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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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shows t h a t  a 2 h aging per iod in darkness  causes the  
same inhib i t ion  of th is  ac t iv i ty  as a 50 tzM linolenic 
acid t r e a t m e n t  of fresh chloroplasts .  Increas ing  concen- 
t r a t ion  of l inolenic acid up to 200 ~zM diminishes  photo-  
phosphory la t ion  ac t iv i ty  down to  the  same level as a 
2 h aging per iod of chloroplas ts  in the  light.  At  bo th  of 
these  concentra t ions ,  pa lmi t i c  acid has prac t ica l ly  no 
inh ib i to ry  effect.  The second compar i son  concerned l ight-  
induced  shr inkage capaci ty .  Table  I B shows, as in the  
case of p h o t o p h o s p h o r y l a t i o n  ac t iv i ty ,  t h a t  a 2 h aging 
per iod in darkness  inhib i t s  by  half  l igh t - induced shr inkage  

chemical  act ivi t ies  dur ing aging is caused, a t  least  in 
par t ,  by  an accumula t ion  of free f a t t y  acids in the  plast ids,  
p robab ly  due to increased enzymat i c  hydrolys is  of endo- 
genous lipids dur ing th is  p h e n o m e n o n  s-ll .  In  th is  con- 
nection,  the  greater  inh ib i t ion  observed wi th  chloroplas ts  
aged in the  l ight  should be in te rp re ted  as the  resul t  of 
a greater  accumula t ion  of these  compounds .  Also, it  is 
in te res t ing  to  men t ion  t h a t  linolenic acid, which  is the  
more  a b u n d a n t  f a t t y  acid in the  chloroplas t  l ipids 1s and 
therefore  the  main  degrada t ion  t%roduct of l ipids dur ing 
aging 10, is much  more  effective t h a n  pahn i t i c  acid. 

Table I. Comparison of chloroplast aging in vitro and the effect of 
2 fatty acids on photophosphorylation and light-induced shrinkag~ 
capacity by chloroplasts 

Experimental conditions Control % of control 

A) Cyclic photophosphorylation 
Agingin vitro: Dark-0 min (control) 171~ 100 100 

Dark-120 min 52 (5) 
Light-120 min 8 (5) 

Linolenic acid 0 [xM 126 ~ 100 100 
50 [xm 55 (7) 

200 [xM 7 (7) 
Palmitic acid 50 ~zM 94 (7) 

200 [zM 90 (7) 

B) Light-induced shrinkage capacity 
Agingin vitro: Dark-0 min (control) 181b 100 100 

Dark-120 min 42 (6) 
Light-120 min 4 (6) 

Linolenic acid 0 [xM (control) 181b 100 100 
50 [zM 50 (6) 

200 [zM 26 (6) 
Palmitie acid 50 ~tM 89 (6) 

200 ~M 88 (6) 

ATP synthesis was determined by measuring the uptake of Pi 
(HORWlTT'S teehniquO 2) in the following basic reaction mixture: 
NaC1 (35 raM), Tris-HCl (20 mM, pH 8), MgC12 (5 mM), KH2PO 4 
(0.5 raM, pH 8), ADP (0.5 mM), phenazine methosulfate (PMS, 
20 [zM) and chloroplasts (20 [xg chlorophyll/ml) over a 10 min period 
during which photophosphorylation was linear. Light-induced 
shrinkage was estimated by measuring light-scattering increase at 
90 ~ (546 nm) with a modified ~ Photovolt fluorimeter (model 540) 
in the following reaction mixture: KH2PO 4 (50 mM, pH 6), NaC1 
(35 mM), MgC12 (5 mM), PMS (20 [zM) and chloroplasts (20 lag 
chlorophyll/ml). In the experiments involving fatty acids, all the 
reaction mixtures contained 0.5% ethanol. The number of experi- 
ments are shown in parentheses. ~xmoles phosphate esterified/mg 
chl/h, b Irmreases in scattering intensity following illumination with 
red light are expressed as a percentage change of the initial scattering 
level (100). 

Table II. Comparison of chloroplast aging in vitro and the effect 
of 2 fatty acids on 02 evolution and polypbenoloxidase activity by 
chloroplasts 

Experimental conditions Control 0/0 of control 

A) 02 evolution 
Agingin vitro: Dark-0 min (control) 72 a 100 100 

Dark-120 min 60 (5) 
Light-120 min 7(5) 

Linolenic acid 0 [xM (control) 51 a 100 100 
50 ~tM 48 (6) 

200 ~M 0 (6) 
Palmitic acid 50 ~tM 89 (7) 

200 ~tM 94 (6) 

B) Polyphenoloxidase activity 
(02 fixation) 

Agingin vitro Dark-0 rain (control) 17 �9 100 100 
Dark-120 rain 206 (13) 
Light-120 rain 200 (13) 

