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One of the most extensively studied animal models of 
human essential hypertension is the spontaneously hyper- 
tensive rat (SHR) developed by Qkamoto and Aoki [l] in 
1962-1963 by means of selective inbreeding in a colony of 
Wistar rats. In 1974, Vainionpaa et 01. [2] reported that 
the in uioo metabolism of hexobarbital. the in vitro oxi- 
dative metabolism of aminopyrinc or OF 3,4-benzpyrene. 
or the content of cytochrome P-450 In hepatic microsomes 
was not altered in SHR in comparison with normotensive 
Wistar rats. Wilhs and Queener f3], however, subsequenttp 
reported that pentobarbita~ sleeping times were signifi- 
cantly shorter in IO- to 14week-old SHR than in Wistar- 
Kyoto rars (WKY), the normotensive controt for SHR [l]. 
and Hall et al. j47 have reported similar observations. More 
recently, Yates et al. [S] observed that the NADPH-cyto- 
chrome c reduetase activity was slightly greater in hepatic 
microsomes of saline-pretreated SWR in comparison with 
the activity catalyzed by hepatic microsomcs 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- 
its, 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 towa and were of the forty- 
third through the forty-fifth generations when tracked back 
to the originaf pairing that resulted in the derivation of the 
strain. Male W-KY w&e from a colony maintained in these 
facilities under the same conditions as were SHR. WKY 
are descended directly fror.,, a cotony of Wistar-Kyoto rats 
from which SHR were originally isolated and are presently 
considered to be the most appropriate control for SHR 
171. Systolic arterial blood pressures of lo- 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 [S]. 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 detcc- 
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. 
hexobarbitaf was dissolved in saline made alk&t~ bv the 
droowise addition of 1 N NaOH and was adminisrered 
intrap~riton~al[y to IO- to 1%week-old animals at a dose 
of 200 m&kg. The duration of sleep was determined from 
the time at which the righting reffex was lost to the time 
at which the rats regained the righting refiex. Upon regain- 
ing the righting reffex, rats were decapitated and trunk 
blood was collected. The plasma ieveis of hexoharbital 
were then determined as described by Cooper and Brodie 
191. 

Rats were fasted for 24 hr and then were decapitated. 
Livers were excised after perfusion in situ with iceeold 
0.154 M N&I, and 10% (w/v) homogenates were prepared 
in ice-cold 0.25 M sucrose. The heoatic microsomal fraction 
was then isolated as described by Master a nl. [lO]. f’rotein 

was determined by the biuret method using bovine serum 
albumin as the standard ft I]. 

Hepatie microsomal NADPH-~vtoehrome c rcductass 
activity was determined at 25” as described by Masters eg 
a[. ilO]. The *~-demeth~~ation of ethv~m~?rohjn~ catafvzed 
by he&c microsomes was determinhd at 2$ by measuring 
the rate of formation of formaldehyde employing the 
method of Nash 1121 as modified by Cochin and Axclrod 
[13]. Each 7-ml reaction mixture contained JJ mg of micro- 
somal protein, 8 mM ethylmorphine. 150 mM KCI, 10 mM 
MgCI,. and 50mM Tris-HCI buffer. pH 7.4. After the 
addition of 200 {cM NADPH, I-ml aliquots were removed 
every 30 set for the determination of formaldehyde. 
Hepatic microsomal aniline hydroxylase activity was deter- 
mined at 25” by measuring the rate of formation of F>- 
aminophenol according to the method of Schenkman (JI trl. 
]14]. The O-demethylation of p-nitroanisolc catalyzed by 
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Table 1. Systolic arterial blood pressures, hexobarbital sleeping times, and plasma con- 
centrations of hexobarbital upon awakening in lo- to 13-week-old male SHR and WKY* 

Systolic arterial 
blood pressure 

(mm Hg; N = 14) 

Hexobarbital 
sleeping time 
(min; N = 5) 

Plasma concentration of 
hexobarbital upon awakening 

(pgiml; N = 4) 

SHR 169 + 4; 41251 50.2 t 2.9 
WKY 12823 782 11 57.4 Itr 4. I 

* Each value is the mean +- S.E. of the number of determinations indicated in 
parentheses. 

t P < 0.001, when compared to WKY. 
i P < 0.01, when compared to WKY. 

