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Role of A m i n o  Acids  on the Growth  and Lipase Product ion  of Streptococcus faecalis 

Lact ic  acid bacfer ia  have  been repor ted  to  e labora te  
lipases ~ 4. Incorpora t ion  of amino acids in the  basal  
m e d i u m  has  been found  to  enhance  lipase produc t ionS-L 
The p resen t  s tudy  was  conduc t ed  to inves t iga te  the  effect  
of amino acids incorpora t ion  on the  g rowth  of Strepto- 
coccus/aecalis and synthes is  of lipase. 

Materials and methods. A stra in  of S. laecalis (272) was 
isolated f rom s tored K h o a  samples.  The cul ture was 
p ropaga t ed  in a basal  med ium consis t ing of 2% pep tone  
(Oxoid), 0.3% yeas t  ex t r ac t  (Oxoid), 1~ glucose (B.D.H), 
0.5% NaCI (B.D.H), 10% t o m a t o  juice, w i th  p H  ad jus ted  
to 7.5. 

Lipase ac t iv i ty  was de t e rmined  by  the  m e t h o d  of 
OI e t  al, s wi th  some modif icat ions  wi th  regard to sub- 
s t ra te  and  buffer.  The  reac t ion  mix tu re  con ta ined  5.0 ml  
b u t t e r  oil emulsion,  5.0 ml  of 0.2 M Tris-HC1 buffer  
(pH 7.5), 2 ml of 0.2 M NaC1 solution, 2 ml of glass 
disti l led wa te r  and 1 ml  of enzyme solution. In  the  control  
set, the  enzyme was boiled for 20 min.  The p H  of the  
reac t ion  mix tu re  in the  control  set  was first  no ted  and 
then  the  p H  of the  exper imenta l  set  was b rough t  to the  
same level by  the  add i t ion  of 0.01 N alkali. The a m o u n t  of 
0.01 N alkali required to br ing  the  p H  of the  enzyme 
solution to t h a t  of cont ro l  cor responded to the  lipase 
ac t iv i ty  in t e rms  of ~moles of free f a t t y  acids. 

The r equ i remen t  of essent ial  amino acids for g rowth  
and  lipase p roduc t ion  by  S. /aecalis was de te rmined  by  
delet ing each of the  amino acids f rom the  comple te  

Amino acids requirement of S. [aecalis in relation to growth and 
lipase production 

Amino acids omitted O.D. (660 nm) Lipase activity ~ 

None 0.70 4.6 
Alanine 0.60 3.0 
Aspartic acid 0.71 4.5 
Arginine 0.42 0.20 
Cystine 0.70 4.2 
Glutamin acid 0.43 0.30 
Glycine 0.64 3.7 
Histidine 0.42 0.4 
1soleucine 0.43 0.7 
Leucine 0.41 0.7 
Lysine 0.64 3.5 
Methionine 0.43 0.75 
Phenylalartine 0.69 4.60 
Proline 0.69 4.7 
Serine 0.60 2.5 
Threonine 0.43 0.5 
Tyrosine 0.70 4.5 
Tryptophane 0.42 0.30 
Valine 0.40 0.25 

~#moles of free fatty acids released/ml of broth. 

syn the t i c  med ium 8. S./aecalis was inocula ted  into 19 sets of 
media  and incuba ted  at  30~ for 24 h. The extracel lular  
enzyme obta ined,  was t h e n  ad jus t ed  to  p H  7.5 a t  4~ by  
the  addi t ion  of 0.01 iV alkali. Lipase  ac t iv i ty  was then  
e s t ima ted  in each case 9. 

Results and discussion. The omission of amino acids like 
arginine, g lu tamic  acid, his t idine,  isoleucine, leucine, 
meth ionine ,  threonine ,  t r y p t o p h a n e  and valine f rom the  
syn the t i c  med ium resul ted in a marked  decline in g rowth  
(0.40 to 0.43, O.D.) as well as l ipase product ion (0.2 to  
0.7 ~,moles) (Table). Amino acids such as alanine, glycine, 
lysine and serine appeared  to s t imula te  lipase product ion ,  
whereas  aspar t ic  acid, cyst ine,  phenyla lanine ,  proline 
and  tyros ine  were non-essent ia l  for bo th  g rowth  and 
lipase product ion .  In  cont ras t ,  SNELL and GUIRARD 10 
repor ted  t h a t  methionine ,  valine, h is t id ine  and isoleucine 
were no t  essent ial  for the  g rowth  of S./aecalis. Our resul ts  
as to the  essent ial  na tu re  of 9 amino  acids are comparab le  
w i th  those of GREENHUT et al. 11, where  4 essent ial  amino 
acids were no t  found to  be essent ial  for the  growth  of 
Streptococcus/aecalis (272). 

