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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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Effects of several amino acids on CO s output and on glucose uptake by adipose tissue 

EXPERIENTIA 31/11 

Amino acid Concen- No. of CO s output 
tration animals bd/100 mg/h 
(mM) 

Glucose uptake 
btmoles/100 ing/h) 

Control Experimental Control Experimental 

Leucine 10 4 58.3 4- 5.8 59.8 4- 3.9 1.69 -6 0.08 1.64 • 0.09 
Proline 10 4 63.2 4- 10.8 60.8 -6 10.6 1.62 -- 0.11 1.60 -1- 0.14 
Histidine 10 6 48.8 4- 5.9 43.4 4- 5.9 b 1.41 4- 0.19 1.17 4- 0.13 
Arginine 10 6 65.6 4- 6.8 56.4 4- 5.4 b 1.84 4-4- 0.15 1.72 4- 0.14 
Alanine 10 10 59.0 4- 3.4 48.9 4- 4.1 ~ 1.81 4- 0.18 1.54 4- 0.15 �9 
Phenylalanine 10 6 62.0 J_ 7.0 47.8 4- 4.2 b 1.78 :L 0.09 1.53 4- 0.07 * 
Tryptophan 0.5 4 52.94- 5.7 48.0 4- 4.0 1.61 4- 0.17 1.55 -6 0.13 
Tryptophan 1 4 51.9 -6 6.7 49.7 + 6.8 1.50 -1- 0.11 1.51 4- 0.12 
Tryptophan 4 4 57.9 4- 3.4 44.3 4- 2.6 �9 1.65 4- 0.10 1.30 4- 0.10 ~ 
Tryptophan 10 14 50.4 -- 4.7 18.4 4- 1.9 ~ 1.51 -- 0.12 0.87 4- 0.08 ~ 
Tryptophan 10 8 8.5 4- 1.4 4.0 4- 0.9 �9 0.37 4- 0.08 0.40 4- 0.04 

The incubation mediunl contained exogenous insulin at a concentration of 105 [zU/ml, except in those experiments with tryptophan in the last 
row in which no exogenous insulin was added. Values are means ! SE. "P < 0.05; bp < 0.01; cp < 0.001. 

Results. Th e  t ime  course  of COs o u t p u t  by  adipose  
t i s sue  in a typ ica l  e x p e r i m e n t  is s h o w n  in t he  Figure .  
Th e  Tab le  s u m m a r i z e s  t he  effects  of 7 a m i n o  acids  on 
CO~ o u t p u t  an d  glucose up t ake .  W i t h  exogenous  insu l in  
in t h e  m e d i u m ,  CO 2 o u t p u t  was  s ign i f i can t ly  reduced  in 
p resence  of 10 m M  of e i ther  h is t id ine ,  arginine ,  a lanine ,  
p h e n y l a l a n i n e  or t r y p t o p h a n ,  t he  inh ib i t ion  b y  t r y p t o -  
p h a n  (64~o) be ing  n o t a b l y  g rea t e r  t h a n  t h a t  exe r t ed  b y  
t h e  o the r  a m i n o  acids  (10-20~o). In  each  case the re  was  a 
paral le l  d i m i n u t i o n  of glucose u p t a k e  by  t he  t issue.  A 
s ign i f i can t  inh ib i t ion  of b o t h  CO s o u t p u t  and  glucose 
u p t a k e  was  also f o u n d  w i th  4 m M  t r y p t o p h a n ,  b u t  lower 
c o n c e n t r a t i o n s  of t h i s  a m i n o  acid did n o t  p roduce  inhibi -  
t ion.  In  absence  of e x o g e n o u s  insul in ,  10 m M  t r y p t o p h a n  
also inh ib i t ed  t h e  CO 2 o u t p u t  by  t he  t issue,  w i t h o u t  a 
s ign i f i can t  effect  on glucose u p t a k e .  

