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Hepatic microsemal oxidative drug metabolism in the spontaneously hypertensive rat

{Received 9 April 1980: accepred 10 September 1980}

One of the most extensively studied animal models of
human essential hypertension is the spontaneously hyper-
tensive rat (SHR) developed by Qkamoto and Aoki [1} in
1962-1963 by means of selective inbreeding in a colony of
Wistar rats. In 1974, Vainionpaa et al. [2] reported that
the in vive metabolism of hexobarbital. the in vitro oxi-
dative metabolism of aminopyrine or of 3,4-benzpyrene,
or the content of cytochrome P-450 in hepatic microsomes
was nat altered in SHR in comparison with normotensive
Wistar rats. Willis and Queener [3], however, subsequently
reported that pentobarbital sleeping times were signifi-
cantly shorter in 10- to 14-week-old SHR than in Wistar—
Kyoto rats (WKY), the normotensive control for SHR {1},
and Hall et al. [4] have reported similar observations. More
recently, Yates ef al. [5] observed that the NADPH-—cyto-
chrome ¢ reductase activity was slightly greater in hepatic
microsomes of saline-pretreated SHR in comparison with
the activity catalyzed by hepatic microsomes prepared from
saline-pretreated normotensive Wistar rats. In an attempt
to gain further insight into the effects of hypertension on
the hepatic microsomal oxidative metabolism of xenobiot-
ics, the present investigation was conducted using male
SHR that were either developing hypertension or in a
period of sustained hypertension. A preliminary account
of this work has been published [6].

Male SHR were obtained from an inbred colony main-
tained at The University of lowa and were of the forty-
third through the forty-fifth generations when tracked back
t0 the original pairing that resulted in the derivation of the
strain. Male WKY were from a colony maintained in these
facilities under the same conditions as were SHR. WKY
are descended directly frox.: a colony of Wistar-Kyoto rats
from which SHR were originally isolated and are presently
considered to be the most appropriate control for SHR
[7]. Systolic arterial blood pressures of 10- to 13-week-old
and 20- to 22-week-old unanesthetized animals were deter-
mined by a modification of the tail plethysmographic
method described by Friedman and Freed [8]. Prior to
pressure measurements, the rats were warmed to 35° for

several minutes, and systolic arterial blood pressures were
determined using an automated cuff-inflator-pulse detee-
tion system manufactured by Technilab Instruments
(Pequannock, NJ). For each determination, three to five
consecutive measurements were made on each animal that
had been previously conditioned to the apparatus.

For the determination of hexobarbital sleeping times.
hexobarbital was dissolved in saline made alkaline by the
dropwise addition of 1N NaOH and was administered
intraperitoneally to 10- to 13-week-old animals at a dose
of 200 mg/kg. The duration of sleep was determined from
the time at which the righting reflex was lost 1o the time
at which the rats regained the righting reflex. Upon regain-
ing the righting reflex, rats were decapitated and trunk
blood was collected. The plasma levels of hexobarbital
were then determined as described by Cooper and Brodie
[9].

Rats were fasted for 24 hr and then were decapitated.
Livers were excised after perfusion in situ with ice-cold
0.154 M NaCl, and 10% (w/v) homogenates were prepared
in ice-cold 0.25 M sucrose. The hepatic microsomal fraction
was then isolated as described by Master er al. [10]. Protein
was determined by the biuret method using bovine serum
atbumin as the standard [11].

Hepatic microsomal NADPH-cytochrome ¢ reductase
activity was determined at 25° as described by Masters et
al. [10]. The N-demethylation of ethylmorphine catalyzed
by hepatic microsomes was determined at 25° by measuring
the rate of formation of formaldehyde employing the
method of Nash [12] as modified by Cochin and Axelrod
[13]. Each 7-ml reaction mixture contained 14 mg of micro-
somal protein, 8 mM ethylmorphine, 150 mM K1, 10 mM
MgCl,, and 50 mM Tris—-HCI buffer, pH 7.4. After the
addition of 200 uM NADPH, |-ml aliquots were removed
every 30sec for the determination of formaldchyde,
Hepatic microsomal aniline hydroxylase activity was deter-
mined at 25° by measuring the rate of formation of p-
aminophenol according to the method of Schenkman ez af,
{14]. The O-demethylation of p-nitroanisole catalyzed by
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Table 1. Systolic arterial blood pressures, hexobarbital sleeping times, and plasma con-
centrations of hexobarbital upon awakening in 10- to 13-week-old male SHR and WKY*

619

Systolic arterial Hexobarbital Plasma concentration of
blood pressure sleeping time hexobarbital upon awakening
{mm Hg; N=14) {min; N = 3) (pg/ml; N = 4)
SHR 169 = 67 41 = 5% 50.2x29
WKY 1283 7811 57.4x4.1

* Each value is the mean = S.E. of the
parentheses.

