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ABSTRACT 

The lipids of liver mitochondria prepared from normal rats and from rats made hypothyroid by 
thyroidectomy and injection with 13~INa contained similar amounts, per mg protein, of total lipids, 
phospholipids, neutral lipids and lipid phosphorus. Hypothyroidism caused a doubling of the 
relative amounts of mitochondrial cardiolipins (CL; to 20.5% of the phospholipid P) and an accom- 
panying trend (although statistically not significant) toward decreased amounts of both phospha- 
tidylcholines (PC) and phosphatidylserines (PS), with phosphatidylethanolamines (PE) remaining 
unchanged. The pattern of elevated 18:2 fatty acyl content and depleted 20:4 acyl groups of the 
mitochondrial phospholipids of hypothyroid preparations was reflected to varying degrees in the 
resolved phospholipids, with PC showing greater degrees of abnormality than PE, and CL showing 
none. Hypothyroidism produced the same abnormal pattern of fatty acyl distributions in liver 
microsomal total lipids as was found in the mitochondria. Hypothyroid rats, when killed 6 hr 
after injection of [ 1J4C] labeled linoleate, showed the following abnormalities: the liver incorpo- 
rated less label into liplds, and converted 18:2 not exclusively to 20:4 (as n ormals do) but instead 
incorporated the label mainly into saturated fatty acids. These data, together with the known 
decrease in H-oxidation, suggest that hypothyroidism involves possible defective step(s) in the 
conversion of 18: 2 to 20:4. 

INTRODUCTION 

The  s lowed ra te  of  ADP p h o s p h o r y l a t i o n  
in the  l iver m i t o c h o n d r i a  of  h y p o t h y r o i d  
rats, w h e n  measured  at 25-30 C, is one  
aspect  of  an a b n o r m a l  ve l oc i t y - t em pe r a t u r e  
re la t ionship  (1-3). Because Ar rhen ius  p lo t  
profi les of  m e m b r a n e - d e p e n d e n t  ca ta ly t ic  
and t r a n s p o r t  sys tems a l ter  w h e n  m e m b r a n e  
u n s a t u r a t e d  fa t ty  acyl c o n t e n t s  are man ip -  
u la ted  (4,5) ,  we measu red  the  phos pho l i p i d  
f a t ty  acyl  g !oups  in l iver m i t o c h o n d r i a  (2,3).  
H y p o t h y r o i d i s m  increased the  c o n t e n t s  of  
l inoleoyl  ( 1 8 : 2 )  and  decreased a r a c h i d o n o y l  
(20 :4 )  acyl  g roups  and  because  of  the  ma jo r  
c o n t r i b u t i o n  of  20 :4  to the  u n s a t u r a t i o n  
index  ( E [ %  fa t t y  acyl g roup  x n u m b e r  of  
u n s a t u r a t e d  b o n d s ] )  decreased  overall  un-  
sa tura t ion .  A similar co r re l a t ion  has  b e e n  
r epo r t ed  b e t w e e n  the  a b n o r m a l  Ar rhen ius  
profi le  of  S ta te  3 resp i ra t ion  ( succ ina te )  and  
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a l te red  u n s a t u r a t i o n  (6). 
The  m e c h a n i s m  of  these  l ipid changes  is 

of  in te res t  in u n d e r s t a n d i n g  t h y r o i d  hor-  
m o n e  ac t ions  or effects  on  energy metab-  
olism. A m o n g  the  pa rame te r s  shown  to 
af fec t  b i o m e m b r a n e  d e p e n d e n c y  are phos-  
p h o l i p i d : p r o t e i n  ra t ios  (7),  relat ive a m o u n t s  
of  p h o s p h o l i p i d  polar  groups  (8) ,  t he  degree 
of fa t ty  acyl u n s a t u r a t i o n  (4 ,5)  and  the  
cho les te ro l  c o n t e n t  (9). We c o m p a r e d  the  
first  t h ree  o f  these  pa rame te r s  in  m i t o c h o n -  
dria f rom h y p o t h y r o i d  and  con t ro l  ( eu thy-  
ro id)  rats.  Because the  p a t t e r n  of unsa tu-  
ra ted  f a t ty  acid abnorma l i t i e s  in  m i t o c h o n -  
dria is cons i s t en t  wi th  a defec t  in A5- 
d e s a t u r a t i o n  (2,3) ,  and  because  a decreased  
rate  of  overall  f a t ty  acyl de sa tu r a t i on  has  
been  d e m o n s t r a t e d  in the  livers of  hypo-  
t hy ro id  ra ts  (10) ,  we also e x a m i n e d  the  
f a t ty  acyl  c o n t e n t s  of  m i c r o s o m a l  to t a l  
lipids. I f  impa i red  hepa t i c  desa turase  act ivi ty 
accoun t s  for  the  a l tered m i t o c h o n d r i a l  
c o n t e n t s  of  18:2 and  20 :4  acyl groups,  we 
expec ted  the  mic rosoma l  l ipids to show a 
similar abnorma l i t y ,  such as t he  one  re- 
p o r t e d  in the  nuc lea r  enve lope  (11)  t ha t  
suggested a de sa tu r a t i on  defec t  r a t h e r  than  
a les ion specific for m i t o c h o n d r i a .  To tes t  
in vivo convers ion  of  18:2 to  20 :4 ,  which  
involves  a A6-desa tu ra t ion ,  an  acyl chain  
e longa t ion  and  the  A5-desa tu ra t ion ,  liver 
l ipids were ana lyzed  6 h r  a f te r  in j ec t ion  of  
labeled l inoleate .  
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M A T E R I A L S  A N D  METHODS 

