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Side -Swimming ,  Vision and Sense of Touch in Platanista indi (Cetacea, Platanistidae)1 

D u r i n g  m y  second exped i t ion  to  t he  I n d i a n  subcon t i -  
n e n t  in t he  w in te r  of 1969-1970, two  l ive r iver  do lph ins  
be long ing  to  t he  species Platanis ta  ind i  were c a p t u r e d  in 
the  lower  I n d u s  a n d  t r a n s p o r t e d  to Berne .  Due  to t he  care 
and  p recau t ions  t a k e n  d u r i n g  t he  long journey ,  t h e  ani-  
ma l s  a d a p t e d  t h e m s e l v e s  r ap id ly  to  t h e i r  new su r round-  
ings and  s p o n t a n e o u s l y  chased  t he  l ive f ish fed to  t h e m .  
Th i s  was  t h e  f i rs t  successful  a t t e m p t  a t  keep ing  Platanis ta  
in  c a p t i v i t y  for a p ro longed  period,  a n d  i t  gave  us t h e  
o p p o r t u n i t y  to  s t u d y  t h e  b e h a v i o u r  of th i s  e x t r e m e l y  in- 
t e r e s t ing  ce t acean  species in  t h e  l abora to ry .  Two o the r  
exped i t ions  were u n d e r t a k e n  to  t he  same  region (Lloyd 
a n d  G u d d u  Barrages)  in  1971 a n d  1973, a n d  the  do lph ina -  
r i u m  of our  I n s t i t u t e  now has  4 an ima l s  (2 y o u n g  ~9, 1 
s u b a d u l t  ~ a n d  1 ~), k e p t  in  2 s epa ra t e  t anks .  These  are 
t h e  on ly  l ive cap t ive  Plalctnista ill t h e  wor ld  (PILLERI 8-5). 

As is known,  t he  r ivers  of t he  I n d i a n  s u b c o n t i n e n t  are 
so m u r k y  t h a t  v i sua l  obse rva t ions  are res t r i c ted  to  r ap id  
gl impses  of p a r t  of t i le a n i m a l ' s  head  a n d  b a c k  w h e n  i t  is 
b lowing.  The  clear  w a t e r  of t h e  t a n k  p e r m i t t e d  us to  con-  
f i rm t h e  v e r y  f i rs t  day  t h a t  t h e  I n d u s  do lph in  is a side- 
s w i m m e r  (Figure  1). I t  swims on  e i the r  i t s  r i gh t  or i ts  lef t  
side, a long  a cu rved  or s t r a i g h t  course, clockwise or an t i -  
clockwise (PILLeRI~). I t  iS on ly  w h e n  b lowing  t h a t  t h e  
d o l p h i n  t u r n s  ove r  a n d  i ts  b lowhole  is d i rec ted  u p w a r d s  
t owards  t he  surface of t he  w a t e r  (Figure 2). Th i s  s w i m m i n g  
behaviour that appeared mysterious at first was found 
during the course of our observations to be a significant 
ecological adaptation ascribable to the modification of the 
sense organs peculiar to this cetacean species. 

Sense o I vision. I n  t h e  4 r ep r e s en t a t i v e s  of t h e  F a m i l y  
P l a t an i s t i dae ,  Pontoporia  blainvillei, f n ia  geoNvensis, Pla-  
tanista gangetica an d  Pla tan is ta  indi ,  a progress ive  reduc-  
t i on  of t h e  v i sua l  o rgan  has  been  obse rved  and  is e x t r e m e l y  
a d v a n c e d  in t h e  two Platanis ta  species. W h e r e a s  I n i a  a n d  
Platanis ta  i n h a b i t  t rop ica l  r ivers ,  far  f rom t i da l  l imits ,  
Pontoporia  occurs off t h e  A t l a n t i c  coas t  of U r u g u a y  and  
A r g e n t i n a  an d  in t h e  Mar  de P l a t a  an d  m a y ,  therefore ,  be  
cons idered  a p r e d o m i n a n t l y  m a r i n e  species. The  Chinese 
species, Lipotes vexilli/er, which  is endemic  to  t h e  T u n g  
T ing  Lake,  has  no t  ye t  been  inves t iga ted .  The  v i sua l  o rgans  
of t h e  a b o v e - m e n t i o n e d  species are shown  in F igures  3-5. 
I n  Pontoporia,  t h e  eye is r e l a t ive ly  large a n d  has  a well  
deve loped  lens (Figure  3), t h e  a c c o m m o d a t i o n  a p p a r a t u s  
is also well  developed,  t h e  r e t i n a  con ta ins  a large  n u m b e r  
of cells an d  t h e  opt ic  ne rve  is r e l a t ive ly  th ick .  E y e  move-  
m e n t s  are ensured  b y  2 eye muscle  ne rves ;  t h e  t r o c h l e a r  
ne rve  is missing.  I n i a  has  a smal ler  lens a n d  a st i l l  i n t a c t  
a c c o m o d a t i o n  a p p a r a t u s  w i t h  a t h i c k  ci l iary muscle  
(Figure 4), t h e  sclera is th icker ,  t h e  r e t i n a  has  fewer cells 

