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nys tagmus  for a p p r o x i m a t e l y  1~/2 s. The  same  effect  was 
produced on  e x p e r i m e n t s  w i t h  diffuse glare. Op tok ine t i c  
nys tagmus  t h e n  ceased  for as long  as the  eye was affected 
by the  exposu re  (see Fig. a a n d  b). 

I~ovv Flash (~l~ooo sec) 
a 1, 

t o  such  an  e x t e n d  t h a t  t h e  m o v i n g  s t r ipes  on  t h e  opto-  
k ine t ic  screen couM no longer  be seen. The  eye m o v e m e n t  
evoked by  the  opt ic  s t imulus  the re fore  ceased. The  m e t h o d  
in t roduced  in the  a b o v e  m a y  be  cha rac t c r i s ed  as h igh ly  
ob jec t ive  a n d  r a t h e r  a p p r o p r i a t e  for more  e x h a u s t i v e  
s tudies  of the  glare effect  (for ex amp l e  u n d e r  t h e  in f luence  
of var ious  pharmaceut ics ) .  

L.-H.  BLOMBERG 

Lieht r ht, 
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(left eye closert) ~ ~ec 

Effect of glare on optokinetic nystagmus 

Comments.--The f ac t  t h a t  op tok ine t i c  n y s t a g m u s  abol-  
ished t ends  to show t h a t  t h e  r e t ina l  s ens i t i v i t y  was reduced  
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Zusammen[assung 

Mit  Hilfe des op tok ine t i schen  N y s t a g m u s  u n d  E lek t ro -  
n y s t a g m o g r a p h i e  k a n n  man  den B lendungsc f f ek t  au f  das  
Sehverm6gen  bes t immen.  W a h r e n d  der  B l e n d u n g  h 6 r e n  
die op tok ine t i schen  Augcnbewegnngen  auf. Der  E f fck t  
eines pho tograph i schen  Bli tzes (1/1000 s) u n d  yon  schri tg  
in  das  Auge fitl lendem lAcht  w u r d e n  s tud ic r t .  
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Effect of  S i n g l e  and  C h r o n i c  T h y r o x i n e  Inject ion 
on Fat ty  A c i d  and  C h o l e s t e r o l  S y n t h e s i s  in Mice  ~ 

By PAOLA MARCm ~ and J. 5IAvER a 

The a c t i o n  of t h y r o i d  h o r m o n e  t r e a t m e n t  on f a t t y  acid 
synthesis  f rom a c e t a t e  h a s  b e e n  p rev ious ly  i nves t i ga t ed  
by SP~RTES, MEDES, a n d  WmNHOUSE 4 in l iver  slices of 
rats m a d e  h y p e r t h y r o i d .  These  a u t h o r s  found  t h a t  the  
rate of o x i d a t i o n  of a c e t a t e  was  3 0 - 7 0 %  h ighe r  in l iver  
slices of t h y r o i d  h o r m o n e - t r e a t e d  ra ts .  T h e y  also r epor ted  
tha t  c o n t r a r y  to  e x p e c t a t i o n  a c e t a t e  i n c o r p o r a t i o n  in to  
fat ty ac id s  in  these  t r e a t e d  r a t s  was  as h igh  as in no rma l  
animals or h igher .  

I n v e s t i g a t i o n  on  t h e  syn thes i s  of choles te ro l  in  hype r -  
thyro id i sm h a s  b e e n  s o m e w h a t  more  ex tens ive .  Severa l  
authors  h a v e  conc luded  t h a t  choles te ro l  syn thes i s  is 
s t imula ted  in h y p e r t h y r o i d  s t a t e s  whi le  i t  appea r s  de- 
pressed in t h e  oppos i te  c o n d i t i o n  5-7. 
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I t  has  been  cus tomary  to s t u d y  tile effect  of t h y r o i d  
hormones  in syn the t i c  processes b y  inc lud ing  t h y r o i d  pre-  
pa ra t ions  in the  diet.  However ,  single c le te rmina t ions  
af te r  chronic  t r e a t m e n t  are d i f l icul t  to  i n t e r p r e t  as sec- 
o n d a r y  physiological  reac t ions  m a y  in te r fe re  w i t h  t h e  
ini t ial  effect  of thyrox ine .  I t  seemed useful  to  d e t e r m i n e  
the  course of f a t t y  acid a n d  choles terol  syn thes i s  f rom 
ace ta t e  a f te r  subcu taneous  a d m i n i s t r a t i o n  of a single dose 
of Thyroxine .  A s tudy  of the  effect  of pro longed t r e a t m e n t  
is also included.  

Materials and Methods. The  an i ma l s  used were a d u l t  
male  a lbino mice. They  were m a i n t a i n e d  in i n d i v i d u a l  
cages an d  fed ad libitum P u r i n a  chow an d  water .  All 
an imals  were kep t  fas t ing  for 24 ix before  be ing  killed. 