Male rats weighing ca. 80 g were pur- 
chased thy ro idec tomized .  The first series of  
cont ro l  l i t te r -mates  and h y p o t h y r o i d  animals 
was ob ta ined  f rom Simonsen Laborator ies ,  
Inc., Gilroy,  CA, and was main ta ined  on a 
low-iodine,  v i tamin-enr iched diet (Nutri-  
t ional Biochemical  Corp. ,  Cleveland, OH); 
the cont ro ls  received 0.0005% KI solut ion 
as dr inking water,  whereas  the h y p o t h y r o i d  
animals had 0.01% CaC12 in their  water  to 
prevent  para thyropr iv ic  te tany.  Al though 
growth  re ta rda t ion  was evident  in the 
h y p o t h y r o i d  group af ter  3 weeks,  gas liquid 
ch romatograph ic  (GLC) analyses of  mito-  
chondria l  phosphol ip id  fa t ty  acyl con t en t s  
showed smaller abnormal i t ies  than  those 
previously r epor ted  with h y p o t h y r o i d  rats 
addi t ional ly  injected wi th  Na131I (2,3). 
Fur ther ,  expe r imen t s  on the liver micro- 
somal fa t ty  acyl CoA A9-desaturase showed 
that  half  of  a group of  rats made  h y p o t h y -  
roid by surgery alone were able to induce  
the e n z y m e  af ter  a fas t ing-refeeding cycle,  
whereas  none  of  those  addi t ional ly pre- 
t rea ted  wi th  131I-could (12). We the re fore  
repor t  here the results compar ing  cont ro ls  
with t h y r o i d e c t o m i z e d  male rats (Spar tan  
Res. Lab.,  Haslett ,  MI) t rea ted  as descr ibed 
plus an addi t ional  prel iminary rad io thyro id-  
e c t o m y  th rough  the ip in jec t ion  of  0.5 mCi 
of 131INa a few days af ter  surgery (2,3). 
Animals  were used for  expe r imen t s  at least 
later than  3 weeks after  131I-injection, and 
were al lowed to feed ad lib up to the t ime of 
killing. One cont ro l  and two h y p o t h y r o i d  
animals were killed in each e x p e r i m e n t  to 

provide suff icient  material  for  analyses. 
Af ter  the rats were decapi ta ted ,  livers 

were chilled in iced 0.25 M sucrose and 
homogen ized  in a 10% suspension using a 
Teflon-glass tube.  The dense pellet  that  
s ed imen ted  at 600 x g for 5 min was re- 
moved and the mi tochondr i a  were sedi- 
men ted  at 10,000 x g for 10 min,  resus- 
pended  in iced 0.25 M sucrose solut ion,  and 
resed imented .  Liver mic rosomes  were pre- 
pared f rom a 10,000 x g superna tan t ,  as 
descr ibed elsewhere (13). The microsomal  
pellet  was gent ly  resuspended  wi th  a Teflon- 
glass homogen ize r  in 0.15 M Tris acetate,  
pH 8.1, leaving beh ind  mos t  o f  the  glycogen 
(when  present)  and the mic rosomes  were 
resed imented  at 105,000 x g for  45 min. 
The pellets were  resuspended  in cold 0.25 M 
sucrose and di luted to 20 mg pro te in /ml .  
Prote in  was de te rmined  using 0.16% deoxy-  
cholate  to dissolve m e m b r a n e - b o u n d  pro- 
teins, and bovine serum albumin was used as 
reference  s tandard  (14). 