1 The work was sponsored by the Swiss Nationai Fund for the 
Promotion of Scientific Research. 
G. PILLERI, Rev. Suisse Zool. 77, 353 (1970). 

a G. PILLERI, in Investigations on Cetacea (Ed. G. PILLERI ; Hirnanat. 
Inst., Waldau, Bern 1970), vol. 2, p. 27-60. 

4 G. PILLI~RI, in Investigations on Cetacea (Ed. G. PILLERI; Hirnanat. 
Inst., Waldau, Bern 1972), vol. 4, p. 44 70. 
P. E. PURVES and G. PILLERI, in Investigations on Cetacea (Ed. G. 
PILLERI ; Hirnanat. Inst., Waldau, Bern 1973), vol. 5, p. 13-58. 

Fig. 1. Platanista indi swimming on its side. The lower photograph 
was taken through the porthole of the tank. Photograph G. PILLERI. 

Fig. 2. Platanista indi blowing. The upper photograph was taken 
through the porthole of the tank. In the lower photograph the animal 
is surfacing. Photographs G. PILLERI. 
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Schemtic representation of the sensoric functions of Platanista. The animal swimming on its side in the Indus; c, sound filed; cl, sound 
relfeetions on the surface of the water (a); %, sound losses in the muddy river bed; d, 'field of vision'; e, position of the external auditory 
meatus; f, pectoral fin groping along the river bed (b). 
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Fig. 3. Semischematic representation of the eye of Pontoporia 
blc~invillr (La Plata dolphin). Horizontal section: C, cornea; Cao, 
camera oculi anterior; Co, ciliary body; Ch, ehoroid; Cv, vitreous 
body; I, vis; L, lens; O, optic nerve; R, retina; S, sclera. 

Fig. 4. Semischematic representation of the eye of lni~z geo//remis 
(Amazon dolphin). Horizontal section : Cp, conjunctiva palpebrarum; 
Cb, conjunctiva bulbi; E, shin epithelium; G, glands. For other let- 
ters, see Figure 3. 
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a n d  t he  opt ic  ne rve  is r e la t ive ly  t h i n n e r  t h a n  in Ponto- 
poria. The  t roch l ea r  a n d  abducens  ne rves  are l ack ing  
(PILLERI a n d  GIHR~; Tab le  ). 

Plata~zista exh ib i t s  t he  m o s t  a d v a n c e d  degree of micro-  
p h t h a l m i a  (Figure  5). I t  h a s  no lens, t he  an t e r i o r  c h a m b e r  
is b r o a d e r  t h a n  in t h e  o the r  species, t he  c i l iary  b o d y  is 
a t roph ic  b u t  t he  iris is well  deve loped  and  has  a d i l a to r  
and  s p h i n c t e r  muscle.  The  r e t i n a  is t h i c k  b u t  i ts  cell con- 
t e n t  is lower t h a n  t h a t  of In ia  and  t h e  opt ic  ne rve  is a 
mere  f i l ament .  The  eye muscle  nerves  are  lack ing  en t i r e ly  
(PILLERI4). The  b u l b  is f u r t h e r  f rom the  surface,  an d  t h e  
eyelid open ing  is on ly  a few mi l l imete rs  in  d iamete r .  

