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2¢laterial and method. L e t t u c e  seeds (Laetuca sativa var. 
Cabbage) were al lowed to  ge rmina te  in steri l ized pet r i -  
dishes  l ined wi th  f i l ter  pape r  and  t ho rough ly  mois t ened  
wi th  each of t he  fol lowing solut ions:  1 0 m l  of niacin 
(500 ppm)  combined  wi th  I0, 25, 50, 100 and  250 p p m  of 
gibberelt ic  acid (GA3}. Fo r  controls ,  s epa ra te  pe t r i  d ishes  
were used w i t h  f i l ter  paper s  mo i s t ened  w i t h  niacin  or 
GA~ solut ions  in concen t r a t i ons  men t ioned  above  or 
dis t i l led water .  E x p e r i m e n t s  were conduc t ed  in l ight  
(f luorescent  t u b e  light) a t  a t e m p e r a t u r e  of 25 °C 4- 2 °C. 

Results and discussion, The effect  of niacin (500 ppm)  
alone on g r o w t h  ot le t tuce  seedl ing is shown  in the  Table.  
I t  will be seen t h a t  the  chemical ,  a t  t he  concen t r a t i on  
used, s t rong ly  inh ib i t ed  roo t  g rowth  4. GA 3 a t  concen t ra -  
t ions  be tween  25 to  100 p p m  grea t ly  increased the  h y p o -  
co ty l  length,  whi le  t he  root  g rowth  was observed  to  be 
normal  and  s imilar  to  t h a t  of the  seedl ings grown in dis- 
t i l led water .  

The c o m b i n e d  effects  of niacin (500 ppm) and  GA 3 on 
roo t  and  h y p o c o t y l  g rowth  have  been recored in t he  
Table.  I t  is clear t h a t  GA 3, a t  t he  concen t r a t i ons  used 
(100 p p m  and  250 ppm) ,  g rea t ly  reversed the  niacin- in-  
duced  root  inhibi t ion.  As a resul t  t he  seedl ings t r e a t e d  

wi th  GA3-niacin combina t i on  ind ica ted  s t imula t ion  of 
root  g rowth  to  the  e x t e n t  of 50% c o mp a r e d  wi th  those  
t r e a t e d  wi th  niacin alone. I t  is, however ,  i m p o r t a n t  to  
no te  t h a t  even  an increase of GA 3 concen t r a t i on  up to  
250 p p m  in the  presence  of niacin (500 ppm) did no t  ap- 
pear  to  affect  h y p o c o t y l  g rowth  to a n y  s ignif icant  degree.  
This  would  p e r h a p s  be of interest ,  since GA~ is known to  
cause m a r k e d  e longat ion  in hypoco ty l  of le t tuce  seed- 
l ings 5, 6. 

The way  in which  niacin inf luences root  g rowth  is no t  
clear. I t  is known,  however ,  t h a t  niacin m i g h t  d i s rup t  
the  endogenous  a u x i n l e v e l s  by  compe t ing  for t r y p t o -  
p h a n  in t he  subs t r a t e  induced  b iosyn thes i s  7,s. On the  
o the r  h a n d  GA 3 is k n o w n  to  s t imu la t e  endogenous  levels 
of aux ins  in m a n y  p l a n t  sys tems*.  I t  would,  therefore ,  
a p p e a r  possible  t h a t  GA~ reversed  the  inh ib i to ry  effect  of 
niacin by  af fec t ing  the  endogenous  auxin  levels. This, 
however ,  r emains  to  be t e s t ed  in fu r the r  exper iments .  

Zusammen[assung. Gibberel l in  und  Niacin s ind An ta -  
gonis ten,  Niacin h e m m t  das  ~Vurzelwachstum von  Lactuca 
sativa, w~ihrend Gibberel l in  diese W i r k u n g  tei lweise auf- 
hob.  
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and hypocotyl as compared with that of niacin and distilled water 

Treatment Length in cm 

Root Hypoeotyl 
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Distilled water control 4.3 4- 0.3 2.6 -4- 0.2 
Niacin (500 ppm) 1.0 4- 0.2 2.4 -4- 0.1 
Niacin + GA 3 

500 -i- 10 ppm 1.1 -4- 0.1 3.1 4- 0.1 
500 -1- 25 ppm 1.0 4- 0.2 2.9 ~: 0.2 
500 + 50 ppm 1.3 ~: 0.1 3.4 4- 0.1 
500 + 100 ppm 2.5 ± 0.2 3.5 _[_ 0.2 
500 -t- 250 ppm 2.4 -4- 0.2 3.4 4- 0.1 

Results indicate growth of four days old seedlings, 
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Pantothenic  Acid Distr ibut ion and Prote in  Synthes i s  in the Particulate  Fract ions  of Rat Liver 

I t  was  r epo r t ed  in earl ier  commun ica t i ons  1, 2 publ i shed  
f rom this  l abo ra to ry  t h a t  p a n t o t h e n i c  acid  exe r t ed  a mark-  
ed effect  on  t h e  g r o w t h  of ra t s  and  t h a t  i t  s t i m u l a t e d  the  
syn thes i s  of b lood pro te ins .  