Lipids were  ex t rac ted  f rom freshly 
prepared  mi tochondr ia l  suspensions  wi th  a 
2:1 mix ture  of  c h l o r o f o r m / m e t h a n o l  plus 
0.005% bu ty la t ed  h y d r o x y t o l u e n e ,  using 
20 ml /ml  suspension.  This mix ture  was 
homogen ized  for  1 rain wi th  a Tekmar  
high-speed tissue dis integrator  and ex t rac ted  
according to Fo lch  et al. (15). Neutral  and 
polar  lipids were separated on a silica gel 
co lumn by e lu t ion  wi th  ch lo ro fo rm and 
me thano l ,  respectively.  Al iquots  of  total  
l ipids and polar  lipids were weighed af ter  
removal  of  solvents  at 40 C unde r  N2, and 
at 23 C under  vacuum. Phosphol ip ids  were 

TABLE I 

Lipids in Rat Liver Mitochondria  

Controls (4) Hypothyroids (6-9) 

Total Lipids(/~g/mgprotein) 0.14 -+ .02 0.12 • .01 
Phospholipids (~g/mg protein) 0.08 f .02 0.07 • .01 
Neutral lipids (gg/mg protein) 0.06 • .01 0.05 -+ .007 

Total lipid P (~mol/mg protein) 0.1 l +- .01 0.11 • .02 
Phospholipids (% total phospholipid P) 

PC 55.4 -+ 3.8 47.7 +- 2.9 
PE 22.6 • 2.'7 25.5 • 2.6 
CL 11.9 • 1.8 20.5 a -+ 2.2 
PS 10.2 • 2.3 6.5 -+ 1.2 

ap<0.025. 
Mitochondria were prepared, extracted and analyzed as described in Materials and 

Methods. Aliquots of total lipids, phospholipids and neutral lipids were  dried and weighed. 
The P contents of total lipids and of the phospholipids resolved by TLC (PC = phosphatidyl- 
choline; PE = phosphatidylethanolamine; CL = cardiolipin, PS = phosphatidylserine and 
phosphatidylinositol) were measured. The numbers in parentheses after Controls and Hypo- 
thyroids denote bow many separate measurements were done, each on materials from 1 
control or 2 hypothyroid animals. 
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resolved on Silica Gel 60 TLC plates, devel- 
oped in chloroform/methanol/glacial acetic 
acid/H20 (100:60:16:8,  v/v) according to 
Skipski et al. (16); locations were identified 
by very short exposure of the plates to I2 
vapor, after which the 12 was removed under 
vacuum at 23 C. Four phospholipid classes 
were found: phosphatidylcholine (PC), phos- 
phatidylethanolamine (PE), phosphatidyl- 
serine (PS; this component reacted with 
ninhydrin but probably also included 
phosphatidylinositol) and cardiolipin (CL). 
The TLC plates were scraped to remove each 
of the phospholipids, and total phosphorus 
was measured (17)~ In separate experiments, 
each phospholipid was dissolved in benzene, 
concentrated, and subjected to methanolysis 
for 45-60 min in methanol-l% H2SO 4 at 
70 C. Fatty acid methyl esters were mea- 
sured by GLC (Varian Model 3700) using a 
10% Silar 10C column with linear temper- 
ature programming, 170-200 C at 3 C/rain 
and a hydrogen flame ionization detector 
at 250 C. Results are given as area percent- 
ages. 

To measure in vivo conversion of 18:2 to 
20:4, rats were injected ip with 0.1 /aCi/g 
body wt of 1-14C-labeled linoleate (57 Ci/ 
mol; New England Nuclear) dissolved in 
bovine serum albumin, 24 mg/ml. Animals 
were killed at 6 hr and the rivers were 
extracted as already described. Solvents were 
removed under N 2 at 40 C. Aliquots of total 

14 lipids were: (a) assayed for C by liquid 
scintillation counting; (b) resolved by TLC 
into neutral and polar lipid classes, which 
were counted; or (c) converted to fatty acid 
methyl esters and analyzed by a combined 
GLC and radio-assay instrument:  a Packard 
Model 824 in combination with a propor- 
tional counter #894 that gives simultaneous 
peaks for mass and radioactivity. 

