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Comparison of Mongolian gerbil and rat hepatic microsomal monooxygenase 
activities: high coumarin 7-hydroxylase activity in the gerbil 

(Received 27 October 1989; accepted 1 February 1990) 

The Mongolian gerbil (Meriones unguicukztus) has been 
widely utilized as an animal model of unilateral hemispheric 
global ischaemia [l-3]. Although many pharmacological 
investigations have been undertaken using this model, stud- 
ies of drug metabolism in the gerbil have not been well 
documented. Extensive studies on species differences in 
microsomal monooxygenase (MMO*) activities [4] do not 
include the gerbil amongst the species investigated. 
However, the pharmacokinetics, including limited meta- 
bolic studies, of coumarin (2H-1-benzopyran-2-one) in the 
gerbil have been reported [5]. Man is exposed to coumarin 
via its addition to toiletries and tobacco products [6]. Cou- 
marin, in combination with cimetidine, is currently under- 
going clinical trials for the treatment of various 
malignancies 17-91, and there have also been several human 
trials involving coumarin preparations for the treatment of 
lymphoedemas [IO, 111. A suitable animal model for man 
with respect to coumarin metabolism and toxicity has yet 
to be found [6]. 

It is well-recognized that the biotransformation of drugs, 
in particular by the cytochrome P45U-dependent MM0 
system. can profoundly affect their pharmacological. and 
toxicological, activities. Hence, we have investigated vari- 
ous P450-dependent MM0 activities (aniline 4-hydroxyl- 

* Abbreviations used: COH. coumarin 7-hydroxylase; 7- 
ECOD, 7-ethoxycoumarin 0-deethylase; 7-HC, 7- 
hydroxycoumarin; GSH, glutathione; MMO. microsomal 
monooxygenase; P450. cytochrome P450. 

ase; benzphetamine N-demethylase: 7-ethoxycoumarin O- 
deethylase (7-ECOD); and, particularly. coumarin 7- 
hydroxylase (COH)] of gerbil liver microsomes, and com- 
pared these with those observed in the rat, a species for 
which extensive information on hepatic drug metabolism is 
available. 

Materials and methods 

All substrates, enzvmes and cofactors were obtained 
from the Sigma Chemical Co. (Poole, U.K.) except for 7- 
ethoxycoumarin which was synthesized as described pre- 
viously [ 121. Other chemicals used were of AR grade. Adult 
male Wistar rats (115-140 g) and adult male Mongolian 
gerbils (6(&70 g) were obtained from the University of 
Nottingham Medical School Animal Unit. They had access 
to standard laboratory diet and tap water ad lib. 

Liver microsomes were prepared by the calcium aggre- 
gation technique as outlined previously (131. Separate 
microsomal fractions were obtained for each animal. They 
were stored at -196” until required. Protein content was 
measured by the method of Lowry et al. [14]. Cytochrome 
P450 [15] and cytochrome bj [16] contents, and NADPH- 
cytochrome c reductase activity [16], were determined by 
the methods quoted. COH [17], 7-ECOD [12], aniline 4- 
hydroxylase [ 161 and benzphetamine N-demethylase [16] 
activities were assayed by standard methods. In addition, 
the glutathione content of liver homogenates was measured 

1181. 
Statistical analysis was performed by means of an 

unpaired Student’s f-test. 
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Table 1. Comparison of measures of the hepatic microsomal monooxygenase system 
in the rat and gerbil 

Cytochrome P450 
(nmol/mg protein) 

Cytochrome b5 
-(nmol~mg protein) 

NADPH-cvtochrome c 
reductask 
(nmol cytochromc c reduced/ 
min/mg protein) 56.0 ” 3.2 49.9 2 3.5 

-. COH ~.~4~ 2 0.0003 0.285 i 0.03o”r 
7-ECOD 0.87 t 0.08 2.RY + 0.33f 
Aniline 4-hydroxylase 0.63 + 0.04 1.16~0.l1” 
Benzphetamine N-demethylase 7.05 + 0.63 x.x7 f (1.79 

MM0 activities are expressed as nmoles of product formed/min~mg protein. 
Values are mean i SE (6 rats; 6 gerbils). 
Where indicated. values for the gerbil are significantly different from those of the 

rat at * P < 0.01, i- P < 0.001. 