+ P < 0.001, when compared to WKY.

1 P <0.01, when compared to WKY.

hepatic microsomes was determined spectrophotometri-
cally at 25° as described by Buening and Franklin [15]. and
the (-deethylation of 7-ethoxyresorufin was determined
fluorometrically at 37° as described by Burke and Mayer
[16, 17]. All enzymatic activities were linear with time and
were directly proportional to the amount of microsomal
protein used in the reaction mixtures.

Optical absorbance difference spectra were recorded at
25° with an Aminco DW-2 spectrophotometer in the split
beam mode using microsomal suspensions which had been
diluted to 1-2 mg protein/ml with 0.1 M potassium phos-
phate buffer, pH 7.4. The contents of cytochromes P-450
and bs in the hepatic microsomal suspensions were deter-
mined from carbon monoxide and NADH-reduced minus
oxidized difference spectra, respectively, as described by
Omura and Sato {18, 19]. Ethylmorphine-induced type I
and aniline-induced type II binding spectra were deter-
mined as described by Schenkman ez al. {14, 20]. Apparent
spectral dissociation constants (K;) and theoretical maximal
absorbance changes (AA,,,,) were calculated from regres-
sion lines on double reciprocal plots of the change in
absorbance as a function of substrate concentration using

Table 2. Body weights, liver weights, yields of microsomal

number of determinations indicated in

the wavelength pairs 388-422 nm for the type [ spectral
change and 430-394 nm for the type Il spectral change.
At 10-13 weeks of age, the male SHR exhibited signifi-
cantly greater systolic arterial blood pressures than did
male WKY (Table 1). The data presented in Table 1 further
demonstrate that 10- to 13-week-old male SHR exhibited
significantly shorter hexobarbital sleeping times than did
age-paired male WKY. Differences were not observed,
however, in the plasma concentrations of hexobarbital in
SHR and WKY upon awakening (Table 1), indicating that
the shortened hexobarbital siceping times in SHR may
have resulted from an enhanced rate of hexobarbital metab-
olism. To investigate this possibility, variables associated
with in vitro hepatic microsomal oxidative drug metabolism
were examined. As seen from the data presented in Table
2, although the liver wet weights and the yields of hepatic
microsomal protein were similar in SHR and WKY, the
content of cytochrome P-450 was slightly, but significantly,
greater in hepatic microsomes prepared from 10- to 13-
week-old SHR. Significant differences were not observed
in either the hepatic microsomal cytochrome bs content or
NADPH-cytochrome ¢ reductase activity {Table 2). While

protein, hepatic microsomal cytochromes P-450 and bs

comtents, and enzymatic activities of male SHR and WKY™

4-week-old 10- to 13-week-old . 20- to 22-week-old
Variable SHR WKY SHR WKY SHR WKY
Body weight (g) 49+ 5 59 +2 226+ 6 245+ 6 314+ 10 347+ 12
Liver wet weight (g) 2.4+0.2 26+0.2 82+0.2 8304 9.4+03 8.9+03
Yield of microsomal protein
(mg/g liver) 8112 80x09 10706 11.2+05 10.0>=0.7 11.2=0.9
Cytochrome P-450
{nmoles/mg protein) 0.52+0.02 060003 083002+ 074+002 087006 0.84x0.06
Cytochrome bs
{nmoles/mg protein) 0332002 0322003 0422001 0402001 046004 050003
NADPH-cytochrome ¢ reductase
activity [nmoles cytochrome ¢
reduced - min™' - mg protein”] 122 +13 118+ 8 118 = 10 111 +8 123+11 122 +13
Ethylmorphine N-demethylase
activity [nmoles HCHO formed -
min~! - mg protein!] 34204 3.9+04 5.7 0,43 41+0.3 68+06 5806
p-Nitroanisole O-demethylase
activity [nmoles p-nitrophenol
formed - min~’ - mg protein~’] 1.34 £ 0.078 1.11 £0.06
Aniline hydroxylase activity
[nmoles p-aminophenol formed -
min~! - mg protein™'] 021+001 023001

7-Ethoxyresorufin O-deethylase
activity [nmoles resorufin formed -
min~' - mg protein™'}

0.076 = 0.015 0.083 = 0.014

* Each value is the mean = §.E. of at least five experiments.

