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machen. Die geringfiigige Vermehrung der Lipide in der 
Speicherphase von Stamm H 16 betrifft also alle Lipid- 
klassen ann~thernd gleichm/issig, zumal such bei der 
diinnschichtchromatographischen Auftrennung der Neu- 
trallipide und der polaren Lipide keine wesentlich ver- 
schiedenen Lipidmuster in den verschiedenen Wachstums- 
phasen zu finden waren. Wit  m~Schten daher annehmen, 
dass die Lipidvermehrung bei Stamm H 16 nicht auf 
einer echten Speicherung beruht, sondern auf einer Neu- 
bildung yon Membranlipiden. Eine solche Neubildung 
wird notwendig, da die bei Speicherung angeh~iufte 
PHBS in intrazellulS~ren, wahrscheilllich mit  Membranen 
umgebenen Grana deponiert wird. Bei Stamm H 16 
sind solche Granamembranen bisher zwar noch nicht 
gesichert worden, abet in anderen Bakterienarten (B. ce- 
reus und B. megaterium) wurden sic elektronenmikrosko- 
pisch nachgewiesen ~. Aus elektronenmikroskopischen 
Aufnahmen an Stamm H 167 geht hervor, dass sich bei 
beginnender Speicherung die einzelnen PHBS-Grana 
vergr6ssern und erst bei fortschreitender Speicherung 
miteinander verschmelzen. Bei beginnender Speicherung 
diirften sich daher die Granamembranen vergr6ssern, 
wfihrend bei der sp~teren Verschmelzung der Grana keine 
weitere Vergr6sserung der Granamembranfl~che statt-  
findet. Diese Vorstellung steht im Einklang mit unseren 
Befunden; denn wir fanden zu Beginn der Speicherphase 
die grSsste Lipidzunahme, die um so geringer wird, ~e 
stiirker die PHBS-Speicherung zunimmt. 

Die betrttchtliche Lipidvermehrung bei Stamm 11/x 
bei gleichzeitiger Speicherung von Kohlenhydraten sehen 
wit als echte Speicherung yon Depot-Lipiden an. Denn 
die ill der Speicherphase angeh/tuften Lipide bestehen 
iiberwiegend aus Neutrallipiden und diese zu fiber 80% 
aus Triglyceriden. Die Triglyceridnatur dieser Haupt-  

komponente wurde durch ihre Verseifbarkeit, ihr diinn- 
schichtchromatographisehes und sgulenchromatographi- 
sches VerhalteI1 sowie durch die enzymatische Glycerin- 
bestimmung gesichert. Triglyceride sind im Bakterien- 
reich durchaus selten; mit  Sicherheit wurden sic bisher 
nur in Mycobakterien gefunden. 

Summary. The ability to accumulate lipids was investi- 
gated in two strains of hydrogen oxidizing bacteria 
(Hydrogenomonas H 16 and strain 11/x). Along with the 
deposition of poly-fi-hydroxybutyrate the amount of other 
lipids is shown to increase 1.8 times in strain H 16. I t  is 
suggested that  the increase of the latter lipids is due to 
the formation of membrane lipids that  are needed for 
the formation of membranes around the intracellular 
globules of poly-fl-hydroxybutyrate. In strain 11/x the 
amount  of iipids increases 7 times along with the storage 
of carbohydrates. In this case, the majority of lipids 
consists of triglycerides. I t  is suggested that  there is a 
true storage of neutral fat in strain l l / x .  
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Effect of a -Tocopherol  and Tocopheronolactone on 

The ethanol-induced fatty liver is inhibited by ~-toco- 
pherol and it is assumed that  this inhibition mechanism 
is probably developed by the antioxidant activity inherent 
in ~-tocopherol 1,2 Tocopheronolactone, a water-soluble 
active metabolite of ~-tocopherol, was found to increase 
the tissue ubiquinone level and to prevent the lipid 
peroxidation 3. Thus, tocopheronolactone may also modify 
the ethanol-induced fat ty liver. The present paper reports 
an a t tempt  to elucidate the effects of e-tocopherol and 
tocopheronolactone on the fat ty liver as well as the 
triglyceridemia after ethanol administration. 

