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T h e  i n t r o d u c t i o n  of a n  add i t i ona l  cen te r  of a s y m m e t r y  a t  
t he  13-posi t ion in  th i s  r ing  s y s t e m  does n o t  a p p e a r  to  
af fec t  t h e  s ign of r o t a t i o n  w h e n  t he  g roup  i n t r o d u c e d  is 
h y d r o x y l ;  b o t h  ( - - ) -oph iocarp ine  (8; R = H,  R '  = OH)  
and  ( - - ) -13-epiophiocarp ine  (8; R = OH,  R '  = H),  h a v i n g  
the  abso lu te  con f igu ra t i on  po r t r ayed ,  show nega t i ve  
r o t a t o r y  d ispers ion  curves  ~s in c o m m o n  w i t h  ( - - ) - canad ine  
(8; R =  R ' =  H), 

The  h igh ly  polar izab le  h y d r o x y l  g roup  a t  t he  13- 
pos i t ion  makes  on ly  a smal l  c o n t r i b u t i o n  to the  molecu la r  
r o t a t i o n  (M D = ca. 1120°) of the  t e t r a h y d r o p r o t o b e r b e r i n e  
r ing sys t em ( A M  D 1 3 e O H  = + 7°AMD f i l 3 O H  ... .  +. 113°). 
T h u s  th i s  a s y m m e t r i c  c e n t e r  in  t h e  1 3 - m e t h y l t e t r a h y d r o -  
p ro tobe rbe r ines  is l ikely to  m a k e  even  less of a c o n t r i b u -  
t ion  to t he  molecu la r  r o t a t i o n  ~% However ,  in  c o n t r a s t  to  
t he  13-methyl  series, b o t h  oph i oca r p i ne  a n d  13-epiophio-  
carp ine  exis t  in  the  t rans-quinol iz id ine  c o n f o r m a t i o n  and ,  
as such,  t he  ex tens ion  of molecu la r  r o t a t i o n a l  a n d  op t i ca l  
r o t a t o r y  d ispers ion  d a t a  should  be  va l id  for  co ryda l ine  
and  re la ted  a lkaloids  b u t  m a y  n o t  be  so for the  con fo rma-  
t iona l ly  d i s t inc t  mesocoryda l ine  series. T h e  n a t u r a l l y  
occurr ing  forms of corydal ine ,  co rybu lb ine ,  i soco rybu lb ine  

Base  I I  a n d  t h a l i c t r i c a v i n e  all  h a v e  pos i t i ve  r o t a t i o n s ;  
t he r e fo re  t h e  s t r u c t u r e s  p o r t r a y e d  for  t he se  a lka lo ids  
r e p r e s e n t  t h e i r  ab so lu t e  conf igura t ions .  

Zusammen fas sung .  Die s t e r eochemische  Z u o r d n u n g  des  
Alka lo ids  Coryda l in  ge lang  auf  G r u n d  yon  k o n f o r m a t i o n s -  
a n a l y t i s c h e n  u n d  s p e k t r o s k o p i s c h e n  D a t e n .  Grunds~ttz-  
l iche Ober l egungen ,  u n t e r  Be r i i cks i ch t igung  gewisser  
c h e m i s c h e r  Bez iehungen ,  e r l a u b e n  die s t e r eochemische  
Z u o r d n u n g  ffir Corybu lb in ,  I soco rybu lb in ,  Base  I I ,  
T h a l i c t r a c a v i n  u n d  Thal ic t rofo l in .  
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The Taste  of L- and D - A m i n o  Ac ids  

Free  amino  acids o f ten  occur  in  foods in r e l a t ive ly  h i g h  
amoun t s ,  largely as a resu l t  of t h e  mode  of p r e p a r a t i o n  
pr ior  to  consumpt ion .  Therefore ,  free a m i n o  acids are 
ce r ta in ly  of i m p o r t a n c e  for  t he  t a s t e  of d i e t a r y  p r epa ra -  
t ions.  