The  p resen t  pape r  gives an accoun t  of t he  d i s t r ibu t ion  
of p a n t o t h e n i c  acid in vaious  pa r t i cu la te  f rac t ions  of l iver 
of r a t s  receiving p a n t o t h e n i c  acid s u p p l e m e n t s  in t he  diet .  

]klaterials and methods, I t  was observed  f rom t h e  experi-  
m e n t s  conduc t ed  earl ier  1 in respec t  of ad  l ib i tum feeding,  
t h a t  t h e  food c o n s u m p t i o n  of the  an imals  fed on a pan to -  
then ic  acid def ic ient  d ie t  was  m u c h  less t h a n  t h a n  those  
m a i n t a i n e d  on the  a d e q u a t e  diet ,  and  the i r  g r o w t h - r a t e  
was also lower. In  order  to e l imina te  the  effect  of inan t ion  
f rom t h a t  of p a n t h o t h e n i c  acid deficiency,  pa i r - feed ing  
e x p e r i m e n t s  were carr ied out.  4-5 week-old male  albino 
rats ,  weighing 35-40 g, were  d i s t r ibu ted  according to  t he  
b o d y  weight  and  l i t t e r  m a t e s  in to  6 pairs.  The  con t ro l  ra t  
in each  pa i r  was  ted  on the  p a n t o t h e n i e  acid def ic ient  d ie t  
as descr ibed  in  t h e  p rev ious  p a p e r  ~ and  i ts  pa i r - fed  ex- 
p e r i m e n t a l  m a t e  was  fed on the  d ie t  s u p p l e m e n t e d  wi th  
ca lc ium p a n t o t h e n a t e  (20 mg/kg  diet).  The ac tua l  a m o u n t  

of def ic ient  d ie t  consumed  by  the  cont ro l  r a t  was  de ter -  
mined  dai ly  and  an  equal  a m o u n t  of e x p e r i m e n t a l  d ie t  
was fed to  i ts  pai r - fed  m a t e  on the  fol lowing day.  B o t h  
the  d ie t s  were  equicaloric.  The  pa i r - fed  m a t e s  c o n s u m e d  
the  ent i re  a m o u n t  of food g iven  to  t hem.  

Af te r  the  10th week, w h e n  t h e  typ ica l  s y m p t o m s  of 
p a n t o t h e n i c  acid deficiency,  such as b loody  whiskers  and  
r edden ing  of paws,  were deve loped  in the  contro l  group, the  
an imals  in b o t h  groups  were sacrif iced by  decap i t a t i on  
and  a l lowed to  bleed profusely.  The  l ivers were quick ly  
excized and  p laced  in an  ice-cold no rma l  saline. T h e y  were  
b l o t t e d  be tween  the  f i l ter  pape r s  and  weighed.  The  homo-  
genates  (10%) were p r e p a r e d  wi th  isotonic sucrose 
(0.25 M) + CaC12 (0.0018 3I) solut ipn in P o t t e r  and  Elveh-  
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Table I. Effect of pantothenic acid on protein content of particulate fractions of liver in rats (10 weeks) 
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Diet 

Mean with S.E. (6 animals/group) 

Weight of rat Weight of liver Weight of liver Protein (mg/g fresh liver) 
(g) (g) (g]100 g body wt.) H N M 

Basal (deficient) 105 -4- 5.81 4.14 4- 0.08 3.95 4- 0.07 206 4- 2.55 47 4- 1.39 

Basal + Ca-pantothenate 148 -4- 5.83 5.01 4- 0.19 3.39 ± 0.08 233 4- 1.40 47 4- 0.90 

Statistical analysis 

Values of t 5.22 -- -- 5.84 0.00 

Values of t equal to and greater than 3.17 are significant at 1% level. 

56 4- 1.20 

60 4- 0,02 

1.70 

96 4- 2.10 

114 4- 2.07 

6.10 

H, honlogenate; N, nuclear fraction; M, mitochondrial fraction; S, supernatant fraction. 