Func t iona l ly ,  t h e  m i c r o p h t h a l m i c ,  lensless eye of Plata- 
,zista m a y  be  c o m p a r e d  to t he  copula  eye (pinhole  camera)  
of m a n y  i nve r t eb r a t e s .  W i t h  such  a n  eye i t  is v i r t u a l l y  
imposs ib le  to  r ep roduce  an  image ;  a t  t he  most ,  t he  direc-  
t i on  of t h e  l i gh t  can  be  d e t e r m i n e d  and  a d i s t i nc t ion  m a d e  
b e t w e e n  l igh t  a n d  dark.  Th i s  has  been  conf i rmed  b y  ex- 
p e r i m e n t s  car r ied  ou t  in our  l abo ra to ry .  

Sense o~ louch. The  loss of such  a n  i m p o r t a n t  sense is 
c o m p e n s a t e d  b y  t he  a c t i v a t i o n  of two o the r  func t ions ,  t i le  
sense of t o u c h  a n d  hear ing .  W h e n  obse rved  t h r o u g h  t h e  

po r tho le  of t h e  t ank ,  Plata~ista is genera l ly  seen s w i m m -  
ing on  i ts  side keep ing  t h e  r i g h t  or lef t  pec to ra l  f in  in  
c o n s t a n t  c o n t a c t  w i t h  t h e  f loor  of t h e  t a n k  (Figure  1). 
I f  t h e  l a t t e r  is covered  w i t h  a l ayer  of algae, t h e  f ins  
leave t races ,  a n d  a f t e r  some t i m e  t h e  f loor of t h e  t a n k  
resembles  a s k a t i n g  r ink.  J u s t  as a b l i nd  pe r son  feels 
h is  w ay  w i t h  his  hands ,  Plata~ista seeks t h e  b o t t o r n  w i t h  
i ts  fins. To do t h i s  t h e  a n i m a l  is forced to  swim on e i t h e r  
i ts  r i g h t  or lef t  side. Un l ike  in  m a r i n e  species, t h e  pos i t ion  
of t h e  pec to ra l  f in  is d i s t i n c t l y  la tera l .  T h e  a n i m a l  o f ten  
presses  a f in  down  on t h e  b o t t o m ,  c u r v i n g  i t  s l ight ly .  

The  sense of t o u c h  in t h e  f ins may,  therefore ,  a c c o u n t  
for s ide -swimming .  Th i s  pos i t ion  also p e r m i t s  t h e  per-  
cep t ion  of l igh t  which ,  due  to  t h e  d i s t ance  of t h e  eye f rom 
the  surface,  t h e  n a r r o w  eye sift  a n d  t h e  th ick ,  r ig id  lids, 
m u s t  p e n e t r a t e  axial ly .  I n  t h e  biotope,  all  l i gh t  occurs  on  
t h e  surface  of t h e  w a t e r  a n d  can  on ty  be  pe rce ived  if t h e  
eye of t h e  a n i m a l  is d i rec ted  t o w ard s  t h e  surface.  He re  
again,  t h i s  is on ly  poss ible  w h e n  t h e  a n i m a l  swims  on  i t s  
side. 