Female Wistar strain rats with all average weight of 
200 g, kept on Clea MF rat diet, were used for the study. 
The animals were fasted for 8 h prior to receiving a single 
oral dose of ethanol (0.6 g/100 g of body weight as a 
50% solution). Control rats were given an equivalent 
amount of either saline or isocaloric glucose. 10 mg/100 g 
body weight of ~-tocopherol acetate and 6 mg/100 g body 
weight of equimolar tocopheronolactone (a synthetic 
product from the Eizai Co., Ltd., Tokyo, Japan) were 
dissolved in 0.1 ml of propyrene glycol and administered 
i.p. at 26, 12 and 2 h prior to the administration of 
ethanol. In this case, control rats received propylenglycol 
i.p. The animals were sacrificed 10 h after the ethanol 
administration. In the Triton experiments, the animals 
were treated in the same manner as described above, 
except that  e-tocopherol acetate dissolved in saline was 
administered i.m. 60 min before being sacrificed, the 
animals were given i.v. 50 mg/100 g body weight of 

Ethanol Induced Fatty Liver and Triglyceridemia 

Triton (Triton W R  1339, Winthrop Lab., NewYork). 
Triglycerides in liver and plasma were determined by 
the method of SARDESAI and 1V[ANNING 4. Serum lipo- 
proteins were separated using agarose gel electrophoresis 
according to the method of I~OBLE 5. Hepatic contents 
of NAD and NADH 2 were determined by the method of 
CIOTTI and KAI~LAN 6 

Following the administration of ethanol, as seen from 
Table I, liver triglyceride levels were significantly elevated 
(p < 0.01). I t  was =-tocopherol that  caused an inhibition 
of liver triglyceride accumulation as well as a hyper- 
triglyceridemia. Tocopheronolactone did not show such 
activities. To investigate the cause for the elevated levels 
of serum triglycerides, serum lipoprotein patters were 
observed by agarose gel electrophoresis. As shown in 
Figure 1, pre-~-lipoprotein and in a less degree chylo- 
micron became larger in the ethanol plus c~-tocophero] 
group. The results indicate that  the most part  of elevated 
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s e r u m  t r i g l y c e r i d e s  is e n d o g e n o u s  a n d  s y n t h e s i z e d  in  
t h e  l iver .  T h e  r e l a t i o n s h i p  b e t w e e n  l iver  a n d  p l a s m a  
t r i g l y c e r i d e  leve ls  u n d e r  t h e s e  c o n d i t i o n s  is i l l u s t r a t e d  
in  F i g u r e  2. As is a p p a r e n t  f r o m  F i g u r e  2, a s i g n i f i c a n t  
i n v e r s e  c o r r e l a t i o n  b e t w e e n  b o t h  leve ls  was  o b s e r v e d  
w i t h  a c o r r e l a t i o n  coe f f i c i en t  of  - -  0.77 (p < 0.01). 

F u r t h e r m o r e ,  t o  assess  t h e  r a t e  of  t r i g l y c e r i d e  s e c r e t i o n  
f r o m  l ive r  to  p l a s m a  c o m p a r t m e n t ,  T r i t o n  e x p e r i m e n t ,  
w h i c h  i n h i b i t s  p e r i p h e r a l  u t i l i z a t i o n  of  l i p o p r o t i n s ,  w a s  

Table I. Effect of cr and tocopheronolactone on ethano- 
induced fatty liver s 

p e r f o r m e d  (Table  I I ) .  I n  c o m p a r i s o n  w i t h  t h e  c o n t r o l  
e t h a n o l  g roup ,  a h i g h e r  deg ree  of  h y p e r t r i g l y c e r i d e m i a  
w a s  o b s e r v e d  in  t h e  a - t o c o p h e r o l  t r e a t e d  g roup .  T h e  
r e su l t s  d e m o n s t r a t e  t h a t  a - t o c o p h e r o l  is r e g a r d e d  as  a 
use fu l  v e h i c l e  for  t r i g l y c e r i d e  t r a n s p o r t  f r o m  l ive r  to  
p l a s m a .  S ince  h e p a t i c  l i p o p r o t e i n  s y n t h e s i s  w a s  n o t  
a l t e r e d  b y  t h e  a d m i n i s t r a t i o n  of  e thanolT,  s, a - t o c o p h e r o l  
s e e m s  to  be  e f f ec t i ve  in  a c c e r e l a t i n g  h e p a t i c  r e l ease  of  
l i pop ro t e i n s ,  a t  l e a s t  of  l ip id  m o i e t y .  

A p a r t  f r o m  t h e  p r o b l e m  c o n c e r n i n g  p e r o x i d e  f o r m a t i o n ,  
s t u d i e s  on  e t h a n o l - i n d u c e d  f a t t y  l ive r  a l so  i n d i c a t e  t h a t  

Group No. Triglyceride 
of Serum Liver 
rats (mg/100 ml) (mg/g) 

Ethanol plus propylene glycol 7 36.7:1:9.1 45.3 :t: 7.4 
Ethanol plus cr 5 72.0 -4- 18.6 o 30.5 -L 8.9 b 
Ethanol plus tocopheronolactone 5 41.4 -t- 10.1 46.3 -4- 5.6 
Glucose 5 37.5 :c 16.0 9.0 -4- 1.0 

a Values are expressed as mean 4- S.D. b, o. The difference to ethanol- 
propylene glycol group is statistically significant ( p <  0.05, 0.01). 