+ P < (.01, when compared to age-paired WKY.
+ P < 0.005, when compared to age-paired WKY.
§ P < 0.05, when compared to age-paired WKY.
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Table 3. Type 1 spectral change produced by the addition of ethylmorphine to hepatic
microsomes prepared from male SHR and WKY*

Age SHR WKY
4-Week-old male rats (N = 4)
AA,./2 mg protein 0.012 = 0,001 0.011 = 0.001
AA,./nmole cytochrome P-450 0.011 = 0,001 0.010 = 0.001
K, (uM) 895 S0+ 3

10- to 13-Week-old male rats (N = 5)
AA /2 mg protein
AA/nmole cytochrome P-450
K, (uM)

20- to 22-Week-old male rats (N =4)
AA /2 mg protein
AAnmole cytochrome P-450
K, (uM)

0.029 £ (0.002+
0.017 £ 0.001%

(1LO19 + 0.002
0.013 = 0.001

58+ 11 S0x=7
0.024 £ 0.002 (1.024 = 0.004
0.015 = 0.001 0.013 2 0,001
56 =58 522

* Each value is the mean = S.E. of the number of determinations indicated in

parentheses.

t <0.01. when compared to age-paired WKY.
1 <0.05, when compared to age-paired WKY.

the hepatic microsomal content of cytochrome P-450 was
found to be only about 12 per cent greater, the hepatic
microsomal ethylmorphine N-demethylase activity was
approximately 40 per cent greater and the hepatic micro-
somal p-nitroanisole O-demethylase activity was approxi-
mately 20 per cent greater in 10- to 13-week-old SHR
{Table 2). In contrast, significant differences in either the
hepatic microsomal aniline hydroxylase or 7-ethoxyreso-
rufin O-deethylase activities were not observed between
10- to 13-week-old male SHR and WKY (Table 2). Since
at least two cytochrome s P-450 mediate the hepatic micro-
somal oxidative O-demethylation of p-nitroanisole [21] and
since the hepatic microsomal oxidative metabolism of ethyl-
morphine and 7-cthoxyresorufin is mediated by different
forms of cytochrome P-450 [16, 17]. these observations
suggest that there is an increased content of only a limited
number of cytochromes P-450 in hepatic microsomes of 10-
to 13-week-old male SHR.

Having demonstrated that the hepatic microsomal mono-
oxygenations of certain xenobiotics are indeed altered in
male SHR at 10 to 13 weeks of age. heaptic microsomal
oxidative drug metabolism was next investigated in
4-week-old and 20- to 22-week-old animals to determine
if these alterations were dependent upon the severity of
the hypertensive condition. At 4 weeks of age. the systolic
arterial blood pressures of SHR maintained in this colony
are only slightly (i.e. 12mm Hg) greater than those of
age-paired WKY [22]. Thus, 4-week-old SHR are in the
initial stages in the development of the hypertensive con-
dition. At this age. differences were not observed between
male SHR and WKY in either body weight, liver wet
weight, or yield of hepatic microsomal protein (Table 2).
The data presented in Table 2 further show that significant
differences were not observed between SHR and WKY in
either the hepatic microsomal contents of cytochromes P-
450" and bs or in the hepatic microsomal ethylmorphine
N-demethylase and NADPH-cytochrome ¢ reductase
activities. Similar results were obtained when 20- to 22-
week-old SHR and WKY were employed (Table 2),
although SHR at this age are in a period of sustained
hypertension (systolic arterial blood pressures of 197
4 mm Hg) which continues until death [23].

To determine if the greater rate of ethylmorphine N-
demethylation catalyzed by hepatic microsomes prepared
from 10- to 13-week-old male SHR resulted from an
enhanced interaction of ethylmorphine with oxidized cyto-
chrome P-450, the type T spectral change produced by the

addition of ethylmorphine to hepatic microsomes was
examined. The data presented in Table 3 show that the
theoretical maximal absorbance change (AA,,,,) calculated
for the ethylmorphine-induced type I binding spectrum was
significantly greater in hepatic microsomes prepared {rom
10- to 13-week-old SHR. The difference in AA,,,, between
SHR and WKY was significant when expressed both on
the basis of microsomal protein (33 per cent greater in
SHR) and on the basis of the hepatic microsomal cyto-
chrome P-450 content (31 per cent greater in SHR).
Although the AA,,, was greater in SHR. a significant
difference was not found in the apparent K, value deter-
mined for the interaction of cthylmorphine with ferric
cytochrome P-450 in SHR and WKY. In contrast to the
enhanced interaction observed between ethytmorphine and
cytochrome P-450 in hepatic microsomes prepared from
SHR, significant differences were not found in cither the
AA .« Or the apparent K| value determined for the inter-
action of aniline with oxidized hepatic microsomal cyto-
chrome P-450 (data not presented). Consistent with the
observation that alterations in hepatic microsomal oxidative
drug metabolism in male SHR are age-dependent, differ-
ences were not observed between male SHR and WKY at
either 4 or 20~-22 weeks of age in the theorctical maximal
absorbance change (AA.) or in the apparent K, vahie
determined for the interaction of ethylmorphine with
hepatic microsomal cytochrome P-450 (Table 3).