Latent period Dark-0 min (control) 7 b 100 100 
Dark-120 rain 66 (10) 
Light-120 rain 5 (10) 

Linolenic acid 0 0~M (control) 17 ~, a 100 100 
50 ~M 126 (8) 

200 [aM 249 (5) 
Latent period LinoIenie 0 ~M 3 b,a 100 100 

acid 50 ~M 63 (8) 
200 ~tM 35 (5) 

02 evolution in the light and polyphenoloxidase activity (uptake 
of 02) in the dark were determined polarograpbically with a Clark 
electrode at 20~ The reaction mixtures contained NaC1 (35 raM), 
Tris-HC1 (20 raM, pH 8), MgC12 (5 raM), K ferricyanide (i raM), 
0.5% ethanol for the fatty acids experiments and chloroplasts 
(20 btg ehlorophyll/ml) for 02 evolution and Na-phosphate buffer 
(0.1M, pH 6.5), 4-methyleatechol as substrate (2.0 raM, pH 6.5) 
and chloroplasts (55 ~tg chlorophyll/ml) for the polyphenoloxidase 
activities determination. . Oxygen evolved or fixed in btmoles/mg 
Chl/h. b Min. ~ These experiments were performed by Mrs. P. VAU- 
CriER. a For 20 ~tg Chl/ml in the reaction mixture. 

as does a 50 ~zM linolenic acid t r ea tmen t .  A 2-h aging 
per iod in the  l ight  and  a 200 ~xM linolenic acid t r e a t m e n t  
accen tua te  t he  inh ib i to ry  effect  down to  a comparab le  
level. Again, pa lmi t ic  acid does no t  grea t ly  affect  th is  
ac t iv i ty .  The th i rd  compar ison  was es tabl ished for 0 2 
evolut ion wi th  aged or f a t t y  acid t r ea t ed  chloroplasts .  
The exper imen t s  repor ted  in Table  I I  A lead to  the  same 
conclusions as wi th  pho tophospho ry l a t i on  and  l ight-  
induced shrinkage.  

Thus,  these  resul ts  reveal  t h a t  there  is a s t r iking paral-  
lel ism be tween  the  consequences  of chloroplas t  aging 
in v i t ro  and the  act ion of l inolenic acid on the  photo-  
chemical  act ivi t ies  tes ted ,  i.e. pho tophosphory la t ion ,  
l ight - induced s t ruc tu ra l  changes  and O 3 evolut ion.  These 
f indings s t r eng then  the  view 7 t h a t  inhib i t ion  of pho to -  

Since po lyphenolox idase  ac t iv i ty  was found to be 
localized in chloroplas ts  14, it  was t e s t ed  in aging chloro- 
p las ts  in order  to  de tec t  w h e t h e r  th is  ac t iv i ty  could also 
be responsible  for the  inhib i t ion  of O~ evolut ion dur ing  
aging. Indeed,  Table  I I B  shows tha t ,  in the  presence of 
4 -methy lca techol  as subs t ra te ,  po lyphenolox idase  ac t iv i ty  
is s t imula ted  to  the  same e x t e n t  (100%) in 2-h da rk -and  
l ight-aged chloroplasts .  In  view of the  synerget ic  effect  
of l ight  towards  aging 3, ~, i t  is r a the r  surpr is ing to f ind 
the  same ra te  of s t imula t ion  for the  chloroplas ts  aged 

12 B. N. HORWITT, J. biol. Chem. 199, 537 (1952). 
13 C. F. ALLEN, P. GOOD, H. F. DAVIS and S. D. FOWLER, Biochem. 

biophys. Res. Commun. 15, 424 (1964). 
14 ID. I. ARNON, P1. Physiol., Lancaster 2d, 1 (1949). 
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in l ight  and darkness. P re l iminary  observat ions  indicate  
however  tha t  l ight  causes first  a s t imula t ion  and then  
an inhibi t ion of O 2 fixation.  The most  s tr iking difference 
be tween dark-and- l ight-aging occurs at  the  level of 
the  la ten t  period of the  enzyme act ivi ty .  I n  fresh chloro- 
plasts, a 7 rain average l a ten t  period was observed.  
After  a 2 h chloroplast  incubat ion  in vi t ro,  this  period 
decreases to 66 and 5 % in darkness and light, respectively.  
I t  appears  t h a t  the  impa i rmen t  of the  la ten t  period in 
the  l ight  (and also to a" lesser ex ten t  in darkness) reflects 
an advanced  s ta te  of chloroplast  aging which was a l ready 
observed for morphological  2 and photochemica l  v para-  
meters.  I n  this connection,  the  effect of l inolenic acid 
shows an interest ing resemblance to aging. Indeed,  
increasing concentra t ions  of Iinolenic acid accelerate the  
ra te  of polyphenoloxidase  ac t iv i ty  and diminish the  
la ten t  period. Also, these results indicate  a close inter-  
relat ionship be tween inhibi t ion of O 2 evolu t ion  and 
ac t iva t ion  of polyphenoloxidase  ac t iv i ty  by  a linolenic 
acid or aging t rea tment .  

