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~ R Y  

Rats which were unilaterally nephrectomized and treated with deoxycorticos- 
terone acetate and saline developed hypertension, and had an increased heart 
weight. Treatment of these rats with coenzyme Q:0 effected a lower level of hyper- 
tension and normalized the heart weight. The specific activities of the succin- 
ate dehydrogenase-CoQx o reductase of leucocytes from these hypertensive rats show- 
ed an increase (P<0.05) in the deficiency of CoQx0-enzyme activity~ treatment with 
CoQ1 o lowered (P<0.05) the activity to that of the normal group. Leucocytes are 
convenient and sensitive for monitoring COQ1o-enzymes. A deficiency of CoQx 0 in 
hypertension is undesirable for effective bioenergetics and might be corrected by 
t h e r a p y  w i t h  CoQao. 

INTRODUCTION 

Ysmagami e t  a l .  (1 )  r e p o r t e d  upon  a d e f i c i e n c y  of  coenzyme Qlo i n  l e u c o c y t e s  

from patients having hypertension. They found that the specific activity of the 

succinate dehydrogenase-coenzyme Q1o reductase in mitochondria from leucocytes 

from certain patients with essential hypertension was not only lower (P<0.O01)~ 

but was deficien% (P<0.001) in comparison with healthy individuals with good nu- 

trition. They summarized information supporting the suggestion that a deficiency 

of coenzyme Ql0 may he of some clinical significance in human hypertension. 

Igarashi et sl. (2) and Yamagami et al. (3) observed a partial but not a 

total reduction of the experimental hypertension in rats~ which is induced by 
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d e o x y c o r t i c o s t e r o n e  a c e t a t e  and s a l i n e ,  when s u c h  r a t s  w e re  t r e a t e d  w i t h  c o e n -  

zyme Q10. I g a r a s h i  e t  a l .  (2)  i n v e s t i g a t e d  t h e  c o n t e n t  o f  s o d i u m  and p o t a s s i u m  

i n  t h e  p l a s m a  and i n  t h e  t i s s u e s  o f  t h e s e  h y p e r t e n s i v e  r a t s ~  and f o u n d  t h a t  t h e  

Na/K r a t i o  was h i g h e r  i n  t h e  h y p e r t e n s i v e  t h a n  i n  t h e  n o r m a l  r a t s ~  and t h a t  t h e  

Coenzyme Q. 182.  

r a t i o  d e c r e a s e d  w i t h  t r e a t m e n t  w i t h  coenzyme  Qlo .  Yamagami e t  a l .  (3)  o b s e r v e d  
I ,  . . f T  

t h a t  a c o m p o n e n t  o f  t h e  a n t l h y p e r t e n s l v e  a c t i o n  o f  c oe nz yme  Q*o m i g h t  be  b a s e d  

on t h e  d e c r e a s e  o f  t h e  h y p e r s e n s i t i v i t y  o f  t h e  p e r i p h e r a l  v e s s e l s  t o  n o r e p i n -  

e p h r i n e .  

The S p e c i f i c  a c t i v i t i e s  of  t h e  s u c c i n a t e  d e h y d r o g e n a s e - c o e n z y m e  Qlo r e d u c -  

t a s e  i n  m i t o c h o n d r i a l  p r e p a r a t i o n s  f rom t h e  l e u c o c y t e s ,  l i v e r ,  k i d n e y ~  and h e a r t  

f r om t h e s e  h y p e r t e n s i v e  r a t s  h a v e  b e e n  d e t e r m i n e d ,  and a f t e r  s u c h  r a t s  w e re  

t r e a t e d  w i t h  coenzyme  Qlo .  

MATERIALS AND METHODS 

Thirty-five rats~ weighing 180-200 g, were divided into three groups. Twelve 

rats constituted a normal control groupj and were fed a customary laboratory diet. 

Another group of 12 rats were unilaterally nephrectomized, and were orally treat- 

ed with 0.9~ saline, and 25 mg/kg of deoxycorticosterone acetate (DOCA) by intra- 

muscular injection once a week to induce hypertension. Hypertension was Similar- 

ly induced into a third group of II rats which were orally treated with coenzyme 

Q1o dissolved in corn oil. The dose of eoenzyme Q1o was 50 mg/kg during the 

first 4 weeks and then the dose was increased to I00 mg/kg for the fifth and 

sixth weeks. The systolic blood pressure was recorded every week as described 

(3). The rats were sacrificed after 6 weeks by decapitation~ and whole blood~ 

hearts~ kidneys~ and livers were removed for enzyme assays. 