However ,  only  few and  o f t en  con t rove r s i a l  d a t a  are 
ava i lab le  on  t he  t a s t e  of a m i n o  acids.  Th i s  is p r o b a b l y  due  
to  t he  fac t  t h a t  t he  L- a n d  D-amino acids  are o f t en  dif-  
fe rent  in tas te ,  a n d  t h a t  t h i s  ha s  n o t  b e e n  cons idered  in  a 
su i t ab le  m a n n e r  in  m a n y  inves t iga t ions .  

However ,  t he  f i rs t  recorded  o b s e r v a t i o n  of d i f ferences  
in physiological  response  to t he  L- a n d  D-amino acids per-  
t a ined  to t he i r  effect  on  t a s t e l ;  nowadays ,  t h e  D-enant io-  
morphs  are genera l ly  cons idered  to be sweet  c o m p a r e d  to 
the  cor responding  L-enan t iomorphs  which  h a v e  usua l ly  
been  descr ibed as tas te less  or  b i t t e r 2 - L  However ,  no  pre-  
cise d a t a  are ava i l ab le  in  t h i s  respect .  A we l l -known  ex-  
cept ion  is g lu t amic  ac id ;  i t s  special  f l avour  effect  h a s  
been  inves t i ga t ed  in  de ta i l  ~& 

I t  was  therefore  our  a i m  to  d e t e r m i n e  the  t a s t e  of free 
L- and  n - a m i n o  acids in compar i son  w i t h  s t a n d a r d  sub-  
s tances  of a k n o w n  t a s t e ;  t he  inves t iga t ions  were con-  
duc ted  on the  basis  of s t a t i s t i ca l  t a s t i n g  tes ts .  

E igh t een  amino  acids, l i s ted in Table  I, were tes ted .  
The  L- and  D-enan t iomorphs  were o b t a i n e d  f rom M a n n  
Research  Labo ra to ry ,  New Y o r k  (USA), in  pu re  form,  
ch roma tog raph i ca l l y  t e s t ed  and  w i th  t h e i r  specific ro ta -  
t ion  ind ica ted  and  cont ro l led  in  ou r  l abora to ry .  F o r  argi-  
nine,  prol ine  and  cysteine,  t h e  D - e n a n t i o m o r p h s  were un -  
ava i lab le  in  pure  form, so t he  racemic  m i x t u r e s  were used 
ins tead ,  u -h i s t id ine  was p r e p a r e d  f rom D-his t idine HC1 
b y  electrodialysis  ~° pr ior  to  tes t ing .  

For  the  tests ,  a t a s t e  p a n e l  was  dev ised  compr i s ing  
8-12 persons  h a v i n g  ave rage  t a s t e  sensi t ivi t ies .  Pe r sons  
w i th  dev ia t ing  sensi t ivi t ies ,  a b o u t  one- f i f th  of all  t h e  
ind iv idua ls  tes ted,  were no t  accepted.  

In  an  in i t ia l  series of t a s t i n g  tests ,  all t he  amino  acids 
were t a s t e d  in 0.3% aqueous  solut ions,  ad ju s t ed  to  p H  6.0 

b y  N a O H  or HC1, w i t h  a smal le r  t e s t  group,  in  o rder  to  
o b t a i n  genera l  cha rac t e r i s t i c s  of t he  d i f fe ren t  tas tes .  The  
c o n c e n t r a t i o n  of 0 .3% was chosen  for  al l  t e s t s  as a 
real is t ic  concen t r a t i on ,  p e r m i t t i n g  a n  e v a l u a t i o n  of all  
a m i n o  acids  a t  t he  same level.  

