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Ubiquinone (coenzyme Q)  and the regulation o f  basal metabolic rate 
by thyroid hormones 

Many  e x p l a n a t i o n s  of the  calor igenic  ac t ion  of t h y r o i d  ho rmones  h a v e  been  based  
,m the i r  effects on t h e  ac t iv i ty ,  or a m o u n t ,  of e n z y m e s  or o the r  c o n s t i t u e n t s  i nvo lved  
in t h e  e lec t ron  t r a n s p o r t  a n d  p h o s p h o r y l a t i o n  s y s t e m s  (see ref. I). There  is ev idence  
now t h a t  u b i q u i n o n e s  or coenzymes  Q are m e m b e r s  of t h e  m i t o c h o n d r i a l  r e s p i r a t o r y  
chain  z and  e x p e r i m e n t a l  h y p e r t h y r o i d i s m  or thy ro tox icos i s  in t he  r a t  led to  large 
increases  in t h e  u b i q u i n o n e  c o n t e n t  of t h e  l iver  3-5. I t  is, however ,  n o t  possible to  tell 
f rom the  l a t t e r  s tud ies  w h e t h e r  it is t h e  increase  in  u b i q u i n o n e  c o n t e n t  which  causes  
an e l eva t ion  of t he  basa l  m e t a b o l i c  r a t e  or, converse ly ,  t h a t  an  inc reased  level of 
u b i q u i n o n e  resu l t s  f rom a h igher  r a t e  of va r ious  cel lular  processes,  since t h y r o i d  
h o r m o n e s  were  a d m i n i s t e r e d  " c h r o n i c a l l y "  or  over  a r e l a t ive ly  long per iod  before 
m e a s u r e m e n t  of t h e  qu inone .  In  o t h e r  s tud ies  in our  l a b o r a t o r y  on the  ac t ion  of 
t hy ro id  h o r m o n e s  a t  t h e  ceil levele, v, p r i m a r y  ac t ions  could be d i ssoc ia ted  f rom t h e  
s e c o n d a r y  b y  s t u d y i n g  changes  in ce l lu lar  func t ions  or c o n s t i t u e n t s  as a func t ion  of 
t ime  a f te r  the  a d m i n i s t r a t i o n  to  th}~roidectomized ra t s  of a single, smal l  dose of 
t h y r o i d  ho rmone .  This  c o m m u n i c a t i o n  descr ibes  e x p e r i m e n t s  to  d e t e r m i n e  w h e t h e r  
changes  in u b i q u i n o n e  c o n t e n t  in  va r ious  t issues  precede  or a c c o m p a n y  the  ini t ia l  
s t i m u l a t i o n  of t h e  basa l  m e t a b o l i c  r a t e  b y  nea r ly  phys io logica l  a m o u n t s  of thyToid 
ltcwmone. 

" C h r o n i c "  h y p e r t h y r o i d i s m  was  i n d u c e d  b y  t h e  in jec t ion  to  n o r m a l  ma le  "~tistar 
r a t s  (12o-15o g) of 25-30  b~g of L - thy rox ine  or  3 ,5 ,3 ' - t r i iodo-L- thyron ine  e v e r y  f o u r t h  
,w t h i r d  day ,  respec t ive ly ,  over  a per iod  of 24 days .  R a t s  were  ki l led 4 clays a f te r  
the  las t  in jec t ion ,  i n  t he  " a c u t e "  s tudies ,  a s ingle in jec t ion  of 25 t~g of t r i iodoth3rronine  
was  m a d e  to  I 5 O - I 8 o - g  r a t s  which  were  r a d i o t h y r o i d e c t o m i z e d  (~axI) a t  least  6 weeRs 
,-arlier. T h e  basal  me t abo l i c  r a t e  of e v e r y  a n i m a l  was  m e a s u r e d  wi th in  a h of killing. 
The  m e t h o d s  for t h e  m e a s u r e m e n t  of t h e  basa l  me t abo l i c  r a t e  as well as those  of 
r e s p i r a t o r y  q u o t i e n t  a n d  o x i d a t i v e  p h o s p h o r y l a t i o n  in m i t o c h o n d r i a  are desc r ibed  
elsewhere 7. H e a r t ,  l iver  a n d  ske le ta l  musc le  f rom h ind  legs were  r e m o v e d  a n d  f rozen 
i m m e d i a t e l y  u p o n  ki l l ing a n d  t h e  ub iqu inone -45  (coenzyme Qg) con t en t ,  in t i ssue  
pooled  f rom 3-6  a n i m a l s  pe r  g roup ,  d e t e r m i n e d  b y  one of t h e  fol lowing two  pro-  
cedures .  