Table II. Pantothenie acid content of particulate fraction of liver in rats (10 weeks) 

Diet 

Mean with S.E. (6 animals/group) 

Total pantothenic acid ([zg/g fresh liver) 
H N 

Basal (deficient) 27.0 -4- 0.30 7.1 q- 0.39 7.2 4- 0.14 12.7 4- 0.27 

Basal + Ca-pantothenate 87.1 4- 1.19 7.2 -4- 0.55 18.2 4- 0.92 61.8 -t- 0.54 
(experimental) 

H, homogenate; N, nuclear fraction; M, mitochondrial fraction; S, supernatant fraction. 

j em t y p e  homogen ize r  consis t ing of a s m o o t h  wal led glass 
t ube  f i t t ed  wi th  an e lect r ical ly  d r iven  te f lon  pest le .  The 
var ious  pa r t i cu la t e  f rac t ions  of l iver h o m o g e n a t e  were 
isolated by  d i l ferent ia l  cen t r i fuga t ion  by  the  m e t h o d  of 
SCHNEIDER and  HOGEBOObI 3, 4. 3 f rac t ions  cons is t ing  of 1. 
nuclear,  2. m i t o c h o n d r i a  and  3. s u p e r n a t a n t  f rac t ion 
(microsomes and  soluble por t ion)  were isolated.  

P ro t e in  c o n t e n t  of the  h o m o g e n a t e  and. t he  pa r t i cu la te  
f rac t ions  was d e t e r m i n e d  by  the  s t a n d a r d  Biure t  reac t ion  5. 
An a l iquot  of t h e  l iver  h o m o g e n a t e  and  pa r t i cu la t e  frac- 
t ions  were  t a k e n  for t he  assay of to ta l  p a n t o t h e n i c  acid. 
A double  enzYme t r e a t m e n t  descr ibed b y  NOVELLI and  
SCHMETZ ~ was  given to  l ibera te  bound  p a n t o t h e n i c  acid. 
The v i t a m i n  was assayed  nl icrobiological ly using L. ara- 
binosus 17/5 as t e s t  o rgan i smL 

Results and discussion. I t  will be seen f rom the  resul ts  
p re sen ted  in Table  I t h a t  the  add i t ion  of ca lc ium pan to -  
t h e n a t e  to  t h e  def ic ient  d ie t  resul ted  in t he  e leva t ion  of 
l iver p ro t e in  con ten t .  The dif ference be tween  the  values  
of l iver p ro t e in  in the  cont ro l  and  expe r imen ta l  groups  is 
s ignif icant  a t  1% level. The increase in t he  l iver p ro te in  
con ten t  in e x p e r i m e n t a l  group is ref lected in t he  e leva t ion  
of p ro t e in  in the  s u p e r n a t a n t  f ract ion.  The s t imu la to ry  
act ion of p a n t o t h e n i c  acid on l iver  p ro te in  fo rma t ion  m a y  
have  been  m e d i a t e d  ind i rec t ly  t h r o u g h  its b o u n d  form 
(Coenzyme-A) which  ac t iva tes  amino  acids. 

The pe rcen t  d i s t r ibu t ion  of p a n t o t h e n i c  acid (Table II) 
is also more  in t he  s u p e r n a t a n t  f rac t ion  as compa red  wi th  
t h a t  in nuclear  and  mi tochondr i a l  f rac t ions  in b o t h  the  
def ic ient  and  expe r imen ta l  groups.  The s u p p l e m e n t a t i o n  
of C a - p a n t o t h e n a t e  r e su l t ed  in the  increase of the  pan to -  
thenic  acid concen t r a t ion  in t he  s u p e r n a t a n t  f rac t ion of 

l iver f rom 47% (deficient  rat) to  71% (exper imenta l  mate)  
of t he  to ta l  p a n t o t h e n i c  acid c o n t e n t  of the  liver. 

I t  appears ,  therefore ,  t h a t  tile func t ion  of th is  v i t a mi n  
is conf ined more  in t he  s u p e r n a t a n t  f rac t ion  of the  l iver 
t h a n  t h a t  of nuc lear  and  mi tochondr i a l  fractions.  

Zusammen/assung. R a t t e n  wurden  wiihrend 10 W o c h e n  
mi t  durch  P a n t o t h e n s ~ u r e  angere icher te  N a h r u n g  oder  mi t  
Pan to thens~ure -Mange ld i~ t  geffi t tert .  I m  Anschluss  d a r a n  
w u r d e n  die du rch  Dif fe ren t ia lzen t r i fuga t ion  gewonnenen  
F r a k t i o n e n  von  L e b e r h o m o g e n a t  auf  ihren Pro te in -  und  
P a n t h o t h e n s i i u r e g e h a l t  un te r such t .  Die Resu l t a t e  d e u t e n  
darauf  hin, dass  Pan tho thensAure  die Sy n t h e s e  yon  Le- 
berpro te inen ,  insbesondere  in der  O b e r s t a n d s - F r a k t i o n ,  
s t imul ier t .  
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