Table II. Effect of ethanol and c~-tocopherol on rates of hepatic 
triglyceride secretion a 

Serum triglyceride Triglyceride 
(rag/100 ml) secretion 

Condition Pretriton Posttriton (mg/min/ 
100 ml plasma) 

Ethanol 72 :t: 21 568 =E 42 8.3 
(p < 0.03) (p < 0.05) 

Ethanol plus 123 -l- 36 923 :k 278 13.3 
cetocopherol 
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Fig. 2. Relationship between liver and sermn triglycerides in rats 
under the conditions of ethanol (O), ethanol plus c~-tocopherol (O) 
and ethanol plus tocopheronolactone ([~) administration. 

a Each group consists of 5 animals. Values are expressed as mean 7 A. SEAKINS and D. S. ROBINSON, Biochem. J. 92, 308 (1964). 
4- S.D. 8 S. KonA and C. IChRAYAMA, Experientia 24, 438 (1968). 

Fig. 1. Lipoprotein patterns of rat serum by 
agarose gel electrophoresis; control group, 
ethanol group and ethanol plus c~-tocopherol 
group, cr c~-Lipoprotein; prefl-Lp, pre- 
~-Lipoprotein; ~-Lp,/~-Lipoprotein. 
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Table III. Effect of ~-tocopherol and tocopheronolactone on the hepatic NAD and NADH~ level following ethanol administration~ 

Group No. NAD NADH 2 NAD + NADH 2 NAD/ 
of rats i~g/g) (~g/g) (~xg/g) NADH 2 

Ethanol plus propylene glycol 6 502.0 -4- 45.5 318.5 =h 90.7 821.6 • 112.5 1.66 :i- 0.44 
Ethanol plus c~-tocopherol 5 479.0 • 76.2 301.7 4- 79.6 780.8 4- 104.3 1.68 4- 0.52 
Ethanol plus tocopheronolactone 5 471.1 ~ 55.1 202.7 4- 19.2 b 674.2 4- 69.2 2.33 4- 0.21 
No treatment 7 594.9 • 76.2 247.4 4- 70.0 843.0 -4- 138.3 2.47 ~ 0.42 

Values are expressed as mean -4- S.D. b The difference to ethanol-propylene group is statistically significant (p < 0.05). 

t he  increase  in N A D H 2 / N A D  ra t io  in hepa t i c  cell s t imu-  
la tes  t r ig lycer ide  syn thes i s  9. F r o m  th i s  po in t  of view, 
e - tocopherol  as well as t o c o p h e r o n o l a c t o n e  m a y  modi fy  
t he  e thano l - i nduced  f a t t y  l iver  t h r o u g h  t he  e n z y m e  sys t em 
which  couples  the  r educ t ion  of t o c o p h e r o n o l a c t o n e  w i t h  
t he  ox ida t ion  of NADH21~ To c lar i ty  t he i r  p a r t i c i p a t i o n  
on  t he  r eox ida t ion  of N A D H  2, levels of N A D  and  N A D H  2 
were e x a m i n e d  in t he  e t hano l - i nduced  f a t t y  l iver  w i t h  
and  w i t h o u t  t he  t r e a t m e n t  w i t h  ~- tocopherol  and  toco- 
phe rono lac tone .  As shown in Tab le  I I I ,  hepa t i c  N A D H  2 
levels, wh ich  were e leva ted  b y  t he  a d m i n i s t r a t i o n  of 
e thanol ,  could  be modi f ied  b y  t he  a d m i n i s t r a t i o n  of 
e thanol ,  a n d  b y  t h e  t r e a t m e n t  w i t h  tocophe rono lac tone ,  
but n o t  b y  t he  t r e a t m e n t  w i t h  c~-tocopheroI. T he  resu l t s  
suggest  t h a t  i t  is t ocophe r ono l ac t one  b u t  p r o b a b l y  no t  
e - tocophero l  t h a t  m a i n t a i n s  N A D / N A D H  2 rat io,  b u t  t he  
fo rmer  does no t  i n h i b i t  t r ig lycer ide  a c c u m u l a t i o n  in t he  
l iver  b y  e t h a n o l  feeding. 

Thus ,  t he  p re sen t  i nves t iga t ion  discloses t h a t  i t  is 
e - tocophero l  b u t  no t  t ocophe r ono l ac t 0ne  t h a t  exer ts  a n  

i n h i b i t o r y  effect  on the  e thano l - i nduced  f a t t y  liver.  I t  
seems t h a t  the  m a j o r  effect  of e - tocophero l  is no t  to  
mod i fy  t he  i n t r a h e p a t i c  t r ig lycer ide  m e t a b o l i s m  b u t  to  
acce lera te  t r ig lycer ide  t r a n s p o r t  f rom l iver  to  p lasma.  