Summary. A s tudy  was conduc ted  on the  r equ i r emen t  
of amino acids for the  g rowth  of S. /aecalis and its lipase 
product ion .  Arginine, g lu tamic  acid, hist idine,  leucine, 
isoleucine, methionine ,  threonine ,  t r y p t o p h a n e  and valine 
were found to be essential,  wi th  alanine, glycine, lysine 
and serine as s t imula to ry  and aspar t ic  acid, cyst ine,  
phenyla lanine ,  proline and tyros ine  as non-essent ia l  for 
bo th  growth  and lipase synthesis .  
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Studies  on the Effect of Allicin (Diallyl  D i s u l p h i d e - O x i d e )  on Al loxan Diabetes  

The au tho r  has r epor ted  in a previous paper  I on the  
O 

beneficial  effects of allicin (Calls-S-S-Calls) on al loxan 
diabetes  wi th  special reference to  its hypog lycemic  action.  
Such an effect  was found  only in d iabet ic  animals  which  
responded  to to lbu tamide ,  Viz. mild alloxan diabetes .  The 
effects of bo th  these  drugs were found to be d e p e n d e n t  on 

the  insulin reserves  of t he  animals.  In  the  p re sen t  s tudy  
the  au tho r  has inves t iga ted  the  dose-effect  re la t ion of 
allicin and also its effect  on s h o r t - t e r m  t r e a t m e n t ,  as 
compared  to the  s t a n d a r d  drug t o l b u t a m i d e  on the  fas t ing  

1 p. T. MATHEW and K. T. AUGUSTI, Indian J. Biochem. Biophys. 
70, 209 (1973). 
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Table I. Dose effect relation of allicin as compared to a standard dose of tolbutamide (0.25 g/kg) in alloxan diabetic rabbits 

Drug administered Dose (g/kg) Blood sugar (mE/100 ml) 

Oh 2h  

Hypoglyeemie potency as 
blood sugar fall ( ~o ) 

Allicin 0.05 265.0 =[: 7.0 240.0 4- 6.0 �9 9.4 
0.10 270.0 :J_ 6.0 225.0 ~ 8.0 b 16.7 
0.25 255.0 -l- 8.0 204.0 4- 7.0 * 20.0 

Tolbutamide 0.25 265.0 :h 10.0 200.0 ~ 7.0 a 24.5 
Control - 250.0 • 5.0 245.0 • 6.0 2.0 

25 ml distilled water was administered to all the groups. Results are expressed as mean values of 6 rabbits 4- SE. 
Student 's  t-test; ~p < 0.05; bp % 0.01; op < 0.005; ap % 0.001. These values are significantly lower than the initial values. 

b lood  s u g a r  a n d  g l u c o s e  n i t r o g e n  r a t i o  ( G : N )  of a l l o x a n  
d i a b e t i c  r a b b i t s .  