The  t a s t e  cha rac t e r i s t i c s  are  descr ibed  in Tab le  I. T h r e e  
g roups  of  a m i n o  acids were  formed.  G r o u p  1 cons is t s  of 8 
a m i n o  acids  whose  L- a n d  D - e n a n t i o m o r p h s  h a v e  no  t a s t e  
a t  all  or  on ly  a ba re ly  pe rcep t ib l e  t as te .  T h i s  g roup  was  
exc luded  f rom f u r t h e r  t e s t s  due  t o  i t s  t a s t e  n e u t r a l i t y .  
G r o u p  2 cons is t s  of t h r ee  a m i n o  ac ids  whose  L- or  D- 
e n a n t i o m o r p h s  h a v e  such  a c o m p l e x  t a s t e  t h a t  t h e y  can-  
n o t  be  e v a l u a t e d  in re la t ive  t a s t i n g  tes ts .  Therefore ,  these  
c o m p o u n d s  were also exc luded  f rom f u r t h e r  tests .  T h i s  
g roup  con t a in s  t i le  u n i q u e  g l u t a m i c  acid a n d  the  su lphur -  
c o n t a i n i n g  a m i n o  acids.  The  l a t t e r  p r e s u m a b l y  a lways  
f o r m  d e c o m p o s i t i o n  p roduc t s ,  wh ich  are  respons ib le  for  
t h e i r  s u l p h u r o u s - m e a t y  t a s t e  b u t  are n o t  r e l a t ed  to  t h e  
o r ig ina l  a m i n o  acid s t ruc tu re .  

F ina l ly ,  g roup  3 compr i ses  s even  a m i n o  ac ids  w i t h  dis- 
t i n c t i v e  tas tes ,  e i t h e r  b i t t e r  or  sweet ,  a n d  t h e i r  t a s t e  was  
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c o m p a r e d  in s ta t i s t ica l  t a s t i ng  tes ts  wi th  o t h e r  b i t t e r  and 
swee t  t a s t ing  subs tances .  

The  h i t t e r  t a s t i ng  compounds ,  n a m e l y  L-teucine, L- 
phenyla lan ine ,  L - t r~p tophan  and  L-tyrosine were com- 
pa red  wi th  four  caffeine solu t ions  of va ry ing  concen t ra -  
t ions  and  the  sweet  t a s t ing  compounds ,  name ly  L-alanine, 
D-histidine, D-leucine, D-phenylalanine ,  D- t ryp tophan ,  D- 
ty ros ine  and glycine were  compa red  wi th  four  sucrose 
solut ions of va ry ing  concen t ra t ions ,  according  to  t he  
m e t h o d  a l r eady  used b y  SINSHEIMER n. The i m p o r t a n t  
fea ture  is t he  choice of the  concen t r a t i on  levels of t he  
four  s t a n d a r d  solutions.  T h e y  were chosen separa te ly  for 
each  amino  acid to be t a s t ed  so as to  m e e t  the  following 
r equ i r emen t s  : (1) The concen t ra t ions  of the  four  s t a n d a r d  

Table I. Taste of amino acids in 0.3 % aqueous solutions (pH adjusted 
to 6.0) 

Name L-enantiomorphs D-enatltiomorphs 

Group 1: Amino acids without taste 

Arginine flat sl. sweet (D, I.) 
Aspartie acid flat flat 
Isoleucine flat flat 
Lysine flat flat 
Proline flat, sL sweet flat (D, L) 
Serine flat flat 
Threonine flat flat 
Valine flat fiat 

Group 2: Amino acids with varying tastes 

Cysteine sulphurous sulphurous (n, L) 
Ghttamie acid unique, 'glutamate' flat 
Methionine sulphurous, meaty sulphurous, 

sl. sweet meaty, st. sweet 

Group 3 : Amino acids with bittcr or sweet tastes 

Alanine sweet flat 
Histidine flat sweet 
Leucine bitter sweet 
Phenylalaninc bitter sweet 
Tryptophan bitter sweet 
Tyrosine bitter sweet 
Glycine sweet 

The amino acids marked (D, L) were not available in pure D-isomer 
form, therefore the racemates were used in the tests. 

solut ions  m u s t  form a geomet r i c  series. (2) As far  as the  
c o mp a r e d  charac te r i s t i c  is concerned ,  two  of tile s t a n d a r d  
solut ions  m u s t  be more  in tense  and  the  o the r  two  m u s t  
b~ less in tense  t h a n  the  amino  acid to  be tes ted .  (3) The  
concen t r a t ions  of t he  four  s t a n d a r d s  m u s t  be suff ic ient ly  
d i f fe ren t  f rom one a n o t h e r  to  induce  d i f f e ren t  responses .  
(4) However ,  t he  four  concen t r a t i ons  m u s t  no t  be too  
widely  d i f fe ren t  f rom one ano the r  in o rde r  to  avoid  only  
0% and  100% responses .  In  each case, t he se  s t a n d a r d  
concen t r a t ions  were p repa red  in p re l imina ry  t e s t s  by  an  
exper t .  