O x y g e n  u p t a k e  b y  ad ipose  t i s sue  i n c u b a t e d  w i t h  
e x o g e n o u s  insu l in  was  no t  modi f ied  b y  t he  presence  of 
a m i n o  acids  in t h e  m e d i u m .  In  e x p e r i m e n t s  w i t h  10 m M  
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Time course of CO s output by adipose tissue in a typical experiment. 
2 portions of epididymal fat pad from the same animal were incubated 
either without added amino acids (Q) or with 10 mM tryptophan (O). 
At the time indicated by the arrow, 0.1 ml of insulin solution was 
added from the side arms of the 2 vessels, to yield a concentration in 
the medium of 103 ~xU/ml. 

t r y p t o p h a n ,  wh ich  p roduced  t he  m a x i m a l  inh ib i t ion  on 
b o t h  CO2 o u t p u t  a n d  glucose up t a ke ,  t he  va lues  of 02 
u p t a k e  were (mean  ~= SE, n = 6) 23.8 • 2.4 ~zl/100 m g / h  
for controls ,  and  21.7 ~ 1.6 ~xl/100 m g / h  in presence  of t he  
a m i n o  acid. L a c t a t e  p r o d u c t i o n  by  the  t i s sue  was  de te r -  
m i n e d  in t h e  14 e x p e r i m e n t s  w i t h  10 m M  t r y p t o p h a n  a n d  
e xoge nous  insu l in  referred to in t he  Table .  The  m e a n  
va lue s  ( + S E )  were 0.26 -4- 0.04 txmoles/100 m g / h  for 
controls ,  a nd  0.10 ~= 0.01 ~moles /100 m g / h  in presence  
of a m i n o  acid (p < 0.001). F r o m  these  d a t a  it  can  be 
ca lcu la ted  t h a t  on ly  a b o u t  10% of t he  difference in CO s 
o u t p u t  be tw e e n  cont ro l  a n d  e x p e r i m e n t a l  vessels  could  be 
a c c o u n t e d  for by  t he  difference in l ac ta t e  p roduc t ion  and  
buf fe r ing  in t h e  b i c a r b o n a t e  m e d i u m .  

Discussion. Our  resu l t s  s u g g e s t  t h a t  some  a m i n o  acids  
decrease  t he  i n s u l i n - s t i m u l a t e d  glucose m e t a b o l i s m  in 
ad ipose  t i ssue .  However ,  t hese  i n h i b i t o r y  effects  are so 
smal l ,  excep t  in t he  case of t r y p t o p h a n ,  and  requi re  
suc h  a h igh  c o n c e n t r a t i o n  of a m i n o  acids,  t h a t  i t  is 
i m p r o b a b l e  t h a t  t h e y  shou ld  r e su l t  in a s ign i f i can t  c h a n g e  
of g lyc e mia  in vivo. 

I n  t he  case of t r y p t o p h a n ,  our  r e su l t s  agree wi th  pre-  
v ious  obse rva t ions .  Th i s  a m i n o  acid inh ib i t s  t he  insu l in  
s t i m u l a t i o n  of prol ine  a n d  3 -O-methy lg lucose  t r a n s p o r t  
in t h e  isola ted r a t  d i a p h r a g m  s , a nd  i t  also inh ib i t s  t he  
i n su l in  s t i m u l a t i o n  of p ro t e in  s y n t h e s i s  in t he  s a m e  
p r e p a r a t i o n  s. T r y p t o p h a n  fo rms  a c o m p l e x  w i th  insu l in  
in so lu t ion  10, a n d  in th i s  w a y  it  m i g h t  h i n d e r  the  h o r m o n -  
r ecep to r  in te rac t ions .  However ,  t h i s  e x p l a n a t i o n  can  n o t  
be appl ied  to t he  i nh ib i to ry  m e c h a n i s m  of insu l in  effects  in 
adipose  t i s sue  exe r t ed  b y  t he  o the r  a m i n o  acids. 

Summary. T r y p t o p h a n  (4-10 m M )  reduces  the  s t i m u l a t -  
ing effect  of insu l in  on glucose up t a ke ,  CO2 o u t p u t  a n d  
l ac t a t e  p roduc t ion  by  ad ipose  t issue.  S imi lar  b u t  lesser 
effects  were also ob t a ine d  w i t h  h igh  c o n c e n t r a t i o n s  of 
o the r  a m i n o  acids.  
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