E a c h  group consis ted  of e x p e r i m e n t a l  a n i m a l s  a n d  
controls .  E x p e r i m e n t a l  an i ma l s  received a s u b c u t a n e o u s  
in jec t ion of 100 / ig  of l -Thyroxine .  Contro ls  rece ived  a n  
equa l  vo lume of sal ine by  the  same  route .  A t  t h e  app ro -  
pr ia te  t ime  all an ima l s  were in jec ted  i n t r a p e r i t o n e a l l y  
wi th  0.4 mg  of Na ace ta te -C  ~* (an a p p r o x i m a t e  t o t a l  of 10 ~ 
coun t s ]min  to each animal) .  30 rain l a te r  t h e y  were ki l led 
by  a blow on the  head  a n d  decap i t a t i on .  T h e  l iver  was  
excised a n d  weighed sepa ra t e ly  f rom the  cltrcass. 

One group  of an i ma l s  received 1.8 mg  of 1 -Thyroxine  a t  
24 h in te rva l s  over  a per iod  of 28 clays. An equa l  n u m b e r  
of controls  were in jec ted  w i t h  sltlinc in t h e  same  way,  

T h y r o x i n e  so lu t ion  wits p r e p a r e d  b y  d i spers ing  t h e  
powder  (1-sodium t h y r o x i n e  p e n t a h y d r a t e ,  Smi th ,  Kline,  
an d  French)  in  smal l  a m o u n t s  of 0 .9% sltline a n d  a d d i n g  
1 N sodium h y d r o x i d e  u n t i l  comple t e  so lub i l i ty  was  
achieved.  The  pH wits t h e n  a d j u s t e d  to 8 wilL1 1 N HC1 
an d  0.9% sltline added  to o b t a i n  the  des i red  volume.  All 
in jec t ions  were a d m i n i s t e r e d  s u b c u t a n e o u s l y  in v o l u m e  of 
0-2 ml.  

Extraction and Determination o /Fat ty  Acids and Choles- 
terol. The  m e t h o d  followed was essent ia l ly  t h a t  descr ibed  
in a p rev ious  p u b l i c a t i o n  8. Resu l t s  are  expressed  as per-  
cen tage  of c o u n t s  r e t a i n e d  × 103. 

8 C. E. ZO.~tZEL'¢ and J. MAvErq Amer. J. Physiol. 187, 365 (1956). 
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Table I .  Effect of Thyroxine on Hepatic Lipogenesis and Cholesterogenesis from Labelled Acetate 

Interval Tx-sacri- 
fication 

6 h  

1 6 h  

24 h 

32 h 

48 h 

Chronic Expt .  

Groups I (Number of 
animals) 

Controls 0-98 
(7) 

Treated 1.02 
(7) 

Controls 1.19 
(10) 

Treated 1.38 
(10) 

Controls 1.55 
(lO) 

Treated 1.66 
(10) 

Controls 1.42 
(10) 

Treated 1.48 
(10) 

Controls 1.68 
(10) 

Trea ted  1 '64 
(10) 

Controls 1.48 
(10) 

Treated 
(9) 

Weight (g) 
g Fat ty acids 
per 100 g liver 

Liver 

mg Cholesterol 
per g of liver 

% retention 
in liver 

Fatty acids x 1000 

4- 0.06 

32 0.12 

32 0.14 

4- 0.25 

4- 0.15 

4- 0-18 

4- 0.23 

± 0.30 

4- 0-47 

4- 0.33 

± 0-31 

2"02 32 0"40 + 

9.41 32 2-1 

8-94 ± 2-9 

5.22 ± 1-7 

5"25 4- 2'4 

6.79 4- 1.9 

8.80 4- 4.8 

6-83 32 2-5 

1 0 . 6 4 ±  4.2 

8.69 4- 4.3 

9.40 4- 5.5 

4-35 32 2.0 

3.43 32 1.9 

13-4 4- 3.6 

17-7 32 6.8 

20-2 32 5.0 

31.4 4- 19" 

24.7 4- 3.8 

41-3 4- 8.6 ++ 

19-1 ± 8.0 

23.6 ± 12 

20.6 ± 6-6 

22.0 4- 14 

13.3 ± 3-9 

59.9 ± 32 ++ 

1-87 32 0-51 

2-37 4- 0-35 

2.67 4- 0.41 

2-09 4- 0.20 

2-57 4- 0.32 

2-18 32 0.56 

2.45 ± 0.53 

1.91 4- 0.51 

2.57 32 0.40 

1-88 32 0-49 

% retention 
in liver 

Cholesterol 

9-1 d2 7.6 

20.8 4- 19 

32.0 4- 18 

161 4- 155'* 

24.2 ± 16 

104 32 85 + 

36.1 + 19 

141 4- 122"** 

31-0 32 16 

39.1 32 51 

* p < 0"10 ** p < 0-05 *** p "< 0'02 + p <: 0'01 ++ p <: 0'001 

Results expressed as means S.D. in the livers of 6 groups of fasting mice, each consisting of treated animals and controls. The treated 
mice of the f ia t  5 groups received 100 mg of Thyroxine subcutaneously and were sacrified with the controls (injected with saline in 
the same manner) at various intervals 30 min after an intraperitoneal injection of acetate-C 1~. The treated ndce of the last grmlp received 

1.8 mg of l-Thyroxine over a period of 28 days. 