Results and discussion 

There were no statistically significant differences in cyto- 
chrome P450 and cytochrome hi contents, and NADPH- 
cytochrome c reductase activity, between rat and gerbil 
liver microsomes (Table 1). GSH contents (nmol GSH/g 
liver) of rat (3.67 t 0.16) and gerbil (5.16 t 0.35) liver 
homogenates were significantly different (P < 0.01). This 
could be due to differences in feeding habits. which may 
affect GSH synthesis. 

COH, 7-ECOD and aniline 4-hydroxytase activities were 
significantly higher in gerbil liver microsomes (Table 1); 
benzphetamine N-demethylase activity was also higher in 
gerbil microsomes, but this was not statistically significant. 
The most marked difference was observed in COW activity, 
which was only just detectable in rat liver microsomes but 
was approximately Xl-fold higher in gerbil liver micro- 
somes. Preliminary results using HPLC to separate and 
quantify coumarin and its metabolites confirm this finding. 

Statistically significant correlations were observed 
between the activities of COH and 7-ECOD (r = 0.98: 
P < O.OOl), COH and aniline 4-hydroxylase (r = 0.87: 
P < 0.0251, and 7-ECOD and aniline 4-hvdroxvlase (r = 
0.81; P c’O.05) in gerbil liver microsome;. No’&% car- 
relations were found for these monooxygenase activities in 
rat liver microsomes. Highly significant correlations 
between strains of mice in their abilities to metabolize 7- 
EC and coumarin have been reported 1191, and it has 
previously been suggested that coumarin substrates are 
metabolized by the-same P450 isozyme(s) [ZO]. A cor- 
relation between 7-ECOD and aniline 4-hydroxylase activi- 
ties in human liver microsomes has also been reported 1211. 
The simplest explanation for this close correlation is that 
the COH. 7-ECOD and aniline 4-hvdroxvlase reactions are 
all carried out by the same P4SO kozyme. It has recently 
been reported that. in the mouse, 7-EC is as good a sub- 
strate for P450,, as coumarin, although it is also metab- 
ohzed by other P4SO isozymes [22]. 

Similarly, aniline is metabolized by P450coh, hut only at 
a low rate. The close correlations observed between COH, 
7-ECOD and aniline 4-hydroxylase activities in the gerbil 
suggest that these activities may also be catalysed by the 
same form of P4SO in this species. In the standardized 
nomenclature of Nebert et al: [23] P45Oc,, is assigned to 
the P450IIB subfamily; more recently it has been reported 
to have a closer association with the P450IIA subfamily 
[24,25]. 

* To whom all correspondence should be addressed. 

Species differences in coumarin metabolism and toxicity 
have been well-documented [6]. particularly with respect 
to 7-hydroxylation. In man coumarin is extensively metab- 
olized to 7-fiC. whereas in the rat. in which coumarin is 
hepatotoxic, 7-HC formation is negligible. On the basis of 
our experiments, and the tindings of Kitschef and Hardt 
regarding coumarin pharmacokinetics [S]. who report that 
the pharmacokinetic profile of coumarin. 7-HC and 7-HC 
glucuronide found in the hlood of gerbils is similar to that 
observed in man, the gerbil would appear to be more 
appropri~~t~ than the rat as a model for man vvith respect 
to coumarin metabolism and toxicity [26]. CON activity 
(nmol7-HC formed/min/mg protein) in gerbil liver micro- 
somes (0.29 -t 0.03) agrees closely with that reported for 
human liver microsomes (0.33 2 0.14) (271. 

In sumnlary, we have compared several hepatic micro- 
somal monooxygenase activities in the Mongolian gerbil 
and in the rat. COH, 7-ECOD and aniline 4-hydroxylase 
activities were significantly higher in gerbil liver micro- 
somes. although no significant differences were found in 
cytochrome P450 and cytochromc h, contents, nor in 
NADPH-cvtochrome c reductase and benzDhetamine N- 
demethylase activities. The most marked difierence was in 
COH activity which was 70-fold higher in gerbil than in rat 
liver microsomes. Drug metabolism studies in the gerbil 
are of importance with regard to the many pharmacological 
investigations undertaken using this spectes as a model for 
the study of drugs in ischaemic stroke. The gerbil would 
also seem to be an appropriate species to use in further 
investigations of coumarin metabolism and toxicity due to 
its high COH activity: such studies arc currently being 
undertaken. 
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