Acoustic orientations. N e x t  to  t h e  g rea t ly  r educed  v i sua l  
a p p a r a t u s  a n d  t i le  well  deve loped  sense of touch ,  t h e  
acous t ic  s y s t e m  of Platanista is t h e  m o s t  i m p o r t a n t  sense 
o rgan  a n d  i t  p l ays  a p r e d o m i n a n t  role in  o r i en ta t ion .  W e  
were able  to  e s t ab l i sh  t h a t  Platanista, l ike m a r i n e  ce ta-  
ceans,  emi t s  supersonic  e x p l o r a t o r y  sounds ,  echoes of 
wh ich  are p icked  up  b y  t h e  h i g h l y  sens i t ive  o rgan  of hea r -  
ing (PILLERI, KRAUS a n d  GIHR6 8). The  sound  is f o r m e d i n  
t h e  l a rynx .  O t h e r  au t h o r s  p o s t u l a t e  t h a t  t h e  a i r  sacs con-  
t a i n e d  in t h e  me lon  (d iver t i cu la  of t h e  n a s o p h a r y n g e a l  
space) are  t h e  on ly  sources  of t h e  above-menLioned  ex- 
p l o r a t o r y  sounds  (NORRIS 9; NORRIS et  al.l~ n) .  If  t h i s  were 
t h e  case, Platanista would  be  u n a b l e  to  p roduce  sounds  as 
i t  does n o t  possess t he se  air  sacs (PuRvEs  a n d  PII, LERIS). 
We  are also able  to  re fu te  t h e  t h e o r y  subsc r ibed  to  b y  
rfiany o t h e r  researchers  accord ing  to w h o m  acoust ic  s t im-  
uli  are t r a n s m i t t e d  v ia  t h e  bones,  t h i s  b e i n g  t h e  on ly  pos-  
s ib i l i ty  of s o u n d  t r a n s m i s s i o n  in ce taceans .  B o t h  t h e  
m e a t u s  aeus t i cus  ex t e rnus  an d  t h e  s t r u c t u r e s  of t h e  
midd le  ear  are ful ly  deve loped  a n d  in. no  w ay  a t roph ied .  
I n  a d d i t i o n  to t h e  superson ic  sounds  of more  t h a n  160 
k t t z ,  Platanista also emi t s  low f r equency  sounds  far  d o w n  
t h e  h u m a n  r ange  of hear ing .  Two p n e u m a t i z e d  m a x i l l a r y  
crests  cause  t h e  whole  of t h e  sound  field fo rmed  b y  t h e  
l a r y n x  to  converge  fo rwards  (PURVES a n d  PILLERIS). 
A l t h o u g h  t h e  exac t  shape  of t h i s  sound  cone is n o t  ye t  
known,  we h a v e  been  able  to  d e t e r m i n e  2 d i a m e t e r s  b y  
p lac ing  t h e  h y d r o p h o n e s  in a p p r o p r i a t e  pos i t ions  in  t he  
t ank .  

The  sound  emiss ion  was fol lowed on t h e  oscil loscope a n d  
t h r o u g h  t h e  loudspeaker .  As soon as i t  ceased, t h e  pos i t ion  
of t h e  a n i m a l  in  r e l a t i on  to t h e  h y d r o p h o n e  was reg i s te red  
w i t h  a v ideo-moni to r .  I t  was  easier  to  work  w i t h  y o u n g  
an ima l s  in  t h a t  t h e y  deve loped  t h e  h a b i t  of ' p l ay ing '  w i t h  
t h e  h y d r o p h o n e  suspended  in t i le water ,  i.e. t h e y  r u b b e d  

Fig. 7. Oscilloscopic pMaroid recording of the sonar sounds: A) Hydro- 
phone at the tip of the rostrum (position c of Figure 6); B) Hydro- 
phone immediately behind the anterior edge of the maxillary crest 
(position e of Figure 6). Impulse recordings have ceased (Photographs: 
t<. ZBINDEN). 
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i t  ove r  t he  t ip  of t h e i r  s n o u t  cauda lwards ,  s l id ing  i t  a long  
t he  lef t  or  r i gh t  s ide of t h e i r  h e a d  to t h e i r  pec to ra l  f in  (Fi- 
gu re  6). Whi l e  o b s e r v i n g  these  an t i c s  we no t i ced  t h a t ,  in  
the  reg ion  of t he  a n t e r i o r  edge of t he  p n e u m a t i z e d  maxi l -  
l a ry  crests,  t h e  sounds  s u d d e n l y  ceased a n d  no  more  pul-  
ses a p p e a r e d  on  t he  oscil loscope (Figure  7). Th i s  r e su l t  
e n a b l e d  us to  e s t ab l i sh  t he  d i rec t ion  of t he  sounds  a n d  to 
d e t e r m i n e  t he  l imi t s  of t h e  sound  field. 

Fig. 5. Semischematic representation of the eye of PZatanista gangetica 
(Indian river dolphin). Horizontal section : Cp, palpebral conjunetiva ; 
Cb, bulbar eonjunetiva; Fc, iornix conjunctivae; M, muscle, Rf; 
retrobulbar fat body; Spo, scleral process round the optic nerve. 
For other letters, see Fig. 3. 
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Fig. 6. Position (a-h) of the transducer while a dolphin 'plays' with 
the instrument. When the hydrophone has passed beyond the anterior 
edge of the maxillary crest, the signals suddenly cease (see Figure 7). 