Materials and methods. T h e  b l o o d  s u g a r  l o w e r i n g  e f f ec t  
of  a l l ic in  in  t h e  d o s a g e  r a n g e  of  0.05 g t o  0.25 g / k g  w a s  
i n v e s t i g a t e d  o n  f a s t i n g  a l l o x a n  d i a b e t i c  r a b b i t s .  A l l o x a n  
d i a b e t e s  w a s  p r o d u c e d  in  m a l e  a l b i n o  r a b b i t s  a s  d e s c r i b e d  
p r e v i o u s l y 2 .  Al l i c in  w a s  p r e p a r e d  f r o m  f r e s h  ga r l i c  c l oves  
a c c o r d i n g  t o  t h e  m e t h o d  of  CAVALLITO a n d  BAILEY a. 
T o l b u t a m i d e  w a s  s u p p l i e d  b y  H o e c h s t  P h a r m a c e u t i c a l s  
L t d . ,  B o m b a y .  A n i m a l s  w e r e  f ed  t h e  n o r m a l  l a b o r a t o r y  
d i e t  ( H i n d u s t a n  L e v e r  r a b b i t  feed)  a n d  t h e y  w e r e  u s e d  
a f t e r  2 w e e k s  w h e n  t h e i r  b l o o d  s u g a r  l eve l s  s t a b i l i z e d .  
B e f o r e  e a c h  e x p e r i m e n t  t h e  a i m a l s  were  f a s t e d  for  i 8  h .  
R a b b i t s  w i t h  b l o o d  s u g a r  r a n g e  of 2 0 0 - 3 0 0  r a g / 1 0 0  m l  
we re  u s e d  fo r  t h e  p r e s e n t  s t u d y ,  a n d  t h e  d o s e - e f f e c t  
r e l a t i o n  o f  a l l i c in  w a s  d e t e r m i n e d  fo l l owi ng  a p r o c e d u r e  
d e s c r i b e d  p r e v i o u s l y  *. O n e  g r o u p  s e r v e d  as  c o n t r o l ,  a n d  
in  t w o  o t h e r  g r o u p s  t h e  h y p o g l y c e m i c  e f f ec t s  of  a s t a n d a r d  
dose  of t o l b u t a m i d e  (0.25 g /kg)  a n d  v a r y i n g  d o s e s  of  
a l l i c in  w e r e  s t u d i e d  for  a p e r i o d  of 2 h. As  t h e  m a x i m u m  
e f f e c t s  of  t h e s e  d r u g s  w e r e  o b s e r v e d  a t  t h e  2 n d  h in  t h e  
p r e v i o u s  s t u d y  ~, t h e  h y p o g l y c e m i c  a c t i o n  of  e a c h  a t  t h i s  
i n t e r v a l  w a s  t a k e n  for  c o m p a r i s o n  a t  p r e s e n t .  B l o o d  
s u g a r  w a s  e s t i m a t e d  b y  t h e  m e t h o d  of  ASATOOR a n d  KING 5 
u s i n g  t h e  low a l k a l i n e  c o p p e r  r e a g e n t  of  SOMOGYI 6. 
T h e  e f f ec t  of  a l l i c in  o n  t h e  g l u c o s e / n i t r o g e n  r a t i o  of  
a l l o x a n  d i a b e t i c  r a b b i t s  a f t e r  s h o r t - t e r m  t r e a t m e n t  was  
c o m p a r e d  w i t h  t h a t  p r o d u c e d  bY t h e  s a m e  d o s e  o f  to l -  
b u t a m i d e .  I n i t i a l l y  t h e  f a s t i n g  b l o o d  s u g a r  l eve l s  a n d  t h e  
G : N  r a t i o s  o f  3 g r o u p s  of  a l l o x a n  d i a b e t i c  r a b b i t s  we re  
s t u d i e d  s e p a r a t e l y .  T h e  G : N r a t i o  w a s  s t u d i e d  b y  e s t i m a t -  
i n g  g l u c o s e  a n d  n i t r o g e n  in  t h e  u r i n e  of  r a b b i t s  f ed  o n l y  
c a s e i n  ~, a. A l l i c in  a n d  t o l b u t a m i d e  a t  a d o s a g e  of  100 m g /  

k g / d a y  we re  t h e n  a d m i n i s t e r e d  o r a l l y  to  s e p a r a t e  g r o u p s  
of  d i a b e t i c  r a b b i t s  for  a p e r i o d  of  7 d a y s .  T h e  3rd  g r o u p  
w a s  k e p t  as  con t ro l .  A f t e r  1 w e e k  of  t r e a t m e n t ,  t h e  f a s t i n g  
b l o o d  s u g a r  a n d  G : N  r a t i o  in  u r i n e  we re  a g a i n  e s t i m a t e d  
a s  be fo r e  in  al l  t h e  g r o u p s .  T h e  e f f ec t s  o f  a l l i c in  were  
e x p r e s s e d  a s  p e r c e n t a g e  e f f ec t s  o n  b l o o d  s u g a r  a n d  G : N  
ra t io ,  a n d  w e r e  c o m p a r e d  w i t h  t h o s e  of t o l b u t a m i d e .  