RESULTS 

The low-iodine, vitamin-enriched diet fed 
to both control and hypothyroid rats 
contained 7.9 g of lipid/100 g dry wt. The 
fatty acid contents were: 4.5% 14:0, 17.2% 
16:0, 0.5% 16:!,  9.1% 18:0, 39.3% 18:1, 
28.8% 18:2 and 0.6% 18:3 fatty acids. The 
only significant source of 6o6 fatty acids was 
thus 18:2; therefore, any 20 :4~6  fatty acyl 
groups found in liver organelles must have 
been biosynthesized from linoleate. 

The liver mitochondrial contents (on a 
wt/protein basis) of total extractable lipids, 
phospholipids and neutral lipids (by differ- 
ence) were not significantly different from 

normal levels in hypothyroid rats (Table I). 
Total lipid phosphorus content/mg protein 
was identical in both groups, as well. How- 
ever, the percentage contribution of each of 
the resolved phospholipid classes, as mea- 
sured by percentage of total phospholipid 
P, showed that cardiolipin content was 
almost twice normal levels (p<0.025) in the 
mitochondria of hypothyroid rats; although 
the contents of the other phospholipids were 
not significantly changed, PC and PS de- 
creased slightly. 

The fatty acyl contents of the combined 
and the resolved phospholipids are shown in 
Table II. The total phospholipids extracted 
from the liver mitochondria prepared from 
hypothyroid animals showed the abnormal- 
ities previously described (2,3): increased 
contents of 18:2 and 20:3 acyl groups 
(evidence in ref. 3 and comparison with 
standards indicates that this is the 20:3606, 
not the 20:3w9 isomer), decreased 20:4 
acyl groups, decreases in the unsaturation 
index (-11%) and a decreased ratio of 
20:4/18:2. In addition, the current analyses 
showed a significant 31% increase in the 
proportion of 18:1 fatty acyl groups. 
Among the separated phospholipid classes, 
mitochondria from hypothyroid animals 
contained PC with even more strikingly 
elevated 18:2 and 20:3 and depressed 20:4 
fatty acyl moieties, and an even lower 
20:4/18:2 ratio, than appeared in the total 
phospholipids. The PE in the hypothyroids 
similarly contained excess proportions of 
18:2 and 20:3 acyl groups, but the depletion 
of 20:4 acyl groups was less severe, although 
still significant. Stearic acid content was 
depressed. The PS(PI) fractions showed no 
significant fatty acyl group deviations from 
normal levels, but  did reveal a decreased 
20:4/18:2 ratio. Cardiolipins from control 
and hypothyroid preparations were similar 
in all fatty acyl residue contents. 

Comparison of the fatty acyl group 
compositions of unresolved and resolved 
mitochondrial phospholipids in Table II 
indicates that some polyunsaturated acyl 
moieties were lost during the TLC separa- 
tion. Using the percentage contribution of 
each of the phospholipid classes (Table I) 
together with their fatty acyl compositions 
(Table II), the calculated recovery of 18:2 
acyl residues was 92.0% in control prepara- 
tions and 104% in hypothyroids. More 20:4 
acyl groups were lost, but to a similar degree 
in controls (78.9% recovery) and hypothy- 
roids (79.2% recovery). Taken together with 
the similarity of the total p h o s p h o l i p i d  

LIPIDS, VOL. 16, NO. 5 (1981) 
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c o n t e n t s  in  b o t h  groups  of  animals  (Table  I), 
the  fa t ty  acyl c o n t e n t s  of  m i t o c h o n d r i a  
p repa red  f rom the livers of  h y p o t h y r o i d  ra ts  
were a b n o r m a l l y  d i s t r ibu ted .  

Liver mic rosoma l  f a t t y  acyl c o m p o s i t i o n  
was measured  in ex t r ac t ed  to ta l  l ipids (Table  
III). The  d i s t r i bu t ion  of  the  p o l y u n s a t u r a t e d  
fa t ty  acyl  groups  in the  mic rosomes  f rom 
h y p o t h y r o i d  rats  was m u c h  like t ha t  in the  
m i t o c h o n d r i a l  phosphol ip ids ,  wi th  increased  
18:2 and  20 :3 ,  decreased 20 :4  acyl  residues,  
and  decreased overall  u n s a t u r a t i o n  index  
(-11%). Because to ta l  m ic rosoma l  p ro te in ,  
in  g r e c o v e r e d / 1 0 0  g wet  wt  of liver, was the  
same in h y p o t h y r o i d  ra ts  (0.85 +- 0 .10  SEM; 
n = 9) and  con t ro l  ra ts  (0.88 -+ 0.12 SEM; 
n = 8), the  f a t ty  acyl c o n t e n t s  of  liver micro-  
somes  of  h y p o t h y r o i d  ra ts  were a b n o r m a l l y  
d i s t r ibu ted .  Microsomal  l ipids have no t  yet  
been  fu r t he r  resolved for  fa t ty  acid analyses ;  
however ,  we r epo r t ed  e lsewhere  (18)  t ha t  
h y p o t h y r o i d i s m  doubles  the  choles te ro l  
con ten t .  