E a c h  t a s t e r  was t h e n  p resen ted  wi th  4 pairs  of samples .  
E a c h  pa i r  cons is ted  of a s t a n d a r d  and the  ' u n k n o w n '  
amino  acid in 0.3% concen t ra t ion .  In  all samples  t h e  p H  
was a d j u s t e d  to p H  6.0 by  N a O H  or HC1. The pai rs  of 
samples  were  p resen ted  in r a n d o m  order.  The t a s t e r  was 
r eques ted  to select  the  sample  of h igher  tas te  in t ens i ty  or  
to  s t a t e  equal  in tens i ty .  

The  calcula t ion of the  m a t c h i n g  concen t ra t ion  and the  
conf idence  l imits  was  t h e n  carr ied ou t  according to  the  
m e t h o d  devised  by  LITCHFIELD and  \VILCOXON ~. 

The resul ts  are p r e sen t ed  in Table  I[ .  In addi t ion ,  the  
swee tness  of m - t r y p t o p h a n  was  c o mp a r e d  wi th  Ca- 
cyc l ama te  w i t h  the  same s ta t i s t ica l  layout .  A 0.15% 
solut ion of D - t r y p t o p h a n  was  of ident ical  sweetness  as a 
0.26% solut ion of Ca-cyc lamate  w i th  a 95% conf idence  
l imit  of 0 .29-0.22%. 

The resul ts  differ  in m a n y  aspec ts  f rom the  d a t a  re- 
po r t ed  in the  l i tera ture .  There  are a l toge the r  e ight  amino  
acids which  are prac t ica l ly  devoid  of tas te .  A group  of 
th ree  amino  acids has  vary ing  t a s te  character is t ics .  W i t h  
the  excep t ion  of g lu tamic  acid, t he  tas te  of the  amino  
acids of th is  g roup  is p r o b a b l y  der ived  f rom S-conta in ing  
decompos i t ion  products .  Seven amino  acids have  e i ther  a 
b i t t e r  t as te  (L-enant iomorphs)  or a sweet  t a s t e  (D- 
enan t iomorphs ) .  L-alanine is t he  only  L-enan t iomorph  
wi th  a swee t  tas te .  The t a s te  in tens i ty ,  especia l ly  t h a t  of  
a romat ic  amino  acids, is no t ewor thy .  L - t r y p t o p h a n  is 
a p p r o x i m a t e l y  hal f  as b i t t e r  as caffe ine;  D - t r y p t o p h a n  is 
35 t imes  swee te r  t h a n  sucrose,  and 1.7 t imes  swee te r  t h a n  
Ca-cyclamate .  L-phenyla lan ine  is a p p r o x i m a t e l y  one-  
four th  as b i t t e r  as caffeine,  the  D-enan t iomorph  is a b o u t  7 
t imes  swee te r  t h a n  sucrose.  L-tyrosine is a b o u t  1/20th as 

12 j .  E. SINSUE~,~IER, Food Research 2.1, 445 (1959). 
13 j .  T. L1TCHFIELD and F. WILCOXON, J. Pharmacol. exp. Thcrap. 

96, 99 (1949). 