Table I [.  Effect of Thyroxine on Carcass Lipogenesis and Cholesterogenesis from Labelled Acetate 

Interval Tx-sacri- 
fication 

6 h  

16 h 

24 h 

36 h 

48 h 

Chronic Expt .  

Groups 
(Number of 

animals) 

Controls 
(7) 

Treated 
(7) 

Controls 
(lO) 

Treated 
(10) 

Controls 
(10) 

Treated 
(9) 

Controls 
(10) 

Treated 
(9) 

Controls 
(10) 

Treated 
(10) 

Controls 
(10) 

Treated 
(9) 

Weight (g) 
mg Fatty Acids 

per 100 g carcass 

Carcass 

% retention 
in carcass 

nag Cholesterol 
per 100 g carcass 

Fatty acids x 1000 

21-1 32 1.5 

21-1 32 1.4 

21.9 4- 1.9 

21.3 4- 2-1 

24.1 32 1.9 

24.8 4- 1.6 

24-7 ± 2-3 

24.1 4- 2.O 

25.4 ! 1.7 

25.5 q- 2.2 

25.6 q- 2.6 

28-2 4- 2.2 

10"8 ± 3"9 

10.8 ± 3-7 

7"5 4- 3'9 

6"1 4- 1"7 

6-5 32 1"7 

7"1 32 2'2 

7"9 4- 3"0 

7.8 ± 3.0 

8.2 ± 3.9 

9.5 ± 5.4 

5.3 q- 2-1 

4.0 4- 2.3 

260 i 66 

362 ± 84** 

268 ± 32 

341 -4- 57 ++ 

296 ± 53 

287 ± 52 

257 i 62 

262 4- 50 

227 -t- 40 

221 -4- 19 

236 4- 32 

209 -t- 34 

241 

230 

226 

244 

257 

256 

244 

238 

278 

266 

% retention 
in carcass 

Cholesterol x 1000 

290 4- 48 

328 4- 56 

321 4- 72 

403 q- 90** 

298 4- 58 

267 4- 28 

301 4- 67 

298 ± 41 

378 4- 96 

280 i 30 + 

* p <2 0"10 ** p < 0'05 *** p < 0-02 + p < 0.0l 

Results expressed as means S.D. found in the carcasses of the same animals as in Table I 

++ p < 0.001 



[15. IX. 1959] Informationen - Notes 361 

Results. Hepatic incorporation of acetate-O* into fatty 
acids and cholesterol after one subcutaneous dose o] 700 g of 
l-Thyroxine. As can be seen from Table I hepatic lipo- 
genesis appears susceptible of being stimulated by one 
dose of Thyroxine. 24 h after administration of a single 
dose the rise in lipogenesis was 70% and highly significant. 
Within 48 h the effect had practically disappeared as can 
be readily observed from Table I. The % retention of 
acetate-C la into liver cholesterol appears to be also in- 
creased by one subcutaneous injection of Thyroxine. 
A 3-5-fold increase was observed between 24 and 48 h 
after the hormone administration. Contrary to what was 
observed for fa t ty  acid synthesis, the effect of thyroxine 
on liver cholesterogenesis appears to be more persistent: 
the increase in rate of cholesterogenesis was still several 
times the normal rate after 48 h. In spite of the fact that  
the significance of tile increase is part ly obscured by the 
wide range of values, it seems possible to conclude that  at 
24, 36, and 48 h after Thyroxine administration liver 
chotesterogenesis is decidedly higher than in the control 
group. 

Carcass incorporation of acetate-C I* into ~atty acids and 
cholesterol after one subcutaneous dose of l OO g of l-Thyroxine. 
Table I I  shows carcass retention of acetate-C ~4 into fatty 
acids to be affected in the way of an increase 6 and 16 h 
after Thyroxine injection, while the incorporation into 
carcass cholesterol, except for a small and transient rise 
found 24 h after the administration of the hormone was 
not affected in the treated groups at  other t ime intervals. 