The  excess 18:2 and  the  dep le ted  20 :4  in 
liver m i t o c h o n d r i a  (Table  1I; refs. 2,3), 
m ic rosomes  (Table  III)  and  nuclei  (11)  of  
h y p o t h y r o i d  ra ts  po in t  to  a defect ive  conver-  
sion of  18:2 to 20:4 .  To exam i ne  th is  
h y p o t h e s i s  in vivo, we in jec ted  [1-14C]- 
l inoleate  in to  no rma l  or h y p o t h y r o i d  ra ts  
and  measu red  the  hepa t i c  i n c o r p o r a t i o n  and  
d i s t r i bu t ion  of  the  label  in l ipids 6 hr  la te r  
(Table  IV). H y p o t h y r o i d  rats  had  lower  
b o d y  weights  and  a lower  l ive r :body-wt  ra t io  
t han  normals ,  bu t  h y p o t h y r o i d  livers con- 
t a ined  a lmos t  the  n o r m a l  p r o p o r t i o n  of 
lipid. The h y p o t h y r o i d  an imals  i n c o r p o r a t e d  
m u c h  less (7-50%) of  the  label  i n to  liver 
l ipids but ,  as in normals ,  the  label  appea red  
in phospho l ip ids  and  tr iglycerides.  H y p o t h y -  

roids  conver t ed  m u c h  less 18:2 to the  
i n c o r p o r a t e d  20 :4 .  While n o r m a l  ra ts  con- 
ver ted  the  18:2 a lmos t  exclusively to 20:4 ,  
h y p o t h y r o i d  an imals  ins tead  t r a n s f o r m e d  
large po r t i ons  of the  1-14C of  18:2 in to  
sa tu ra ted  fa t ty  acids;  m u c h  more  label  was 
found  in 16:0 and  18:0 t h a n  in 20:4 .  Taken  
toge the r  wi th  the  p r o d u c t i o n  of  20:4 ,  the  
liver of  the  h y p o t h y r o i d  an imal  appeared  to  
me tabo l i ze  more  of  the  18:2 t han  did the  
liver of  the  n o r m a l  rat .  

DISCUSSION 

The data  ob ta ined  for  hepa t i c  organelle 
f a t ty  acyl  c o m p o s i t i o n  serve to e l imina te  
some a l te rna t ive  m e c h a n i s m s  for  the  mem-  
b rane  abnorma l i t i e s  observed in h y p o t h y -  
roid rats. For  example ,  the  well k n o w n  
anorex ia  of  h y p o t h y r o i d i s m  ( I 9 )  migh t  
suggest a nu t r i t i ona l  def ic iency of essential  
f a t ty  acids. Compar i sons  of  food  in take  
be tween  con t ro l s  and  h y p o t h y r o i d s  were no t  
possible because the  animals  were fed ad 
lib. in o p e n - b o t t o m e d  cages. However ,  when  
h y p o t h y r o i d  rats  were fas ted  48 h r  and  then  
given access to a 20% sucrose so lu t ion ,  they  
ingested as m u c h  sucrose /g  b o d y  wt  as did 
con t ro l  an imals ;  the  h y p o t h y r o i d s  failed to 
induce  the  mic rosomal  A9-desa turase  (12)  
bu t  m a i n t a i n e d  the  relat ive excess of l ino- 
leate in the i r  liver m i t o c h o n d r i a  and  micro-  
somes e i the r  w h e n  they  were refed sucrose 
or when  they  were jus t  s tarved (F.L.  Hoch  
and T.R. Chavis, u n p u b l i s h e d  data) .  These  
observa t ions  make  d ie ta ry  in take  an un l ike ly  
cause of  the  results  o b t a i n e d  here  in the  
h y p o t h y r o i d  rats. 

