fold difference 
in females (Table 3). Reductase activity correlates 
with P-450 content (r = 0.493, F = 12.2 with 1 and 
39 df, P = 0,001 for males; r = 0.4&2, F = 5.5 with 
1 and 19 df, P = 0.031 for females). Correlation 
between APDM and total P-450 is better than 
between ECOD and P-450 (r = 0.587, F = 30.5, 
P<O.OOl for APDM and r = 0.339, F = 7.5, 
P < 0.008 for ECOD). This probably reflects the 
wide overlap in substrate-specificities of P-450 iso- 
enzymes for APDM in comparison to ECOD [38]. 
When APDM and ECOD-activity are expressed per 
pmole P-450 (instead of per mg protein) similar inter- 
strain differences are found (data not shown). 

Glucuronidation of 1-naphthol varied over a 2.1- 
fold range in males and a 1.3-fold range in females 
(Tables 2 and 3). On the basis of ANOVA and 
inter-strain comparisons four groups with mutually 
different NGT activities can be discerned (Fig. 1). 
Hydrolysis of ASA was measured at pH 5.5 (ASA-1) 
and at pH 7.4 (ASA-2) because it has been suggested 
1343 that these hydrolytic activities are mediated by 
different carboxylesterases. Our results indicate, 
however, that ASA- and ASA- are highly cor- 
related (Fig. 2). 

Sex differences 
In the ANOVA male and female animals were 

treated separately, because sex-related differences 
are known to occur [2,3]. Of one strain both males 
and females were available (H and M, respectively). 
Statistic~ly significantly different activities between 
males and females were observed for APDM, 
ECOD, NGT and ASA-hydrolysis in this strain. For 
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Table 3. Variability of hver microsomal drug metabolism in rat inbred strains 

Enzyme F-value of Lowest activity Highest activity Fold variation 
(units) Sex ANUVA (strain) (strain) {highest/lowest) 

Cytochrome P-450 male 9.5 615 (DA/Han) 1.4 
( pmof/mg) 

430 (BDKI/Han) 
female 32.5 300 (SD/A) 580 (R/A) 1.9 

NADPH-cyt.c reductase male 13.2 190 (BN/Mtt) 408 (WKY/Mtr) 2.1 
(nmol NADPH ox./min 8 mg) female 9.0 159 (OM/Han) 311 (BDE/Han) 2.0 
Aminopyrine-N-demethylase male 19.1 2.58 (LE/Han) 4.67 (BDIX/Han) 1.8 
(nmol/min . mg) female 2.8 2.19 (SD/A) 3.13 (WAG/Rij) 1.4 
7-ethoxycoumarin-O- male 98.5 47 (LE/Han) 345 (BDIX/Han) 7.3 
deethyiase ( pmol,/min - mg) female 52.1 81 (SD/A) 249 (WAG/Rij f 3.1 
l-naphtho~-gIucuronidation male 43.1 9.6 (BDII/~an) 19.7 (R/A) 2.1 
(nmoI~min = mg) female 13.0 12.1 fWAG/Rij) 16.2 (SD/A) 1.3 
Hydrolysis of acetyl-sahcyhc male 20.3 48.5 (BN/Mtr) 159.8 ~WKY~Mtr) 3.9 
acid (pH 5.5) ~nmol~rni~.rng) female 9.2 30.8 ~GM/Han) 68.5 (BDEjHanf 2.2 

Variability was aperationally defined as the F-value of an ANOVA, in which the between-strains mean square was 
compared to the within-strain error mean square. Statistically significant differences (P 5 0.001) were found for all inter- 
strain comparisons except aminopyrine N-demethylase in females (P = 0.061). 

MALES 

Fig. 1. Metabolic profile of rat inbred strains. Comparison 
of enzyme activities between strains were assessed by the 
sequential Newman-Keuls test for males and females sep- 
arately adopting a significance level of P < 0.01. Strains 
that are not significantly different according to this criterion 
are indicated by the same number, 1 being given to the 

group with lowest activity. 

all these activities, activity in females was the lower 
of the two. When the mean activities over ail males 
(strains A-J) are compared ta the mean activities 
over all females (strains K-O), the same conclusion 
’ reached for APDM (3.62 2 0.12 and 
r.65 2 0.11 nmol/min * mg in males and females, 
respectively) and ASA- (90.1 ‘- 6.1 and 
55.6 * 3.8 nmol/min amg). ECOD and NGT-activi- 
ties in males and females were not different when 
calculated for all strains together. P-450 (525 i 12 
and 417 k 23 pmol/mg) and reductase (284 + 15 and 
244 * 16 nmo1~min ‘mg) were lower in females, com- 
pared to males. 