Results. T h e  r e s u l t s  o b t a i n e d  o n  t h e  d o s e - e f f e c t  r e i a t i o n  
of  a l l i c in  a r e  g i v e n  in  T a b l e  I.  I t  i n d i c a t e s  t h a t  50 m g / k g  
is a n  e f f e c t i v e  d o s e  of  a l l i c in  to  p r o d u c e  a s i g n i f i c a n t  
b l o o d  Sugar  fa l l  in  a l l o x a n  d i a b e t i c  r a b b i t s  (p < 0.05). 
T h e r e  is  a n  i n c r e a s e  in  h y p o g l y c e m i c  a c t i v i t y  w i t h  r e s p e c t  
t o  t h e  d o s e  of  a l l ic in .  I n  t e r m s  of  b io log i ca i  p o t e n c y  
a g a i n s t  t o l b u t a m i d e ,  a l l i c in  a t  a d o s a g e  of  0.25 g / k g  is 
8 0 %  ac t i ve .  T h e  e f f e c t s  of  a l l i c in  a n d  t o l b u t a m i d e  o n  
f a s t i n g  b lood  s u g a r  a n d  G : N  r a t i o  of  a l l o x a n  d i a b e t i c  
r a b b i t s  a f t e r  a s h o r t - t e r m  t r e a t m e n t  a r e  s h o w n  in  T a b l e  
I I .  B o t h  t h e  d r u g s  p r o d u c e d  s i g n i f i c a n t  r e d u c t i o n s  in  t h e  
f a s t i n g  b l o o d  s u g a r  l eve l s  a n d  G : N  ra t io .  T h e  h y p o g l y -  
c e m i c  a c t i o n s  of  a l l i c in  a n d  t o l b u t a m i d e  a r e  h i g h l y  
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Table II. Effects of alliein and tolbutamide on fasting blood sugar and G:N ratio of alloxan diabetic rabbits on short term treatment  

Drugs administered 
(0.1 g/kg/day) 

Blood sugar (mE/100 ml) 

1st day 8th day 

Blood sugar fall and 
G : N ratio decrease (%) 

Tolbutamide 270.0 :i: 10.0 205.0 :t: 7.0 c 24.1 
Allicin 260.0 + 6.0 220.0 :i- 8.0 b 15.4 
Control 250.0 =k 7.0 240.0 i 6.0 4.0 

G:N ratio of the above animals on casein feeding 

Tolbutamide 3.3 ~: 0.2 2.2 + 0.15 b 33.3 
Allicin 3.2 :J= 0.1 2.7 i 0.i~ 15.6 
Control 3.0 • 0.2 2.9 :i_ 0.1 3.3 

Results are expressed as mean values of 6 rabbits • SE. 
Student 's  t-test; =p < 0.05; bp < 0.01; ~p < 0.001. These values are significantly lower than  the initial values. 
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signif icant  (p < 0.01, p < 0.001 respect ively) .  However ,  
alliein is only  64% as act ive in hypoglycemie  act ion and 
47~ as act ive in reducing the  G : N  ratio,  compared  wi th  
the  effects  of to lbu tamide .  Red ic t ion  in t he  G : N  rat io  is 
a measure  of the  i m p r o v e m e n t  in the  capac i ty  of the  dia- 
bet ic  animal  to utilize the  glucose der ived f rom protein .  

Discussion. The i m p r o v e m e n t  in the  d iabet ic  condi t ion  
of t he  animals  b rough t  abou t  by  to lbu tamide  and allicin 
m a y  be d e p e n d e n t  on the  insulin reserves  of the  animals,  
r epor ted  previously  1. The inabi l i ty  of these  drugs to 
p roduce  a grea te r  fall in the  blood sugar of d iabet ic  
animals  m a y  be due to several  unknown  factors  which  
contro l  the  hyperg lycemic  condi t ion  of al loxan diabetes.  
The act ion of oral  hypog lycemic  drugs  is m u c h  d e p e n d e n t  
on endogenous  and exogenous sources of insulin". The 
control  of hyperg lycemia  in al loxan diabetes  is possible 
by  oral drugs provided the  blood sugar  levels are near  
n o r m a n  o. Ketos is  and hyper l ipaemia  m a y  be o the r  
factors  which p r even t  the  lowering of blood sugar beyond  
a par t icu lar  range.  However  the  hypog lycemic  act ion of 
allicin a t  dosages of 0.05 g to 0.25 g/kg is s ignif icant  
(p < 0.05-0.005), whils t  t h a t  of t o lbu tamide  at  a s t anda rd  
dose oI 0.25 g/kg is even more marked  (p < 0.001). An 
i m p r o v e m e n t  is def ini te ly  observed in the  d iabet ic  
condi t ion  of the  animals  as ev iden t  f rom the  reduct ion  
in G : N  ratio on a shor t - t e rm t r e a t m e n t  wi th  the drugs. 
Studies  employing  higher  dosages on long- term t r e a t m e n t  
of diabet ic  animals  are war ran ted .  In  a previous s tudy  ~1 
the  effects of allicin a t  a dosage of 100 mg/kg /day  on 
long- term feeding to normal  ra t s  were examined.  There  
was a s ignif icant  reduct ion  in lipid cons t i tuen t s  of blood 
and liver on allicin t r ea tmen t .  In  th is  respect  allicin 
migh t  have an advan tage  over  t o lbu t amide  which has 
been shown to produce  hyper l ipaemia  under  cer tain 
conditions12, 12. Very  recent ly  also repor t s  suppor t ing  the  
beneficial  uses of garlic and onion in the  t r e a t m e n t  of 
d iabetes  were made  by some physic ians  ~4. All these  