hepatic microsomes was determined spectrophotometri- 
tally at 25” as described by Buening and Franklin [lS]. and 
the 0-deethylation of 7-ethoxyresorufin was determined 
fluorometrically at 37” as described by Burke and Mayer 
[16,17]. Ail enzymatic activities were linear with time and 
were directly proportional to rhe 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, 191. Ethylmorphine-induced type I 
and aniline-induced type II binding spectra were deter- 
mined as described by Schenkman et al. [ 14,201. Apparent 
spectral dissociation constants (KJ 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 

the wavelength pairs 388-422 nm for the type I spectral 
change and 430-394 nm for the type II 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 lo- 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 l), indicating that 
the shortened hexobarbital sleeping 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 lo- to 13- 
week-old SHR. Significant differences were not observed 
in either the hepatic microsomal cytochrome bl content or 
NADPH-cytochrome c reductase activity (Table 2). While 

Table 2. Body weights, liver weights, yields of microsomal protein, hepatic microsomal cytochromes P-450 and bS 
contents, and enzymatic activities of male SHR and WKY* 

it-week-old lo- to 13-week-old ZO- to 22-week-old 

Variable SHR WKY SHR WKY SHR WKY 

Body weight (g) 
Liver wet weight (g) 
Yield of microsomal protein 
(mg/g liver) 
Cytochrome P-450 
(nmolesimg protein) 
Cytochrome bS 
(nmolesimg protein) 
NADPH-cytochrome c reductase 
activity [nmoles cytochrome c 
reduced ’ min-’ . mg protein-‘] 
Ethylmorphine N-demethylase 
activity [nmoles HCHO formed. 
min-’ . mg protein-‘] 
p-Nitroanisole 0-demethylase 
activity [nmoles p-nitrophenol 
formed . min-’ . mg protein-‘] 
Aniline hydroxylase activity 
[nmoles p-aminophenol formed. 
min-’ . mg protein-‘] 
7-Ethoxyresorulin 0-deethylase 
activity [nmoles resorufin formed. 
min.’ 1 mg protein-‘] 

49 t 5 59 + 2 226 2 6 
2.4 t 0.2 2.6 + 0.2 8.2 2 0.2 

8.1 rt 1.2 8.0 t 0.9 10.7 ” 0.6 

0.52 t 0.02 0.60 4 0.03 0.83 + 0.021 

0.33 +- 0.02 0.32 ir 0.03 0.42 2 0.01 

122 t 13 118 t 8 118 + 10 

3.4 t 0.4 3.9 2 0.4 5.7 2 0.4$ 

1.34 * 0.075 

0.21 Z? 0.01 

0.076 2 0.015 

* Each value is the mean 2 S.E. of at least five experiments. 
t P < 0.01, when compared to age-paired WKY. 
$ P < 0.005, when compared to age-paired WKY. 
li P < 0.05, when compared to age-paired WKY. 

245 rt 6 
8.3 Z?Z 0.4 

11.2 + 0.5 

0.74 t 0.02 

0.40 i: 0.01 

ill c 8 

4.1 r 0.3 

1.11 + 0.06 

0.23 & 0.01 

0.083 ir: 0.014 

314 t 10 347 2 12 
9.4 2 0.3 8.9 ? 0.3 

10.0 ‘r 0.7 11.2 2 0.9 

0.87 -+ 0.06 0.84 +- 0.06 

0.46 * 0.04 0.50 * 0.03 

123 i 11 122 + 13 

6.8 2 0.6 5.8 c 0.6 
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Table 3. Type 1 spectral change produced by the addition of ethylmorpl~ine 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 rt t1.001 0.01 1 +- O.Ol)I 

A,4,,,,inmole cytochrome P-450 0.01 1 i- I~.001 1).010 + 0.001 
K W) 50 -!: 5 50 k 3 

IO- to l3-Week-old male rats (N = 5) 
AA,,,/2 mg protein 0.029 t 0.002i 0.01’) i- 0.002 

AA,&rmole cytochrome P-450 o.t117 t o.oot$ 0.013 + 0.001 

6 (.@I) 582 I1 50 t 7 

20- to Z-Week-old male rats (N = 1) 
AA,,,,/2 mg protein 0.024 It 0.002 0.021 t 0.00-t 

AA,&mole cytochrnme P-450 0.015 It o.otll 0.015 1 O.OOl 

K, (MI) 56 i 5 52 2 3 

* Each value is the mean 2 S.E. of the number ol’ determinations indicated in 
parentheses. 