All enzyme activities measured demonstrated 
strain-specific differences. Differences between 
strains range from 1.3 to 7.3-fold, depending on the 
enzyme under consideration (Table 3). No stat- 
istically significant correlations were found between 
age of the animals and various enzyme activities 
(data not shown). Furthermore, close examination 

of Fig. 1 reveals that all strains investigated are 
unique in their metabolic profile. 

This is the first report describing inter-strain varia- 
bility of a number of microsomal drug metabolizing 
enzymes in a large number of rat inbred strains. 
Earlier reports suggested that strain-related dif- 
ferences in liver microsomal drug metabolism do 
exist in the rat [18, 19,22,23], but only recently 
two rat inbred strains (DA and LEW) have been 
characterized for a larger number of enzymes, includ- 
ing phase-I and phase-II activities [19,20,24]. Rat 
inbred strains have been found to be highly poly- 
morphic for cytochrome P-450 b, e, g and h [25] 
and various carboxylesterases [27] on the basis of 
acrylamide gel electrophoresis and isoelectric focus- 
ing, but the consequences of these genetically deter- 
mined polymo~hisms for microsomal drug 
metabolism are not known. 

We quantitated total cytochrome P-450 as well as 
reductase, APDM and ECOD activities in 14 strains. 
APDM and ECOD were used as representative 
activities for phenobarbital and 3- 
methylcholanthrene inducible P-45Os, respectively 
[38]. NGT was measured as a representative phase- 
II metabolic activity. Hydrolysis of ASA at two 
different pHs was measured because it has been 
suggested that ASA- and ASA- hydrolysis are 
mediated by different carboxytesterases [34] and 
because all rat strains used are genetically ehar- 
acterized for their esterase patterns $26,271. Stat- 
istically significant inter-strain differences were 
found for all enzyme activities measured. These dif- 
ferences may be as large as 7.3-fold (Table 3). 
Although we established that differences in enzyme 
activities between inbred rat strains exist, great care 
should be exercised in the use of the absolute enzyme 
activities, reported in this study, as reference values. 
Apart from strain-related differences, a large num- 
ber of variables (interindividual variation, age- 
related differences, storage conditions and analytical 
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r = 0.789 -iI F= 95.5 
p<ooo1 

150 200 

ASA-hydrolysis , pH 5 5 L nmole /min. mg 1 

Fig. 2. Correlation between hydrolysis of ASA at pH 5.5 
(ASA-1) and DH 7.4 (ASA-2). For reasons of claritv onlv 
ihe me&s pe; strain-are indicated. Statistical eval;atio& 
was based on all individual measurements. Symbols (0: 
males; 0: females) and upper case characters refer to the 

strain-codes mentioned in Table 2. 

variability) may have influenced the measurements. 
Special care was taken in this study to minimize 
experimental variation. Liver microsomes of all ani- 
mals were prepared within one week, whereas activi- 
ties of a particular enzyme were measured in all 
samples simultaneously using freshly thawed 
microsomes. The absolute values of the enzyme 
activities can, therefore, be influenced by storage 
conditions, but it is reasonable to assume that this 
affected all samples similarly. Because an initial 
ANOVA demonstrated that ~thin-strain between- 
animal variances were not statistically significant, the 
measurements per strain were pooled for the final 
ANOVA. The values, given in Tables 1 and 2 rep- 
resent, therefore, the means 2 SE of four 
determinations. The SE is the result of analytical 
variation and includes variability due to homo- 
genization, storage, thawing, incubation and quanti- 
tation of enzyme activity. Absence of statistically 
significant within-strain between-animal differences 
is not surprising, because the individuals of inbred 
strains (in contrast to the more commonly used ran- 
dom-bred strains) are identical with respect to at 
least 98.6% of their genes [17]. Moreover, the strains 
used in this study have recently been found to be 
homogeneous on the basis of 28 different bio- 
chemical markers [26]. All individual animals used 
in this study expressed their characteristic esterase- 
banding pattern when liver microsomes were ana- 
lysed on starch gel electrophoresis [26]. 