Table II. Taste of several amino acids in aqueous solutions as compared with test substances of known taste characteristics 

Amino acid Concen- L-form D-form 
tration 
in % Taste 'Equivalent 95% confidence Taste 'Equivalent 95% confidence 

concentration' limit in % concentration' limit in % 
in % in % 

Tryptophan 0.3 bitter 0.!70 caffeine 0,218-0.133 sweet 10.50 sucrose 11.60-9.40 
Histidine 0.3 flat - sweet 2.23 sucrose 2.70-1.85 
Phenylalanine 0.3 bitter 0.069 caffeine 0.086-0.056 sweet 2.20 sucrose 2.47-1.95 
Tyrosine" 0.3 bitter 0.017 caffeine 0,026-0.011 sweet 1.65 sucrose 1.86-1.46 
Leucine 0.3 bitter 0.011 caffeine 0.017-0.007 sweet 1.30 sucrose 1.44-1.17 
Alanine 0.3 sweet 0.540 sucrose 0.740-0.400 flat - - 
Glycine b 0.3 sweet 0.450 sucrose 0.640-0.320 

Due to the low solubility of tyrosine, the tasting tests were conducted at elevated temperatures, b Results listed under L-form, although 
optical isomers do not exist. 
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b i t t e r  as  caffeine, b u t  D-tyrosine is sti l l  5.5 t imes  swee te r  
t h a n  sucrose. W e  m a y  conc lude  t h a t  severa l  a m i n o  acids,  
inc lud ing  the  a r o m a t i c  ones,  are  c o m p o u n d s  o5 h i g h  t a s t e  
in tens i ty .  T h e y  are  no d o u b t  of i m p o r t a n c e  for t h e  t a s t e  
of m a n y  die te t ic  p repa ra t ions ,  a fact  wh ich  has  no t  been  
considered in the  pa s t  13. 

Zusammen/assung. Der  G e s c h m a c k  der  L- und  D-enan- 
t i o m o r p h e n  F o r m e n  ve r sch iedene r  Aminos&uren wurde  
in ve rg le i chenden  s t a t i s t i s chen  D e g u s t a t i o n s v e r s u c h e n  er- 
mi t t e l t .  Dabe i  d i e n t e n  Caffein u n d  Zucker  als  S t a n d a r d -  
s u b s t a n z e n  ftir d e n  b i t t e r en ,  bzw. st issen Geschmack .  
Arginin,  AsparaginsXure,  Isoleucin,  Lysin,  Prol in ,  Serin,  
T h r e o n i n  und  Va l in  s ind we i tgehend  geschmacklos ,  w&h- 
rend  Cystein,  Gtu taminsAure  u n d  M e t h i o n i n  komplexe  
G e s c h m a c k s n o t e n  besi tzen.  Alanin ,  His t id in ,  Leucin ,  

P h e n y l a l a n i n ,  T r y p t o p h a n ,  T y r o s i n  u n d  Glyc in  bes i t zen  
e inen  a u s g e p r ~ g t e n  E igcngeschmack ,  wobe i  v o r  a l lem die 
L- I someren  s c h w a c h  bis  s t a r k  b i t t e r  u n d  die D- l someren  
s c h w a c h  bis  s t a r k  siiss s ind.  

J. SOLM$, L. VUATAZ, 
a n d  R. H. EGLI 

Research Laboratory/or Nestld Products, Vevey 
(Switzerland), August 31, 1965. 
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T h e  R o l e  o f  t h e  L y m p h  C i r c u l a t i o n  i n  F r e e  F a t t y  

Acid T r a n s p o r t  

P l a s m a  F F A  are k n o w n  to be  b o u n d  to the  s e rum 
a l b u m i n  in blood x. The  p a r t  p l ayed  b y  the  l y m p h  circu-  
la t ion  in the  in te r s t i t i a l  t r a n s p o r t  of p r o t e i n - b o u n d  F F A  
has  no t  ye t  been  s tud ied ,  excep t  for  f a t t y  acid a b s o r p t i o n  
f rom the  in te s t ina l  t r a c t  2. 