Because d ie tary  18:2 was the  on ly  source 
of  the  096 fa t ty  acids in these  rats, the  

TABLE III 

Fatty Acyl Contents of the Total Lipids in Liver Microsomes 
Prepared from Control and Hypothyroid Rats 

Fatty acyl Controls (12) Hypothyroids (12) 

16:0 14.5 + .5 15.6 -+ .6 
18:0 18.3 -+ .5 18.7 + .7 
18:1 17.2 -+ .7 17.6 +- .6 
18:2 15.5 -+ .4 19.6 b-+ .7 
20:3 0.8-+ .07 2.3 b-+ .2 
20:4 26.4 -+ .9 17.3 a -+ .8 
22:6 3.7 -+ .4 3.9 -+ .4 

Unsaturation index 191 + 2.3 170 b -+ 4.7 
20:4/18:2 1.7 + .09 0.9 b-+ .06 

p<ao.005; bo.001. 
Liver microsomes were prepared, extracted and analyzed as described in Materials and 

Methods and in Table II. N is shown in parentheses. Mean % of total fatty acids +- SEM are 
shown. 

LIPIDS, VOL. 16, NO, 5 (1981) 
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TABLE IV 

Distribution of the { 1-14C] of Labeled Linoleate 
into Liver Lipids 6 hr after Injection 

333 

Normal rats Hypothyroid rats 

A B* C D E 

Body weight (g) 344 345 175 191 170 
Liver: body weight (g]100 g) 3.8 3.7 2.8 2.7 3.1 
Lipid: liver (mg/g) 48.3 44.5 32.6 36.8 44.2 
14C in total lipid (dpm/g liver) 256,782 143,261" 25,645 88,512 91,202 

(% of dose) 4.53 2.49 0.33 1.10 1.32 
14C in phospholipids 

(% of total lipid dpm) 63.9 62.3 73.2 79.4 74.0 
14C in triglycerides 

(% of total lipid dpm) 32.9 34.5 24.8 19.1 24.0 
14C in fatty acid methyl esters 

of total lipids 
(% of total lipid dpm) 

16:0 0 9.4 43.9 14.3 24.1 
18:0 0 0 13.3 8.0 2.4 
l 8 : 2  74.8 66.0 42,8 65.8 59, 1 
20:4 25.2 24.6 0 11.8 14.3 

Rats were injected intraperitoneally with [ 1-14C]linoleate, 0.10 #Ci/g body wt (except 
for normal rat B*, which received 0.022 #Ci]g; corrected values for dpm/g liver are shown) 
and killed 6 hr later. Extracted total lipids of the livers were counted ; aliquots were resolved 
by TLC, or subjected to methanolysis and resolved by GLC combined with radio-assay of 
the fatty acid methyl esters. 

c o n c o m i t a n t  dep le t ion  of  m e m b r a n e  2 0 : 4  
acyl groups  impl ica tes  a defect ive  b iosyn-  
thesis  f rom 18:2, or, given the  adequacy  of  
this  convers ion ,  an  increase  in the  a m o u n t  
of  phospho l ip ids  t h a t  are n o r m a l l y  selec- 
t ively acy la ted  to favor  18:2 r a the r  t h a n  
20 :4  acyl groups.  The  l a t t e r  process  normal -  
ly occurs  in the  synthes is  of  cardiol ipins ,  
wh ich  con ta in  55% 18:2  and  only  6% 2 0 : 4  
acyl groups,  as c o m p a r e d  to the  5-10% 18:2 
and  the  25% of  20 :4  acyl  res idues  f o u n d  in 
the  o the r  m i t o c h o n d r i a l  p h o s p h o l i p i d  classes 
(Table  II). An  increase in the  relat ive a m o u n t  
of  CL would  in this  way c o n t r i b u t e  to  the  
h y p o t h y r o i d  f a t ty  acyl pa t t e rn ,  and  this  is 
wha t  was observed (Tab le  I) ; fu r ther ,  t he  CL 
fa t ty  acyl c o n t e n t  of  h y p o t h y r o i d  mi to-  
chondr i a  r e sembled  t h a t  in cont ro ls .  How- 
ever, even in the  h y p o t h y r o i d  m i t o c h o n d r i a l  
m e m b r a n e s ,  card io l ip in  f a t ty  acids make  
only  a m i n o r  c o n t r i b u t i o n  to the  overal l  
f a t t y  acid d i s t r ibu t ion .  In  add i t ion ,  CL is 
mos t ly  a m i t o c h o n d r i a l  c o m p o n e n t  (20)  and  
so wou ld  n o t  be s igni f icant ly  invo lved  in the  
s imilar ly a b n o r m a l  f a t t y  acyl  c o m p o s i t i o n s  
of  mic rosomes  (Table  I I I )  and  nucle i  (11).  
In l iver m i t o c h o n d r i a  o f  h y p o t h y r o i d  rats,  
as in cont ro l s ,  PC and  PE r ep re sen t ed  75% 
of  the  p h o s p h o l i p i d  c o n t e n t  (Table  I), and  
the i r  a b n o r m a l l y  d i s t r ibu ted  po lyunsa tu -  
ra ted  f a t ty  acids p r e d o m i n a t e d  in p r o d u c i n g  
the  overall  p a t t e r n  (Table  II). The  severi ty  