A more serious problem in interpreting the strain- 
related differences results from the variation in age 
of the animals used. Using regression analysis no 
statistically significant correlations were found 
between age and any of the enzyme activities 
measured. This demonstrates that the differences 
found could not be explained simply on the basis 
of age. Nevertheless, age-related factors may have 

influenced the results. Available literature indicates 
that a decrease in metabolic capacity occurs during 
aging (391, but this decrease is not very extensive (up 
to 30%) before 80 weeks of age [40,41]. In particular 
with cytochrome P-450, NADPH-cytochrome c- 
reductase and various conjugating enzymes no 
decrease is observed up to 2 years of age [40-43]. 
We consider it therefore likely that the differences 
observed in this study are-at least in part-strain- 
related. Obviously, more detailed studies should be 
carried out to evaluate and/or to corroborate our 
findings. 

All enzyme activities measured are in the same 
ranges as reported in the literature, generally 
[20,34]. Our results confirms the observation of 
Hietanen et al. [20], that APDM and ECOD activi- 
ties were lower in the DA-rat compared to the LEW- 
rat. Direct comparison with other literature data 
[18,19,21-243 is impossible because different 
enzyme activities were measured or because different 
rat strains were used. Unfortunately, the genetic 
composition of all strains used in this study is only 
known for the esterases [26,27,43]. However, this 
genetic characterization is only based on the elec- 
trophoretic mobility of allelic variants and cannot 
predict enzyme activity in microsomal preparations. 
No correlation could be detected between high or 
low ASA- activity (as determined in microsomes) 
and various allelic forms of the main liver microsomal 
esterases, ES-~, ES-~, Es-g/lo, Es-14 and Es-15 
[27,43,44]. It has been suggested that ASA is hydro- 
lysed with a certain degree of specificity by Es-4 
144,451 but out results demonstrate that this cannot 
be the only factor involved. All rat strains inves- 
tigated are identical in expressing the Es-4B allele 
[261. 

Correlations between different enzyme activities 
were generally poor, although statistical significance 
was reached in a number of cases. Correlation coef- 
ficients were not ~ndamentally altered when enzyme 
activities were expressed per pmole P-450 (instead 
of per mg protein) and inter-strain differences 
remained statistically significant. Poor correlations 
between various enzyme activities have been 
observed before in the rat [20] and in the mouse 
171, and it was concluded that the enzyme activities 
measured are mediated by different or differentially 
regulated enzymes. High correlation coefficients are 
usually indicative for metabolism by the same iso- 
enzyme or for metabolism by coregulated enzymes 
[7,20]. This has been observed, for example for 
the correlation between ECOD, ethyoxyresorufin O- 
deethylase, aryl hydrocarbon hydroxylase and ochr- 
atoxin-A 4-hydroxylase in the rat [20]. The high 
correlation between ASA- and ASA- activity, 
observed in our study, suggests that both activities 
are regulated in an identical way in all strains 
investigated. Because all strains are widely differing 
in their allelic composition of the main liver esterases 
[26,27,43] and because ASA is hydrolysed by more 
than one isoenzyme [45], we consider it highly 
unlikely that ASA- and ASA- activities are 
mediated by different esterases [34]. ASA- activity 
was therefore not further used for inter-strain 
comparisons. 

Cytochrome P-450content reductase and APDM, 
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ECOD, NGT, ASA- activities can be used to char- 
acterize the various strains. On the basis of ANOVA 
and subsequent inter-strain comparisons, all strains 
investigated must be considered unique. No two 
strains are identical with respect to all enzyme activi- 
ties investigated (Fig. 1). Literature data are too 
scanty to relate differences in enzyme activities or 
differences in balance between enzyme activities to 
inter-strain variation in, for example, spontaneous 
tumorigenesis [Z&X]. It has been shown that dif- 
ferences in metabolic capacity of the DA- and the 
LEW-strain affect the urinary excretion of metab- 
olites of debrisoquine [19]. Moreover, spectral inter- 
action with cytochrome P-450 [24] as well as 
metabolic activation of aflatoxin Bl [20] is different 
in microsomes from DA- and LEW-rats. Similar 
phenomena have been observed in inbred mouse 
strains [13-171 and we suggest that inbred rat strains 
can be used advantageously in pharmacological and 
toxicological studies as well. In particular when bal- 
ances between various metabolic routes are of inter- 
est, the use of inbred strains offers distinct 
advantages. Expe~mental manipulation of one 
enzyme activity at a time by dietary factors, inducers 
or hormones is virtually impossible [6,11,46]. 
Inbred strains can be used directly to answer relevant 
questions and may even be used as models for human 
polymorphisms [19-211. The results presented in this 
paper may suggest further applications of inbred rat 
strains in this area. 
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