The  angles  m e a s u r e d  b y  us, f rom t h e  l a rynx ,  are a hor i -  
zon ta l  angle  (hor izon ta l  to  t h e  s ag i t t a l  p l ane  of t h e  b o d y  
of t h e  an imal )  of 90 o a n d  a ve r t i ca l  angle  of approx .  150 ~ 
VVhen t h e  a n i m a l  swims  on i ts  s ide t h e  ve r t i ca l  angle  is 
p a r t i c u l a r l y  a d v a n t a g e o u s  as i t  t akes  in  a ve ry  large space  
in f ron t  of t h e  an imal .  Th i s  form of sound  field, w h i c h  is 
b r o a d e r  t h a n  i t  is deep w h e n  t h e  d o l p h i n  swims  on  i ts  side, 
is a d m i r a b l y  su i ted  to  t h e  b io tope  as t h e  I n d o - P a k i s t a n i  
r ive r s  are genera l ly  shallow. F u r t h e r m o r e ,  t h e  head  is b e n t  
a n d  s t r eched  a l t e rna t ive ly ,  t h e r e b y  w iden ing  t h e  sound  
angle  st i l l  fu r ther .  Th i s  p e n d u l u m  e x p l o r a t o r y  m o v e m e n t  
of t h e  h e a d  is k e p t  up  c o n s t a n t l y  d u r i n g  swimming .  

Tes ts  car r ied  o u t  in  our  l a b o r a t o r y  h a v e  shown  how 
sub t l e  t h e  t r a n s m i t t o r - r e c e i v e r  a p p a r a t u s  is. A piece of 
sho t  of 3-4  m m  in d i a m e t e r  s u s p e n d e d  in t h e  t a n k  b y  a 
n y l o n  t h r e a d  was i m m e d i a t e l y  loca ted  an d  t h e  y o u n g  ani-  
ma l s  even  b e g a n  to p l a y  w i t h  i t  b y  b u t t i n g  ag a i n s t  i t  w i t h  
t h e i r  head  or snout .  I f  one cons iders  h o w  v e r y  smal l  t he  
ref lec t ive  surface  of such  a sho t  is, i t  is e v i d e n t  t h a t  t he  
sona r  a p p a r a t u s  m u s t  h a v e  evo lved  to  a n  e x t r e m e l y  h i g h  
degree  of per fec t ion .  T h e  do lph ins  Iocate  t h e  f ish fed to  
t h e m  in t h e  d a r k  a n d  even  m a k e  a careful  select ion.  VVhen 
fed w i t h  t r o u t  (Salmo trutla) a n d  w h i t i n g  (Le~ciscus leu- 
ciscus) of t h e  same  size, t h e y  chose a n d  w e n t  a f t e r  t he  
whi t ing ,  l eav ing  t h e  t r o u t  u n d i s t u r b e d .  A s imi la r  select ion 
was m a d e  in t h e  case of w h i t i n g  a n d  p e r c h  (Pema/luvia- 
tills) ; unless  t h e y  were v e r y  h u n g ry ,  t h e  do lph ins  left  t h e  
l a t t e r  species u n t o u c h e d .  