f indings jus t i fy  fu r ther  s tudies  on the  the rapeu t i c  effects  
of these  vegetables  which are rich in allicin t y p e  com- 
pounds  ~-17. The blood f ibr inolyt ic  effect  of garlic has 
been a t t r i bu t ed  to its oil 1., and  a pre l iminary  s t u d y  12, 
conduc ted  by  the  au tho r  a t  the  Royal  Victor ia  In f i rmary  
of Newcas t le -upon-Tyne ,  revealed t h a t  allicin is one of 
the  su lphur  compounds  wi th  blood f ibr inolyt ic  action.  

Summary. On oral admin i s t r a t i on  to a l loxan diabet ic  
rabbi ts ,  allicin produces  an increase in its hypog!ycemic  
act ion wi th  re la t ion  to dose. A sho r t - t e rm t r e a t m e n t  wi th  
allicin, as well as wi th  to lbu tamide ,  s ignif icant ly  reduced  
the  blood sugar levels and glucose n i t rogen rat io of the  
above  animals .  
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Effects  of T r y p t o p h a n  and Other  A m i n o  Ac ids  on 
by the  I n s u l i n - S t i m u l a t e d  A d i p o s e  T i s s u e  

The i.v. infusion of amino acid mix tures  to h e a l t h y  
subjec ts  produces  an initial increase in blood glucose 
followed by  a decrease below control  levels 1,2. These 
effects  are expla ined  by  the  s t imula t ing  act ion of amino 
acids on glucagon 3,4 and insulin 1,2 secretion.  However ,  
the  possible con t r ibu t ion  to  the  glycemia changes  of a 
d i rect  act ion of amino acids on glucose ut i l izat ion by  
per iphera l  t issues has scarcely been inves t iga ted .  Such 
a di rect  act ion has  been suggested as a way  in which 
some amino acids migh t  p r even t  ep inephr ine  hyperg ly-  
cemia,  bo th  in normal  and in al loxan diabet ic  ratsS. The 
presen t  paper  deals wi th  the  effects of 7 amino acids on 
glucose ut i l izat ion by  the  ra t  adipose t issue in vitro.  

Materials and methods. Male "Wistar ra t s  (90-120 g), fed 
ad l ibi tum, were killed by  decapi ta t ion .  2 por t ions  of 
ep id idymal  fat  pad  (about 200 rag), one f rom each side, 
were removed,  weighed and placed into 2 W a r b u r g  
vessels con ta in ing  2 ml  of incuba t ion  medium.  F r o m  each 
animal,  one por t ion  was incuba ted  in med ium wi t h o u t  
amino acids (control) and the  o ther  one in the  same 
med ium conta in ing  the  appropr ia te  amino  acid (experi- 
mental) .  Total  gas exchange  of t he  t issue was de t e rmined  
as descr ibed by  BALL et al.6; t he  incuba t ion  med i u m in 
th is  case was Krebs -R inge r -b i ca rbona te  saline 7, p H  7.4, 
wi th  10 m M  glucose, and 5% CO2-95~ 0 2 as gas phase.  

Glucose  U p t a k e  and Carbon  Diox ide  Output  

When O 2 up take  was de te rmined ,  t he  saline solut ion was 
K r e b s - R i n g e r - p h o s p h a t e L  p H  7.4, wi th  100% 02 as gas 
phase.  Insul in  (Nordisk Insu l in labora tor ium,  Copenhagen)  
was added  to  t he  med i u m e i ther  before p u t t i n g  in to  i t  the  
t issue or af ter  a per iod of incuba t ion  at  37 ~ to give a 
final concen t ra t ion  of 102-105 ~xU/ml. Manomet r ic  readings  
were carried out  dur ing 60-120 rain a t  37 ~ Glucose and 
lac ta te  were de t e rmined  by  a glucose-oxidase and  a 
l ac ta t e -dehydrogenase  me thod ,  using analy t ica l  ki ts  f rom 
Boehringer ,  Mannheim.  Amino acids (L-isomers) were pur-  
chased f rom Sigma, London.  The S tuden t  pa i red  t - tes t  
was appl ied for compara t ions  be tween  contro l  and experi-  
men ta l  values. 
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