The results of this study are in disagreement with those
of Yates et al. [5] who did not observe a significant differ-
ence in the content of hepatic microsomal cytochrome
P-450 between 10- to 14-week-old saline-pretreated male
SHR and normotensive Wistar rats. However. Yates ez al.
did obsecrve a greater hepatic microsomal NADPH-cvto-
chrome ¢ reductase activity in the saline-pretreated SHR.
This discrepancy may be due to the use of different controls
in the two studies: Yates ef al. [5] employed an inbred
Wistar rat as the control for SHR whereas WKY were
employed as the SHR control in the present study.

In summary, the findings of the present study indicate
that essential hypertension is not always associated with
alterations in hepatic microsomal xenobiotic monooxygen-
ase activity. but rather, the hepatic microsomal oxidative
metabolism of certain xenobiotics may only be altered
during certain stages in the development of the hypertensive
condition. This relationship would explain the discrepancies
between the findings of Vainionpaa er al. [2] who used
older SHR and of Willis and Queener [3] and Yates er al.
{5] who used 10-to 14-week-old SHR.



Short communications

Acknowledgements—The authors wish to thank Dr.
Michael J. Brody for his many helpful suggestions and Ms.
Jane Morgan for her expert technical assistance. This
investigation was supported, in part, by United States
Public Health Service Grant GM-12675.

PHILLIP GREENSPAN*
JEFFREY BARONT

The Toxicology Center
Department of Pharmacology
College of Medicine

The University of lowa

lowa City, 1A 52242, U.S.A.

* Present address: Department of Pathology, Wake For-
est University, Bowman Gray School of Medicine, Win-
ston-Salem, NC 27103.

+ To whom requests for reprints should be addressed.
Recipient of Research Career Development Award 00091
from the National Institute of Arthritis, Metabolism, and
Digestive Diseases.

REFERENCES

1. K.Okamoto and K. Aoki, Jap. Circul. J. 27, 28 (1963).

2. V. Vainonpaa, E. R. Heikkinen and H. Vapaatalo,
Pharmac. Res. Commun. 6, 343 (1974).

3. L. R. Willis and S. F. Queener, Can. J. Physiol. Phar-
mac. 55, 1205 (1977).

4. C. E. Hall, S. Ayachi and O. Hall, Clin. exp. Pharmac.
Physiol. (Suppl.) 3, 83 (1976).

5

~

10.
11.

12.
13.

14.
15.

16.

18.
. T. Omura and R. Sato, J. biol. Chem. 239, 2379 (1964).
20.

21,

22.
23.

681

. M. S. Yates, C. R. Hiley and D. J. Back, Life Sci. 24,

535 (1979).

. P. Greenspan and J. Baron, Fedn Proc. 37, 768 (1978).
. L. T. Lais and M. J. Brody, Eur. J. Pharmac. 47, 177

(1978).

. M. Friedman and S. C. Freed, Proc. Soc. exp. Biol.

Med. 70, 670 (1949).

. J. R. Cooper and B. B. Brodie, J. Pharmac. exp. Ther.

114, 409 (1955).

B.S.S.Masters, J. Baron, W. E. Taylor, E. L. Isaacson
and J. LoSpalluto, J. biol. Chem. 246, 4143 (1971).
A. G. Gornall, C. J. Bardawill and M. M. David, J.
biol. Chem. 177, 751 (1949).

T. Nash, Biochem. J. 55, 416 (1953).

J. Cochin and J. Axelrod, J. Pharmac. exp. Ther. 125,
105 (1959).

J. B. Schenkman, H. Remmer and R. W. Estabrook,
Molec. Pharmac. 3, 113 (1967).

M. K. Buening and M. R. Franklin, Drug Metab.
Dispos. 4, 244 (1976).

M. D. Burke and R. T. Mayer, Drug Metab. Dispos.
2, 383 (1974).

. M. D. Burke and R. T. Mayer, Drug Metab. Dispos.

3, 245 (1975).
T. Omura and R. Sato, J. biol. Chem. 239, 2370 (1964).

J. B. Schenkman, I. Frey, H. Remmer and R. W.
Estabrook, Molec. Pharmac. 3, 516 (1967).

T. E. Gram, A. M. Guarino, F. E. Greene, P. L.
Gigon and J. R. Gillette, Biochem. Pharmac. 17, 1769
(1968).

L. T. Lais, L. L. Rios, S. Boutelle, G. F. DiBona and
M. J. Brody, Blood Vessels 14, 277 (1977).

I. Albrecht, Jap. Circul. J. 38, 985 (1974).