of  the  a b n o r m a l  d i s t r i bu t i on  appea red  in the  
o rder  P C > P E > P S ( P I ) > C L .  The  exchange  of  
the  PL classes fo l lows this  order ,  wi th  PC> 
PE and  CL n o t  exchang ing  at all (21).  In 
con t ras t ,  t he  rapid  r e p l a c e m e n t  of  PL, as 
measu red  by  the  appea rance  of  in jec ted  
labeled  p h o s p h a t e  in hepa t i c  organel le  
m e m b r a n e s ,  is fas te r  in PE t h a n  in PC (22).  

The  obse rva t i on  tha t ,  in h y p o t h y r o i d  
rats,  t he  liver microsornes  c o n t a i n e d  poly-  
u n s a t u r a t e d  fa t ty  acyl  res idues  t ha t  were 
d i s t r i bu t ed  (Table  III)  in  the  same p a t t e r n  
t h a t  was seen in t he  fiver m i t o c h o n d r i a  
(Table  II;  refs. 2,3)  and  nucle i  (11)  suggests 
t h a t  this  general  p a t t e r n  ref lec ts  a po lyun-  
sa tu ra t ed  fa t ty  acid pool  accessible to  
organel le  m e m b r a n e s  t h r o u g h  acyla t ion-  
deacy la t i on  r eac t i ons  (23) .  I t  m a k e s  un l ike ly  
the  a l te rna t ive  t h a t  the  m i t o c h o n d r i o n ,  
wh ich  appears  to  possess some degree of  
a u t o n o m y  in fo rming  its own  m e m b r a n e  
phospho l ip ids ,  as i t  does  w i th  p o l y p e p t i d e  
synthes is  (22) ,  is the  source  of  the  l ipid 
defects .  This  conc lus ion  is s u p p o r t e d  by  
obse rva t ions  t h a t  l iver m i t o c h o n d r i a l  cont r i -  
b u t i o n s  to  t he  synthes i s  of  u n s a t u r a t e d  f a t t y  
acids,  i.e., t he  chain  e longa t ion ,  are insensi-  
t ive to  the  h y p o t h y r o i d  s ta te  (10) .  

The  d imin i shed  abi l i ty  of  h y p o t h y r o i d  
ra ts  to  i n c o r p o r a t e  the  label  of  [ 1-14C] 18:2 
in to  l iver l ipids (Table  IV)  may  be  c o n n e c t e d  
w i th  the i r  decreased  liver c o e n z y m e  A 
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c o n c e n t r a t i o n s  (24) .  Lit t le ,  if any,  l a b e l w a s  
i n c o r p o r a t e d  i n to  sa tu ra t ed  f a t t y  acyl groups  
by  n o r m a l  ra ts  u n d e r  our  cond i t ions ,  where-  
as a ma jo r  p o r t i o n  was i nco r po r a t ed  by  the  
h y p o t h y r o i d  animals.  This  excessive conver-  
s ion appears  surprising,  as did G o r d o n  and  
Go ldbe rg ' s  (25)  obse rva t ion  t h a t  h y p o t h y -  
roid h u m a n s  conver t  labeled  16:0  to CO2 
fas te r  t h a n  con t ro l s ,  in view of  the  decreased  
fa t ty  acid o x i d a t i o n  and  high RQ in th is  
cond i t ion .  G o r d o n  and  Go ldbe rg  suggested 
t h a t  d i m i n u t i o n  and  s lowed t u r n o v e r  of  the  
e n d o g e n o u s  " a c t i v e "  F F A  pool  min ima l ly  
d i lu tes  admin i s t e r ed  fa t ty  acid and  t h a t  
abso lu te  rates  of  convers ion  are no t  neces-  
sarily increased.  This  exp l ana t i on  seems 
appl icable  to  ou r  da ta  on  18:2 and  to the  
a p p a r e n t  anomal ies  of  abso lu te  accumula -  
t ion  of  18:2 in liver l ipids (Tables  II and  III) ,  
and  depressed f a t t y  acid syn thes i s  in  hypo-  
t h y r o i d i s m  (26) .  Theore t i ca l ly ,  two alter- 
na t ives  migh t  expla in  the  p a t t e r n  of  label  
d i s t r i bu t ion  in h y p o t h y r o i d i s m  : e i t he r  defec- 
tive convers ion  of  18:2 to  20 :4  diver ts  the  
label  toward  ace ty l  CoA and  16:0  ( and  
perhaps  CO2,  wh ich  we did no t  measure) ,  or 
acce le ra ted  ~ -ox ida t ion  of  18 :2  to ace ty l  
CoA c o m p e t e s  wi th  the  convers ion  of  18:2 
to  20:4 .  However ,  m a n y  obse rva t ions  since 
1928 (27)  have c o n f i r m e d  t h a t  r - o x i d a t i o n  is 
s lowed in h y p o t h y r o i d i s m ,  n o t  acce lera ted .  