Hepatic incorporation of acetate-C 14 into fatty acids and 
cholesterol after repeated administration of 1-Thyroxine, The 
animals which received 1.8 mg of i-Thyroxine over a 
period of 28 days did not show some of the 'classic' signs of 
hyperthyroidism. Their weight was increased significantly 
(p 0.01) over tha t  of the controls and their fur appeared 
more luxuriant  and cleaner than that  of the controls. 
Food intake was increased. While the increase in body 
weight was in part  due to the increase in liver weight, the 
weight of the carcass was also greater at the end of treat- 
ment. Hepat ic  lipogenesis was increased four-fold. The 
increase was highly significant as is readily seen from 
Table I. While, as mentioned above, liver weight was in- 
creased, the fat ty  acid content per 100 g of liver was 
significantly lower indicating a faster turnover of hepatic 
fatty acids. Table I also shows that  contrary to what could 
be expected, cholesterol synthesis in rive following 
chronic ad/ninistration of Thyroxine was not increased. 

Carcass incorporation of acetate-C la into fall}, acids and 
cholesterol after repeated administration of 1-Thyroxine. 
Table I I  shows tha t  following prolonged thyroxine ad- 
ministration carcass lipogenesis was not affected, while 
cholesterol synthesis tended to be depressed. 

Discussion. In all experiments the animals were kept 
fasted for 24 h. The duration of fasting had been chosen so 
as to minimize the extremely wide range of individual 
variability seen when lipogenesis and cholesterogenesis are 
measured in the fed state, Under  these conditions, ad- 
ministration of a single dose of thyroxine appeared to 
promote within 24 h a 79% increase in hepatic synthesis of 
fatty acids and a 3-5-fold increase in the hepatic synthesis 
0f cholesterol. 

A major l imitation in interpreting these experiments is 
that data on retention of acetate-C 14 into fatty acids and 

cholesterol does not provide a satisfactory measure of lipo- 
genesis and cholesterologenesis unless the specific ac t iv i ty  
of the poet of acetyl groups is known a t  the site of syn- 
thesis. I t  is possible that  the apparent rates of synthesis 
are in part  function of the variations in the dilution of the 
administered acetate-C t4 by endogenously produced 
acetate. Such a possibility has been examined experimen- 
tally in studies of lipogenesis and cholesterogenesis in the 
hereditary obese hyperglycemic syndrome and in hypo- 
thalamic obesity in mice 9, In a situation such as the one 
created by thyroid t reatment  where increased oxygen 
consumption represents the most evident and rapid 
feature even after the administration of one single dose, 
a reduced acetyl pool is hardly to be expected. I t  is likely 
that  the results would be even more significant because of 
increased size of acetate pool in the treated groups if the 
size of these pools had in fact been determined, 

I t  seems therefore reasonable to conclude that  one effect 
of thyroxine is that  it increases the rate of fat ty acid syn- 
thesis in the mouse liver. This in turn may be coupled with 
or rather be the result of an increased glucose oxidation as 
both liver glucose uptake by isolated rat liver ~° and glu- 
cose oxidation in rat liver slices n have been found to be 
increased by a period of thyroid treatment.  GLOCK et al. n, 1~ 
have also found significantly higher levels of act ivi ty of 
glucose-6-phosphate and 6-phosphogluconate dehydro- 
genases in the livers of thyroid treated rats. This would 
support the possibility that  the increased lipogenesis 
might find its explanation in an increased HMP shunt 
activity. However, further investigations where utilization 
of 1-'4C-glucose and 6-'4C-glucose liver slices were deter- 
mined by measuring the conversion of these labelled sub- 
strafes into ~4CO~ failed to show comparat ively greater 
participation of the HMP shunt in the liver slices of the 
thyroid treated rats. Total liver TPN and principally 
TPNH were strikingly reduced as a result of thyroxine 
treatment. Thus, while the increase in lipogenesis in the 
thyroxine-treated animals is in agreement with the general 
concept that  lipogenesis is coupled with an increased 
glucose utilization, the mechanism of the st imulation 
remains obscure. Explanation of the fact tha t  after 
initially stimulating cholesterogenesis, continued thyroxine 
treatment brings cholesterogenesis back to pre-treatment  
levels also requires further experimental work. 

Rdsumd 

L'effet d'une dose souscutan6e de 1-Thyroxine sur des 
souris~ jeun consiste en une augmentation progressive de 
la lipog6n6se et de la cholest6rog6n6se h6patiques. Cette 
augmentation at teint  70% pour la lipog6n~se apr6s 24 h 
et 300-500% pour la cholesterog6n6se apr6s 24, 36 et 48 h. 

Un traitement chronique (28 j) cause une augmentation 
(400%) de la lipog6n~se, mais non de la cholest6rog6n6se 
h6patiques. 

Les effets de la thyroxine sur la lipog6n~se et la choles- 
t~rog6n~se extra-h~patiques sent beaucoup moins nets. 
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