Me thod  I" Minced  h e a r t  of l iver  was  saponi f ied  wi th  a m i x t u r e  of K O H ,  m e t h a n o l  
a n d  p3~rogallol before  e x t r a c t i o n  w i th  n - h e x a n e  accord ing  to  CRAZ~E et al. s. U b i q u i n o n e  
was  d e t e r m i n e d  spec t roscop ica l ly  in t h e  e thano l - so lub le  m a t e r i a l  of t he  e x t r a c t  f rom 
~he difference in u l t r a v i o l e t  a b s o r p t i o n  a t  275 m/~ before  a n d  a f t e r  t he  a d d i t o n  
,>f K B H  4. T h e  reduc ib le  m a t e r i a l  was  cons idered  as ub iqu inone -45  (coenzyme Qg) 
w i t h  AE,  ~,,~ --- 154. 

Me thod  I I  "The  non-sapon i f i ca t ion  p r o c e d u r e  of BEYER, NOBLE AND HIRSCHVELD 9 
• ,va:~ .zdaptcd for d i rect  e.~-_traction of ske le ta l  musc le  a n d  liver.  L ive r  was  h o m o g e n i z e d  
in 6 vol. of wa te r ,  a n d  sl~eletal musc le  in a m i x t u r e  of o.x M KC1, 0.05 M Tris  buffer  
(pH 7.4), o .ooI  M ATP,  o.oo5 M MgSO 4 a n d  o .ooi  M E D T A ,  before  e x t r a c t i o n  w i th  
acetone.  T h e  v o l u m e  of t h e  ace tone  e x t r a c t  was  r e d u c e d  u n d e r  low pressure  u n d e r  
n i t rogen  a n d  t h e  res idue  e x t r a c t e d  r e p e a t e d l y  w i th  i so-oc tane  a f te r  t he  a d d i t i o n  of 
me thano l .  T h e  c o m b i n e d  i so-oc tane  e x t r a c t s  were  w a s h e d  wi th  w a t e r  a n d  dr ied  ove r  
anhyd .  Na~SO 4. T h e  u b i q u i n o n e  was  t h e n  a d s o r b e d  on a silicic a c i d -  celite (2 : I )  
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mixture  and eluted with c h l o r o f o r m - i s o - o c t a n e  ( I : I ) .  The ubiquinone content  ,~fl 
the dried ext rac t  was de te rmined  spectroscopically in an ethanol  solution. Added 
ubiquinone was recovered in 70-85 % yield in both procedures. 

I t  is seen in Table I t ha t  repeated adminis t ra t ion  of thyroid  hormone signifi- 
can t ly  increased, and thyToidectomylowered,  the basal metabol ic  ra te  and respiratory. 
rates of liver and muscle mi tochondr ia  wi thout  affecting the efficiency of oxidati,~,e 
phosphorylat ion.  Ubiquinone levels were at  best  20-50 % higher in tissues of "chroni-  
ca l ly"  hypermetabol ic  rats.  This increase in liver abiquinone after repeated thyroid-  
hormone t r e a tmen t  is considerably less than  tha t  reported by  other authors  2~ (who 
found the level to be increased b y  over 15o % in liver) bu t  who found no change ~n 
heart  ubiquinone levels, af ter  thyrotoxicosis  was induced. The smaller amounts  ,~f 
thyroid  hormone used b y  us m a y  account  for this difference. In  the  " acu t e "  e~zpe~ 
ments  performed to detect  any  changes in ubiquinone level dur ing the e a r l y p h a s e  
of the s t imula t ion  of metabol ic  act ivi ty ,  values obta ined 49 h after  an injection ,ot 
triiodoth3,'ronine to thyro idec tomized  rats  have  been selected. This is based on oflxer 
work in our laboratory,  which showed tha t  initial s t imulat ion of the basal  metabol ic  
rate  and various cellular activit ies can be dis t inct ly  observed at  this  t ime irrter~-al~,7. 
It is therefore significant t ha t  the  level of ubiquinone in all three tissues did mot 
increase when the basal  metabol ic  rate  and liver and muscle mitochondria l  respirator~y 
ac t iv i ty  had increased b y  25, 55 and 5z %, respectively.  

In conclusion, the use of low doses of thyro id  hormones,  adminis tered  repeate'd!~., 
par t ia l ly  confirms earlier reports  on the increased ubiquinone levels in livers ,of ~at~ 
made  thvrotoxic  2-4. However ,  our failure to observe a n y  ear ly  change in ub iqu imme 
concentra t ion in the " a c u t e "  exper iments  at  a t ime when the  basal  m e t a b 0 1 i c , m e  
was increasing suggests t ha t  changes in to ta l  tissue ubiquinone level m a y  be a n  attar_ 
.tation to, ra ther  than  the  cause of, increased metabol ic  act ivi ty .  Fur thermore ,  ~he 
exact  role o.f ubiquinone in oxidat ive phosphoryla t ion  is not  yet  defined a n d  ffflae 
absence of an uncoupl ing effect after  both  "chron ic"  and " a c u t e "  s t imula t ion ,of  rtthe 
basic metabol ic  rate  b y  t r i iodothyronine  should be considered before a t t r ibu t ing  m 
physiological mean ing  to changes in tissue ubiquinone levels. The above .~eatt~ 
should also be considered in conjunct ion with our recent work on the co -o rO~t t e  
action of thyroid  hormor, es on , ,u~L.v,~ cell functions~,L 
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