There fore ,  the  mos t  l ikely m e c h a n i s m  for  
the  observed  a l t e ra t ions  of  hepa t i c  organel le  
m e m b r a n e  f a t t y  acyl c o m p o s i t i o n  in h y p o -  
t h y r o i d i s m  is a defec t  in the  mic rosoma l  
convers ion  of  18:26o6 to 20:4606 fa t ty  
acyls, wh ich  involves a cha in  e longa t ion  and  
A6- and  A5-desa tura t ions .  H y p o t h y r o i d i s m  
has  been  r e p o r t e d  to slow m i c r o s o m a l  cha in  
e longa t ion  b y  -35% (10) ,  a l t hough  o the r s  
f ind n o  change  (28) .  However ,  the  elonga- 
t ion  18 :36o6~20 :36o6  n o r m a l l y  p roceeds  
5.6 t imes  fas ter  t han  the  A5-desa tu ra t i on  
and  4.5 t imes  fas ter  t h a n  the  A6-desa tura-  
t ion  (29) ,  and  so would  n o t  seem to be rate-  
con t ro l l i ng  in any  case. Pre l iminary  data  on  
h y p o t h y r o i d  ra ts  show decreased liver 
m i c r o s o m a l  A6- and  A5-desa turase  V 
(max ima l  veloci ty ,  d e t e r m i n e d  by  ex t rap-  
o la t ion  to  in f in i t e  [S ] )  and  u n c h a n g e d  Km 
(18) ;  the A6-desa turase  V bu t  n o t  the  Km 
rises, and  liver m i c r o s o m a l  20 :4  acyl c o n t e n t  
falls w i th in  4 h r  a f te r  i n j e c t i o n  of  L- t r i iodo-  
t h y r o n i n e ;  A5-desa turase  act ivi ty has  n o t  
ye t  been  m e a s u r e d  th is  early a f te r  h o r m o n e  
in jec t ion .  

d e G o m e z  D u m m  et al. (28)  r epo r t  t h a t  
h y p o t h y r o i d i s m  (using female  ra ts  fed 
p ropy l th iou rac i l )  s ignif icant ly  decreases  the  

18:2  c o n t e n t  of  liver f a t t y  acids and  does 
no t  al ter  e i the r  the  20 :4  c o n t e n t  or the  
m i c r o s o m a l  A9- or A6-desa turase  activities.  
The i r  data  on  fa t ty  acid c o m p o s i t i o n  dis- 
agree wi th  El lefson and  Mason ' s  (30)  on  liver 
to ta l  l ipids and  ours  (Tables  II, III; refs. 
2,3) o n  liver organelle  f a t ty  acids. We agree 
t ha t  h y p o t h y r o i d i s m  leaves the  A9-desatu-  
rase ac t iv i ty  u n c h a n g e d  bu t  f ind  t h a t  i t  
b locks  the  n o r m a l  d ie ta ry  i n d u c t i o n  of  this  
act ivi ty  (12) .  As a l ready no ted ,  we f ind 
decreased A6-desa turase  act ivi ty  in hypo-  
t h y r o i d  rats. P resumably ,  the  d i f fe ren t  in 
vivo and  in vi t ro  e x p e r i m e n t a l  c o n d i t i o n s  
a c c o u n t  for  these  a p p a r e n t  divergencies.  
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