Thus,  i t  appears  that the  increase of polyphenoloxidase  
ac t iv i ty  dur ing chloroplast  aging and the  discrepancy 
of the  la ten t  period behaviour ,  towards dark  and l ight  
incubat ion of chloroplast,  and, towards  var ious  linolenic 
acid concentrat ions,  represent  new parameters  which 
must  be t aken  into considerat ion in our s tudy  of aging 
of the  photosynthe t ic  appara tus  in v i t ro  ~. 

Rdsumd. Un viei l l issement  in v i t ro  de chloroplastes 
isol6s d '6pinard et  un t r a i t emen t  par  l 'acide linol6nique, 
5~ des concentrat ions  croissantes, p rovoquen t  des inhibi-  
tions, comparables,  de la photophosphoryla t ion,  de la 
capacit6 des plastides ~ se contracter  et ~ d6gager de 
I 'O 2. De plus, ces deux t ra i t ements  s t imulent  dans la m4me 
propor t ion  l 'ac t iv i t6  des polyph6noloxydases.  Ainsi, 
l 'acide l inol6nique semble 4tre Fun des facteurs respon~ 
sables du viei l l issement  in v i t ro  des chIoroplastes. 
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The Effects of S t imulat ion  of the Olfactory: Bulbs  

In  a previous paper  1 we found tha t  bi la teral  excision 
or sectioning of the  ol factory bulbs in the  ra t  produced 
a decrease in the  to t a l  serum proteins,  a lbumin,  and 
~- and fl-globulins, while no change was observed in 
F-globulin. These results led us to bel ieve tha t  s t imulat ion 
of the  ol factory bulbs could produce opposite  effects. The  
present  s tudy  has been effected to ver i fy  this hypothesis .  

Materials and methods. 85 whi te  rats  of bo th  sexes 
weighing f rom 140-220 g each and chosen f rom stock 
bred in our Ins t i tu te ,  were used. 

The  animals  were d iv ided into 4 lots, as follows: a) bila- 
teral  insert ion of stainless steel electrodes in both  bulbs, 
no current  being applied (control group - 14 subjects);  
b) stainless steel electrodes in bo th  bulbs (electro-chemical 
s t imulat ion - 22 subjects) ; c) p l a t inum electrodes in bo th  
bulbs (6 subjects);  d) bi la teral  insert ion of stainless steel 
electrodes in the  par ie ta l  cor tex  (electro-chemical s t imula-  
t ion - 7 subjects).  

The electro-chemical  s t imuIat ion was effected by  means  
of stainless steel electrodes ~ of 0.3 m m  in diameter ,  using 
a Nuclear  Chicago St imulator ,  model  7153, to provide  
monophase,  square wave,  d i rect  current  w i th  an in tens i ty  
of 1 m A  for 10 sec. 

In  order to discard any  possibi l i ty of the  effects found 
being due to the  lesions caused by  the  stainless steel 
electrodes instead of to the  s t imula t ion  created by  the  
iron ion deposit ,  p l a t inum electrodes were also used, since 
the  la t te r  e lement  does no t  produce a metal l ic  ion deposit .  

A s tereotaxic  apparatus ,  unde r  visual  control,  was 
used to insert  the  electrodes to a depth  of 1 m m  in the  
par ie ta l  cor tex  and in the  posterior  par t  ol the  i~lfactory 
bulbs. The  neut ra l  electrode was placed in the  s tereotaxic  
appara tus  close to the  subject .  Trepana t ion  of the  Skull 
was per formed under  e ther  anesthesia  in the  area  of the  
olfactory bulbs or in t h a t  corresponding to  the  par ie ta l  
cortex. To ta l  serum proteins and thei r  subfract ions were 

on the S e r u m  Prote ins  of the Rat  

determined  prior to operat ing and also 1, 3 and 5 h af ter  
s t imulat ion.  

The  concent ra t ion  of to ta l  serum proteins  was deter-  
mined  by  the  biuret  method,  paper  electrophoresis being 
used for t ha t  of the  different  subfractions.  Tai l  sect ioning 

[ ]  ~tfot 
[ ]  0lfac~ory bulbs(s~ainleas~L) 
Im Olfactory DulDs(p]atinum) 
[ ]  c~r~Dral cor1~• 

Total Albumin Alpha Beta Gamma 
proteins globulins 

Changes in serum proteins 3 h after stimulation of the olfactory 
bulbs and cerebral cortex. Values are expressed in percentages of 
their initial value which is taken as 100%. Bars represent the mean 
~: S.E. 
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