I n  t he  p resen t  expe r imen t s ,  t he  F F A  c o n c e n t r a t i o n s  in  
l y m p h  collected f rom f ive b o d y  a reas  were m e a s u r e d  to  
s t u d y  changes  p roduced  b y  increases  in  p l a s m a  F F A  con-  
cent ra t ions ,  

Methods. Dogs of e i t he r  sex a n d  12 to 24 kg  b o d y  
weight  were used a f t e r  16 h of fast ing.  Chloralose  anaes-  
thes ia  was employed.  L y m p h  was col lected a b y  cannu la -  
t ion  f rom one of the  l y m p h a t i c s  of t he  liver,  f rom t he  
l y m p h  t r u n k  of the  leg, f rom t he  i n t e s t i n a l  a n d  cerv ica l  
l y m p h  t runks ,  a n d  f rom t he  thorac ic  d u c t  d u r i n g  I or  2 
per iods of 20 to  30 ra in  before  a n d  d u r i n g  i n t r a v e n o u s  
infus ion of 2.5 izg/kg/min of no rad rena t ine% Blood  s am-  
ples were w i t h d r a w n  f rom the  femora l  a r t e r y  a n d  t he  
por t a l  vein. Samples  of b o t h  b lood  a n d  l y m p h  were col- 
lected on powdered  hepar in .  Long-cha in  F F A  were  de te r -  
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artery; Port. vein. = portal vein; Tr. eerv. = truneus eervicalis; 

D. thor. = duetus thoracieus. 

m ined  b y  t he  m e t h o d  of DOLE a n d  MEINERTZ ~, a n d  t o t a l  
es ter i f ied f a t t y  acids b y  t h a t  of CONNERTY et  a l .S  U n d e r -  
ly ing  t h e  ca lcu la t ions  were the  m e a n  va lues  o b t a i n e d  for 
t he  l y m p h  col lec t ion per iods  before  a n d  d u r i n g  n o r a d r e n a -  
l ine infusion.  S t a t i s t i ca l  ana lyses  were p e r f o r m e d  w i t h  
S t u d e n t ' s  t - test .  

Results and comments. Before  n o r a d r e n a l i n e ,  the  g roup-  
ave rage  F F A  c o n c e n t r a t i o n  was h i g h e r  in  t h e  l y m p h  f rom 
t h e  i n t e s t i ne  (p < 0.05) and  t h e  t ho rac i c  d u c t  (p < 0.05) 
t h a n  f rom t h e  p lasma,  and  lower  in  t he  l y m p h  f rom t h e  
l iver,  t h e  leg, a n d  t h e  neck  (p < 0.05) (Figure) .  T h e  ex- 
p l a n a t i o n  of t h e  di f ference in  t he  f i rs t  case is t h a t  t he  
F F A  is a b s o r b e d  f rom the  in t e s t ine  b y  m e a n s  of the  in- 
t e s t i na l  l ymph ,  a n d  o5 t h a t  in  t he  second case, t h a t  the  
l y m p h  f rom the  respec t ive  b o d y  areas  is r ea l ly  p l a s m a  
f i l t ra te .  N o r a d r e n a l i n e  p r o d u c e d  a s ign i f i can t  rise in  t he  
F F A  c o n c e n t r a t i o n  of t he  p l a s m a  (p < 0.001) a n d  the  
l y m p h  f rom the  l iver  (p < 0.01) a n d  t h e  neck  (p < 0.05) 
in  r e l a t i o n  to t h e  s t a r t i n g  values .  I t  dec reased  t h e  t o t a l  
es ter i f ied  f a t t y  acid c o n c e n t r a t i o n  in t h e  h e p a t i c  l y m p h  
f rom 362 4- 50 m g %  to 301.4 ~ 40.5 r ag% (p < 0.05), 
a n d  in t he  l y m p h  f rom the  t ho rac i c  d u c t  f rom 340.2 ± 30 
m g %  to  228.7 J~ 19 rag% (p < o.o5). 

Zusammen/assung. Es  wurde  in  de r  Leber -  u n d  Hals-  
l y m p h e  des H u n d e s  eine n iedr igere  K o n z e n t r a t i o n  der  
f re ien  Fe t t sXuren  ge funden  als im B l u t p l a s m a .  Sic wi rd  
d u r c h  N o r a d r e n a l i n i n f u s i o n  s ign i f i kan t  e rh6h t ,  

~{. PAPp a n d  G. B. MAKARA 
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