Discussion. H o w  can  s ide - swimming  be  exp la ined  f rom 
a p h y l o g en e t i c  s t a n d p o i n t  ? I t  is h i g h l y  p r o b a b l e  t h a t  the  
ances to r s  of t h e  P l a t a n i s t i d a e  i n h a b i t e d  coas ta l  waters .  
T h e y  came  to t h e i r  p r e s en t  d i s t r i b u t i o n  regions  where  t h e y  
h a v e  fo rmed  r ecen t  e n d e m i s m s  d u r i n g  t r ansocean ic  mig ra -  
t ions  ( the o ldes t  fossils were found  in N o r t h  America)  un-  
d e r t a k e n  d u r i n g  t h e  Middle  Eocene  a n d  later .  I t  is k n o w n  
t h a t  t h e  t e m p e r a t u r e  of t h e  sea r e m a i n e d  c o n s t a n t  d u r i n g  
t h i s  geological  era  a n d  t h e  fossile found  h a v e  shown  t h a t  
t h e  P l a t a n i s t i d a e  of those  days  were suf f ic ien t ly  good 
swimmers .  These  two  fac tors  r e n d e r  such  long  m i g r a t i o n s  
plausible ,  also in t h e  case of o t h e r  species. The  p r e s e n t  
d i s t r i b u t i o n  does not ,  therefore ,  co r re spond  to t h e  or ig ina l  
d i s t r i b u t i o n  an d  t h e  ecology has  also changed .  M u d d y  
w a t e r  has  rep laced  t h e  o r ig ina l ly  clear  m e d i u m  a n d  led to 
a regress ion of t h e  v i sua l  a p p a r a t u s .  T h e  a n c e s t r a l  (see 
ba ts ,  fossil  ce taceans)  s o n a r  func t i ons  h a s  r e m a i n e d  a n d  
ensu red  t h e  s u r v i v a l  of t h e  species. T h e  change  in ecology 
led to  t h e  fol lowing s i t u a t i o n  wh ich  st i l l  p reva i l s  today .  
I m a g i n e  a Platanista s w i m m i n g  in t h e  I n d u s  j u s t  a b o v e  
t h e  r ive r  bed  (Figure  8). The  surface  of th i s  r i ve r  is of ten  
as ca lm as a mi l lpond .  The  h i g h  f r equency  sona r  a p p a r a -  
tus  of t h e  a n i m a l  an d  t h e  low f r equency  sounds  i t  emi t s  
are  d i r ec ted  fo rward  a n d  t r a v e l  a long  a clear  p a t h  f rom 
w h i c h  no  echoes arise. Below, t h e  m u d d y  r i ve r  b ed  is a n  
exce l l en t  sound  absorber ,  so here  too  no  sound  is ref lected.  
Above,  t h e  s m o o t h  surface  of t h e  r i ve r  ref lects  t h e  s ignals  
t h a t  s t r ike  i t  d i agona l ly  l ike  a m i r r o r  a n d  t h e  ref lec ted  
sound  waves  are lost  in  t h e  d i s t ance  ; i t  is on ly  w h e n  t h e r e  
are  waves  on t h e  surface  t h a t  these  can  be  located.  I n  
such  a s i t u a t i o n  t h e  only  poss ib i l i ty  t h e  an ima l s  h a v e  of 
check ing  t h e i r  pos i t ion  in t h e  w a t e r  is to  grope w i t h  a f in  
- a n d  t h e y  can  on ly  do t h a t  if t h e y  sw im on t h e i r  side. 

Cons idered  f rom th i s  angle,  s i d e s w i m m i n g  is a second-  
a r y  f u n c t i o n a l  a d a p t a t i o n  of a l a t e r  p h y l o g en e t i c  per iod.  
A n o t h e r  a r g u m e n t  in  f a v o u r  of t h i s  t h e o r y  is t h a t  side- 
s w i m m i n g  is less ev i d en t  in  y o u n g  Plata,aisla t h a n  in sub-  
a d u l t  a n d  a d u l t  an imals .  

Zusamme~/assung. Das  S c h w i m m e n  in  Se i ten lage  is t  
e in  H a u p t c h a r a k t e r i s t i k n m  v o n  Plata~ista indi. Es  h a n -  
de l t  s ich sehr  wah r sche in l i ch  u m  eine spgtere  phy logene-  
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t i sche  A n p a s s u n g  u n d i s t  d u t c h  die t ak t i l e  F u n k t i o n  der  
Brns t f lossen  n n d  die besonde re  S t r u k t u r  u n d  Lage  der  
Augen  bed ing t .  Das  Auge yon  Platanista i s t  d u t c h  eine 
oekologisch bedi l lg te  regress ive  E v o l u t i o n  e x t r e m  zu rack -  
gebi lde t  u n d  k a n n  p r a k t i s c h  n u r  ax ia l  e in t re f fende  L ich t -  
reize w a h r n e h m e n .  Der  hochd i f fe renz ie r t e  akus t i sehe  Ap- 
p a r a t  (Sonar)  s t e h t  im V o r d e r g r u n d  der  Or ien t i e rung .  I n  
Sei tenlage  is t  das  Schal l fe ld  des De lph ins  b r e i t e r  als hoch,  
was  eine gi inst ige A n p a s s u n g  an  die se i ch ten  Gew~tsser des 

I n d u s  bewirk t .  D u r c h  p e n d e l n d e  B e w e g u n g e n  des Kopfes  
in  der  H o r i z o n t a l e b e n e  w g h r e n d  des S c h w i m m e n s  u n d  
Or t ens  in  Sei tenlage  k a n n  das  Tier  se inen Sendewinke l  
noch  e r h e b l i c h  vergr6ssern .  

G. PILLERI 

Brain Anatomy Institute, University o/Berne, 
Untere Zollgasse 77, CH-3072 Ostermundigen 
(Switzerland), 14 August 1973. 