The blood samples from the rats were processed and assayed as described by 

Nakamura et al. (4) for the determination of the specific activities of the suc- 

einate dehydrogenase-coenzyme Q reductase~ and the tissue of the hearts~ kidneys~ 

and livers were processed essentially as described by Littarru et al. (5) for 

the enzyme assay. 

RESULTS 

Yamagami et al. (3) described studies on the reduction by coenzyme Ql0 of 

experimental hypertension in rats which is induced by deoxycorticosterone and 

saline. They also related their studies to the literature and the citations and 

relationships are not herein repeated. They showed the partial but not complete 

control by coenzyme Qlo of hypertension in this animal model. The systolic blood 

pressure was elevated in both the untreated and C0Q1o-treated groups (P<0.001) 

in comparison with that of the normal control group. This induced hypertension 
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was p a r t i a l l y  l o w e r e d  (P < 0 . 0 5 )  by  t h e  t r e a t m e n t  w i t h  coenzyme Qlo and c o n f i r m e d ~  

i n  p r i n c i p l e ~  d a t a  r e p o r t e d  by  I g a r a s h i  e t  a l .  ( 2 ) .  

The mean body  w e i g h t s  i n  t h e  n o r m a l  c o n t r o l  g r o u p  was a b o u t  321 g~ a b o u t  

262 g ( P < O . O 0 1 )  i n  t h e  u n t r e a t e d  h y p e r t e n s i v e  g roup~ and a b o u t  266 g ( P < O . O 0 1 )  

i n  t h e  C o Q l o - t r e a t e d  g r o u p .  I t  was p a r t i c u l a r l y  n o t e d  t h a t  t h e  mean w e i g h t s  o f  

t h e  h e a r t s  o f  t h e  n o n - t r e a t e d  h y p e r t e n s i v e  g r o u p  was g r e a t e r  ( P < 0 . 0 5 )  t h a n  t h a t  

o f  t h e  n o r m a l  c o n t r o l  g roup~  and t h a t  t r e a t i n g  t h e s e  h y p e r t e n s i v e  r a t s  w i t h  c o -  

enzyme Q10 a p p a r e n t l y  p r e v e n t e d  t h e  e n l a r g e m e n t  o f  t h e  h e a r t  and i t s  i n c r e a s e  i n  

weight. 

The data on the specific activities and the percent deficiencies of enzyme 

activities of the succinate dehydrogenase-coenzyme Q reductase (COQ1o-enzyme) 

for the leucocytes: livers~ kidneys~ and hearts of the three groups of rats which 

were sacrificed after the test period of 6 weeks are in Table I. 

The percent deficiency of the coenzyme Qlo-enzyme of the livers of the CoQ- 

treated hypertensive rats was lower (P<0.01) than that of the normal rats and 

that of the untreated controls. The livers of the normal control rats appeared 

deficient in CoQ10: and such deficiency was largely corrected by the administra- 

tion of CoQI o. Similarly~ the kidneys of the normal control rats also appeared 

Table I. DATA ON SUCCINATE DEHYDROGENASE-COQ REDUCTASE OF RAT TISSUES 

Groups  S p e c i f i c  S p e c i f i c  A c t i v a t i o n  % D e f i c i e n c y  
A c t i v i t y  A c t i v i t y  C o e f f i c i e n t  CoQlo-Enzyme 

w i t h  CoQ3 A c t i v i t y  

BLOOD 
Normal  i .  87§ S0 2 . 5 9 + 0 , 2 4  4 2 . 1 7 + 7 . 6 8  2 7 . 0 0 + 3 . 6 0  
H y p e r t e n s i v e  2 . 7 0 ~ 0 . 3 0  4 . 6 3 ~ 0 . 4 6  7 6 . 0 0 + 8 . 6 3  4 1 . 4 2 ~ 3 . 1 9  
H y p e r t e n s i v e -  3 . 0 9 ~ 0 . 3 4  4 . 5 1 ~ 0 . 5 5  4 7 . 8 2 + 9 . 7 0  2 9 . 0 9 ~ 5 . 0 2  