i- <O.c)l. when compared to age-paired WKY. 
$ <O.OS, when compared to age-paired WKY. 

the hepatic microsomal content of cytochromc P-350 was 
found to be only about 12 per cent greater. the hepatic 
microsomal ethylmorphine N-demethylase activity was 
appr[~ximately 40 per cent greater and the hepatic micro- 
somal ~-nitroanis~~le CFdemethylasc activity was approxi- 
mately 20 per cent greater in IO- 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 
IO- to l3-week-old male SHR and WKY (Table 2). Since 
at least two cytochromL.> P-4X) mediate the hepatic micro- 
somal oxidative 0demethylation ofp-nitroanisole 1211 and 
since the hepatic microsomal oxidative metabolism of ethyl- 
morphine and 7-ethoxyresorufin 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 IO- 
to 1%week-old male SHR. 

Having demonstrated that the hepatic microsomal mono- 
oxygen~~tions of certain xenobiotics are indeed altered in 
male SHR at 10 to 13 weeks of age. hcaptic 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 scveriry of 
the hypertensive condition. At 4 weeks of age. the systolic 
arterial blood pressures of SHR maintained in this colonv 
arc only slightly (i.e. l2mm Hg) greater than those of 
age-paired WKY [22]. Thus, 4-vveek-old SHR are in the 
initial stages in the development of the hypertensive con- 
dition. At this age. dil’fercnccs were not observed between 
male SHR and WKY in either body weight, liver waet 
weight. or yield of hepatic microsomai protein (Table 2). 
The data presented in Table 2 further show that significant 
differences were not observed between SHR and WKY in 
tither the hcpatic microsomal contents of cyt~~chromes P- 
450’ and h, or in the hepatic microsomal ethylmorphine 
.~-demethylase and NADPH-cytochrome c 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 IO- to 13.week-old male SHR resulted from an 
enhanced interaction of ethylmorphine with oxidized cyto- 
chrome P-450, the type I 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 micr~~somes prepared Cram 
IO- to 13-week-old SHR. The difference in AA,,,,,, bctwccn 
SHR and WKY was significant when expressed both on 
the basis of microsomal protein (53 per cent grcntcr 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 dctrr- 
mined for the interaction of ethylmorphinc with l’erric 
cytochrome P-450 in SHR and WKY. In contrast to the 
enhanced interaction observed hetwccn cthylmorphinc and 
cytochrome P-450 in hcpatic microsomes prepared (‘roni 
SHR, significant dil’ferences were not found in cithcr the 

A‘%,, or the apparent EC, value determined l’or the intcr- 
action of aniline with oxidized hepatic microsomal cyto- 
chrome P-450 (data not presented). Consistent with the 
observation that alterations in l~epaticrnicrosomal oxidative 
drug metabolism in male SHR are age-dependent. diffcr- 
ences were not observed between male SHR and WKY at 
either 4 or 20-22 weeks of age in the thcorctical m;iximal 
absorbance change (AA,,,,) or in the apparent K, value 
determined for the interaction 01‘ ethylmorphinc with 
hepatic microsomal cytochrome P-450 (Table 3). 

The results of this study are in disagreement with those 
of Yates cl cl/. 1-51 who did not observe a significant differ- 
ence in the content of hepatic microsomal cytochromc 
P-450 between IO- to 14week-old saline-pretreated ~nale 

SHR and normotensive Wistar rats. Howcvcr. Yates (‘I (il. 
did observe a greater hcpatic microsomai NADPH-cyto- 
chrome c reductasc activity in the saline-pretreated SHR. 
This discrepancy may hc due to the use of different controls 
in the two studies: Yates cf cri. 151 employed an mhrcd 
Wistur rat a5 the control for SHR whcrcas WKY wcrc 
employed as the SHR control in the present study:. 

In summary, the findings of the present study mdicatc 
that essential hypertension is not always associated with 
alterations in hepatic microsomal xenobtotic monooxygcn- 
ase activity. but rather. the hepatic microsomal oxidative 
metabolism of certain xenobiotics may only he altcrcd 
during certain stages in the development of the hypertcnaivc 
condition. This relationship would explain the discrepancica 
between the findings of Vainionpaa er ~1. 121 who used 
older SHR and of Willis and Oueener [3] and Yates cig ill. 
[5] who used IO-to 14.week-old SHR. 
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