Zusammen/assung. Es  wird  nachgewiesen,  dass  e-Toco- 
pherol ,  n i c h t  a b e t  Tocopherono lac ton ,  d ie  E n t s t e h u n g  
der  F e t t l e b e r  d u r c h  e inmal ige  A l k o h o l b e l a s t u n g  bet  der  
R a t t e  h e m m t .  
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Chloroplast Aging in vitro and Relationships to Fatty Acids and Polyphenoloxidase Activity 

Since t he  d i scovery  t h a t  i so la ted  ch lorop las t s  can  
undergo  da rk -  and- l igh t - induced  swell ing 1, severa l  r epor t s  
h a v e  appea red  descr ib ing  t he  cond i t ions  and  t h e  fac tors  
which  affect  these  p h e n o m e n a .  One of t he  m o s t  i n t e re s t ing  
fea tures  of ch lo rop las t  swell ing is t h a t  i t  occurs  s lowly 
in t he  dark,  whi le  i t  is a c t i v a t e d  in the  l igh t  1, 2, and  t h a t  
b o t h  of these  processes are i r revers ib le  ill da rkness  1. 
These  p roper t i e s  h a v e  suggested  t h a t  swell ing is t he  resu l t  
of a de t e r io ra t ion  process  of the  ch lo rop las t  m e m b r a n e  
sys t em 1-3. The  v a l i d i t y  of th i s  hypo thes i s  has  been  
conf i rmed  b y  e lec t ron  microscopic  s tudies  which  h a v e  
shown t h a t  l i g h t - a c t i v a t e d  and  t he  s lower dark2 induced  
swell ing cause  d ras t i c  morpholog ica l  changes  in t h e  
a r ch i t ec tu re  of t he  ch lo rop las t  l amel l a r  sys t em 4-6. New 
evidences  t h a t  ch lo rop las t  swell ing was in essence a 
de t e r io ra t ive  ( ' and /o r  aging ' )  process  arose r ecen t ly  f rom 
s tudies  on  p h o t o c h e m i c a l  r eac t ions  in  ch loroplas ts  ",7. 
Indeed,  s i n m l t a n e o u s  w i t h  t he  swell ing p h e n o m e n o n ,  t he  
capac i ty  of ch lorop las t s  to  ca r ry  ou t  l i g h t - d e p e n d e n t  
sh r inkage  d imin ished .  Also, ag ing  of ch loroplas t s  in t he  
d a r k  was  accompan i ed  b y  decreases  in  ac t iv i t i es  for 
pho tohydro lys i s ,  cyclic and  non-cycl ic  syn thes i s  of ATP,  
p h o t o r e d u c t i o n  of NADP+,  and  02 evolu t ion .  There  was 
a s t r ik ing  para l le l i sm be t w een  swell ing r a t e  and  loss of 
these  ch lo rop las t  ac t iv i t ies .  Moreover,  ch lo rop las t  incuba-  
t ion  in t he  presence  of l igh t  was  found  to ac t  synerge t ica l ly  
t owards  t he  ag ing  process  observed  in darkness .  I n  m a n y  
respects ,  these  resul t s  suggested  7 t h a t  the  effects of 
ch lo rop las t  ag ing  were c o m p a r a b l e  to  t h e  ac t ion  of f a t t y  
acids on  t he  s t r u c t u r e  and  p h o t o c h e m i c a l  ac t iv i t i es  of 
these  organel les  2-11. T he  purpose  of t h i s  no te  is to  b r i n g  

in to  focus such a corre la t ion.  Also, in t he  same connec-  
t ion,  a r e l a t i onsh ip  b e t w e e n  po lypheno lox idase  ac t i v i t y  
(O-diphenol -O2-oxydoreductase ,  EC. 1 .10 .3 .1 . )  a n d  loss 
of 0 2 evo lu t ion  capac i t y  du r ing  aging  was es tabl i shed.  

I so la t ion  of sp inach  ch lorop las t s  was  car r ied  ou t  in a 
so lu t ion  c o n t a i n i n g  175 m M  NaC1 and  100 m M  Tris-HC1 
(pH 8) 2. Chlorop las t  age ing  in v i t ro  was ob t a ined  b y  
i n c u b a t i n g  these  organel les  a t  20~ in t e s t  t ubes  con- 
t a i n i n g  the  same  m e d i u m  e i the r  in da rkness  or in l igh t  
(3.45 • 10 a ergs cm -2 x sec -1) 2 

The  f i rs t  compar i son  was m a d e  be tween  t he  effect  of 
ag ing  in v i t ro  and  t he  ac t ion  of l inolenic  and  pa lmi t i c  
acids on  ch lo rop las t  p h o t o p h o s p h o r y l a t i o n .  Tab le  I A 
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