CoQ1 o T r e a t e d  

LIVER 
Normal  3 8 . 4 7 + 2 . 9 9  7 3 . 6 3 +  4 . 7 8  9 5 . 2 5 + 9 . 5 0  4 7 . 4 2 + 2 . 8 6  
H y p e r t e n s i v e  4 2 . 7 8 ~ 5 . 5 9  8 5 . 8 1 + 1 4 . 9 9  9 5 . 4 2 ~ 6 . 6 4  4 8 . 2 5 + 1 . 5 9  
H y p e r t e n s i v e -  7 1 . 1 7 + 8 . 0 2  1 0 2 . 3 4 ~  8 . 0 1  5 1 . 8 2 ~ 8 . 4 9  3 2 . 1 8 ~ 3 . 5 9  

CoQ1o T r e a t e d  

KIDNEY 
Normal  5 3 . 0 8 + 3 . 7 2  9 4 . 0 8 + 6 . 5 1  7 8 . 0 8 + 4 . 9 7  4 3 . 4 2  +1 .92  
H y p e r t e n s i v e  7 8 . 0 5 ~ 7 . 2 9  1 2 4 . 6 8 ~ 6 . 4 1  6 6 . 0 8 ~ 8 . 1 2  3 7 . 8 3 ~ 3 . 6 2  
H y p e r t e n s i v e -  9 3 . 6 4 ~ 7 . 7 6  1 3 8 . 8 6 ~ 9 . 4 3  5 0 . 9 1 ~ 4 . 3 3  3 3 . 1 8 + 1 . 9 3  

COQ1o T r e a t e d  

HEART 
Normal  i 0 7 . 7 9 + i 1 . 4 6  1 4 5 . 4 3 + 1 1 . 4 6  3 9 . 4 2 + 6 . 8 9  2 6 . 0 8 + 4 . 0 3  
H y p e r t e n s i v e  1 3 3 . 2 1 ~  9 . 2 4  1 9 5 . 4 9 ~ 1 4 . 0 9  4 9 . 2 5 ~ 4 . 3 4  3 2 . 5 0 + 1 . 9 4  
Hypertensive- 148.18~ 8.15 195.86~ 8.34 35.36~4.78 25.18~3.01 

COQlo Treated 

V a l u e s  a r e  Mean + S . E .  
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d e f i c i e n t  i n  c o e n z y m e  Qz0 a n d  w h i c h  was  s u b s t a n t i a l l y  a b s e n t  i n  t h e  C O Q z o - t r e a t -  

ed  r a t s .  T h e  e x p r e s s i o n  " n o r m a l "  r a t  i s  r e l a t i v e  f o r  s p e c i f i c  r e a s o n s j  i t  h a s  

b e e n  p r e v i o u s l y  o b s e r v e d  (6 )  t h a t  s o - c a l l e d  n o r m a l  a n i m a l s  w h i c h  a r e  m a i n t a i n e d  

on  o r d i n a r i l y  p u r c h a s e d  d i e t s  a r e  n o t  n e c e s s a r i l y  n o r m a l  i n  r e s p e c t  t o  s a t u r a t i o n  

w i t h  CoQ o f  C O Q l o - e n z y m e s  i n  t h e  t i s s u e ,  and  p r o b a b l y  i n  o t h e r  n u t r i t i o n a l  a s p e c t s .  

As t h e  l e v e l s  o f  c o e n z y m e  Qlo  v a r i e s  i n  t h o s e  t i s s u e s  o f  r a t s  w h i c h  a r e  i m p o r -  

t a n t  t o  t h e  p a t h o g e n e s i s  o f  t h e  h y p e r t e n s i o n ,  t h e  d e g r e e  o f  h y p e r t e n s i o n  t o  b e  

e l i c i t e d  w h e n  s u c h  " n o r m a l "  r a t s  a r e  t r e a t e d  w i t h  D O C A - s a l i n e  may  b e  e x p e c t e d  t o  

v a r y .  

I n  t h e  l e u c o c y t e s  of t h e  b l o o d  o f  t h e  u n t r e a t e d  h y p e r t e n s i v e  r a t s ~  t h e  

g r e a t e s t  i n c r e a s e  i n  t h e  p e r c e n t  o f  d e f i c i e n c y  o f  C o Q 1 0 - e n z y m e  a c t i v i t y  w a s  o b -  

s e r v e d .  T h e  p e r c e n t  d e f i c i e n c i e s  i n  t h e  k i d n e y s  and  l i v e r s  s h o w e d  n o  d i f f e r -  

e n c e  b e t w e e n  t h e  n o r m a l  r a t s  and  t h e  u n t r e a t e d  h y p e r t e n s i v e  r a t s ~  b u t  a s i g n i -  

f i c a n t  d e c r e a s e  ( P < 0 . 0 1 )  i n  c o m p a r i s o n  w i t h  n o r m a l  r a t s  w h e n  CoQ10 w a s  a d m i n i s -  

t e r e d  to the hypertensive rats. 

The actual level of COQlo-enzyme activity is the highest in heart tissue and 

the lowest in the leucocyte preparations from the blood. Regardless of the ab- 

sence or presence of coenzyme Qs in the differential assay, and for all three 

groups of rats, these relative levels are compatible with previous studies and 

r e ~ l e c t  a g a i n  t h e  i m p o r t a n c e  o f  b i o e n e r g e t i e s  t o  t h e  f u n c t i o n  o f  t h e  h e a r t .  

I t  i s  m e a n i n g f u l  t o  a p p r a i s e  t h e  d a t a  on  t h e  p e r c e n t  d e f i c i e n c y  o f  C o Q : 0 -  

e n z y m e  a c t i v i t y ~  b e c a u s e  t h i s  c r i t e r i o n  i s  d i r e c t l y  c o r r e l a t e d  w i t h  a d e f i c i e n c y  

o f  c o e n z y m e  Qlo  i n  t h e  t i s s u e  f r o m  w h i c h  t h e  m i t o c h o n d r i a l  p r e p a r a t i o n  was  m a d e .  

The  l e u c o c y t e  p r e p a r a t i o n s  f r o m  t h e  h y p e r t e n s i v e  r a t s  s h o w e d  a s i g n i f i c a n t  

d e f i c i e n c y  (P < 0 . 0 5 )  i n  C o Q 1 0 - e n z y m e  a c t i v i t y  i n  c o m p a r i s o n  w i t h  t h a t  o f  t h e  n o r -  

m a l  c o n t r o l  g r o u p .  T he  h y p e r t e n s i v e  r a t s  w h i c h  w e r e  t r e a t e d  w i t h  c o e n z y m e  Qio  

d i d  n o t  show a s i g n i f i c a n t  d e f i c i e n c y  a s  was  o b s e r v e d  f o r  t h e  n o r m a l  c o n t r o l  

g r o u p .  P e r c e n t  d e f i c i e n c i e s  o f  2 5 - 3 0 %  h a v e  b e e n  o b s e r v e d  f o r  r a t s  m a i n t a i n e d  o n  

o r d i n a r y  l a b o r a t o r y  d i e t s  w i t h  n o  s p e c i a l  p r e c a u t i o n s  a g a i n s t  o x i d a t i o n  o f  u n -  

s a t u r a t e d  l i p i d s  i n  t h e  d i e t .  

DISCUSSION 

T h e  d a t a  i n  T a b l e  1 w e r e  o b t a i n e d  u s i n g  r a t s  w i t h  an  o r d i n a r y  d i e t a r y  b a c k -  

g r o u n d  and  f r o m  a n o r m a l  s u p p l i e r  w h e r e  t h e r e  was  no  e f f o r t  b e f o r e  o r  a f t e r  t h e  

r a t s  w e r e  o b t a i n e d  t o  h a v e  t r u l y  n o r m a l  s a t u r a t i o n  w i t h  c o e n z y m e  Qlo  o f  c o e n z y m e  

Q z o - e n z y m e s  w i t h i n  m i t o c h o n d r i a  a n d  t h e  G o l g i  a p p a r a t u s .  F o r  e x a m p l e ,  t r e a t m e n t  

o f  h y p e r t e n s i v e  r a t s  w i t h  c o e n z y m e  Qzo r e d u c e d  t h e  d e f i c i e n c i e s  o f  a c t i v i t y  o f  

t h e  C o Q l o - e n z y m e  f o r  t h e  l i v e r s  a n d  h e a r t s  t o  a s i g n i f i c a n t  d e g r e e  (P < 0 . 0 1 ) .  

H o w e v e r ,  t h e  h y p e r t e n s i v e  s t a t e  d i d  n o t  l e a d  t o  a n  i n c r e a s e  i n  t h e  d e f i c i e n c y  
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of activity in the liver, kidney and heart in comparison wlth these organs of 

the normal control group. 

The leucocytes Of the blood were the most sensitive and revealed a signi- 

ficant increase (P(0.05) in deficiency of CoQ1o-enzyme activity. The leucocytes 

of the hypertensive rats which had been treated with coenzyme QIo revealed a sig- 

ficant reduction (P (0.05) of the deficiency. It is fortunate that the leucocytes 

show this sensitivity to the hypertensive state in response to treatment with 

eoenzyme qlo~ because leucocyte levels can be monitored without sacrifice of the 

animal. 

Whether there is a correlation between the levels of saturation with co- 

enzyme Q1o in its enzymes in leucocytes and the lowering of hypertension by treat- 

ment with coenzyme QIo is not clear~ but it seems reasonable. 

Perhaps the hypertensive state increases the need for coenzyme QIo which is 

not fulfilled by increased biosynthesis but can be provided through treatment 

with coenzyme QIo. 

A new methodology to detect and measure vitamin deficiencies in mammalian 

tissues has been reviewed by Folkers et al. (7). The methodology is based upon 

the enzyme activity of a coenzyme-apoenzyme complex in which the vitamin or its 

coenzyme form is indispensable to the activity of the enzyme complex. The prin- 

ciple of this assay was formulated by Folkers (8) as follows -- "The specific ac- 

tivity of a coenzyme-apoenzyme system is differentially assayed in the absence 

and in the presence of added coenzyme. A significant increase in the specific 

activity of the enzyme system in the presence of added coenzyme indicates a de- 

ficiency of the coenzyme at its site or of the vitamin in the tissue". 

Brin et al. (9) first utilized this principle to determine deficiencies of 

thiamin. Glatzle et al. (i0) similarly studied deficiencies of riboflavin in 

geriatric patients. Raika and Sauberlich (ll) and Krishmaswamy (12) assayed 

for deficiencies of vitamin B s by this principle. 

The extension of this principle to a new enzymatic assay for human defic- 

iencies of coenzyme Q10 was detailed by Nakamura et al. (iS) and this same assay 

may be used to seek and measure deficiencies of coenzyme q10 in experimental 

animal tissues including tissues of the hypertensive rats. Generally, the dual 

assay is performed on the mitoehondrial succinate dehydrogenase-coenzyme Q1o re- 

ductase, but it can also be applied to DPNH-cytochrome c reduetase. 

Data showingcertain deficiencies of coenzyme Q1o in biopsies of human 

hearts were reported by Littarru et al. (14~. The specific activity of the suc- 

clnate-dehydrogenase-coenzyme QIo reductase of the ventricle wall of the human 

heart was about 123 nmoles/mg/min. Littarru et al. (5) found about the same 

level (S.A. 141) of enzyme activity for the heart tissue of the rabbit. The 

specific activity of this CoQ1o-enzyme of the normal rats (Table l) was 108 and 
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i n  the  presence  of coenzyme Q3, the  s p e c i f i c  a c t i v i t y  was 145. For  b lood ,  the  

s p e c i f i c  a c t i v i t y  of t h i s  CoQlo-enzyme i n  the  l eucocy t e s  was found by Nakamura 

e t  a l .  (13) t o  be 1.56 f o r  h e a l t h y  persons and t h a t  of the  normal r a t s  (Table 1) 

was 1 .87.  I t  i s  apparent  t h a t  the  l e v e l  of s p e c i f i c  a c t i v i t y  of t h i s  CoQ10-en- 

zyme is approximately the same in humans, rabbits and rats. 

It can be suggested that an increased deficiency of coenzyme Q*o in the 

hypertensive state is an undesirable condition for effective bioenergetics and 

particularly as required for ion transport including sodium. Correction of a 

deficiency of coenzyme Q~o would surely be a desirable contribution to the con- 

trol of hypertension. 
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