F l a v o n o i d s  of Parthenocissus  T i s s u e  Cul ture  

I l l  t h e  course of a c o n t i n u i n g  search  for p l a n t  t i ssue  
cul tures  wh ich  are able  to  express  t he i r  b i o s y n t h e t i c  
p o t e n t i a l  for f l avono id  c o m p o u n d s  I-~, we found  t h a t  a 
l igh t -g rown callus cu l tu re  o b t a i n e d  f rom s t e m  segmen t s  of 
t h e  Vi rg in ia  creeper,  Parthenocissus tricuspidata Planch .  
(Vitaceae) p roduces  1 a n t h o c y a n i n  a n d  2 f l avonol  
glucosides. STANI<O and  BRANDINSKAYA 4 r epo r t ed  t he  
presence  of cyanid in ,  de lph in id in  a n d  m a l v i d i n  glucosides 
in  a ' chemica l  t u m o r '  cal lus cu l tu re  o b t a i n e d  f rom t h e  
same  species. The  i nves t i ga t i on  of t h e  n a t u r e  of these  
f l avonoids  was u n d e r t a k e n  w i t h  t he  v iew of us ing  th i s  
cu l tu re  s y s t e m  to  s t u d y  t h e  r egu la t ion  of f l avono id  
f o r m a t i o n  in vi t ro .  

Experimental. The  callus t i ssue  was cu l tu red  on HELLER'S 
m e d i u m  5 c o n t a i n i n g  glucose (5%),  ~ - n a p h t h a l e n e  acet ic  
acid (0.1 rag/l) and  solidified w i t h  0.7% agar.  The  cu l tures  
were m a i n t a i n e d  u n d e r  c o n t i n u o u s  i l l um i na t i on  (300 fc) 
and  a t e m p e r a t u r e  of 27 ~ 1~ S t a n d a r d  c h r o m a t o -  
g raph ic  a n d  spect roscopic  methods6 ,  7 were used for t he  
i so la t ion  a n d  iden t i f i ca t ion  of f l avonoids  f rom 4-week old 
callus t issue.  

Results and discussion. T h e  spec t ra l  cha rac te r i s t i c s  a n d  
RI  va lues  of c o m p o u n d s  A - C  are g iven  in  t he  fol lowing 
Table .  C o m p o u n d s  A and  13 on  acid hydro lys i s  yielded 

que rce t in  a n d  glucose wh ich  c o - c h r o m a t o g r a p h e d  w i t h  
a u t h e n t i c  samples .  The  b a t h o c h r o m i c  shif ts  e x h i b i t e d  b y  
b o t h  c o m p o u n d s  in. t he  p resence  oI N a O A C  (in t h e  sho r t  
UV-range)  a n d  A1C13 (in t he  long  UV-range)  i nd i ca t e  t h a t  
t he  5- a n d  7-posi t ions  are free. F u r t h e r m o r e ,  t he  in-  
s t a b i l i t y  of t h e i r  A1C1 a complexes  in  presence  of HC1 is 
i nd i ca t i ve  of g lucosy la t ion  a t  t he  3-pos i t ionL On t h e  
bas i s  of t h e i r  R I  va lues  in  b o t h  organic  a n d  aqueous  
solvents ,  c o m p o u n d s  A and  B h a v e  been  iden t i f i ed  as t h e  
3-mono-  and  3-diglucosides of querce t in ,  respect ively .  
C o m p o u n d  C was ident i f ied  as cyanid in-3 ,  5-diglucoside 
b y  compar i son  of i ts  c h r o m a t o g r a p h i c  a n d  spec t ra l  
cha rac te r i s t i c s  w i t h  those  of a n  a u t h e n t i c  sample% I t s  
i d e n t i t y  was conf i rmed  b y  acid hydro lys i s  a n d  charac-  
t e r i za t ion  of t he  h y d r o l y t i c  p roduc t s .  

W h e r e a s  these  c o m p o u n d s  c o n s t i t u t e  t he  m a j o r  
I l avono id  c o m p o n e n t s  of t he  cal lus t issue,  i t  is of i n t e r e s t  
to  no te  t h a t  i n t a c t  leaves  of t h i s  species c o n t a i n  t he  same  
c o m p o u n d s  a l t h o u g h  th i s  has  no t  been  p rev ious ly  repor ted .  
These  f l avonoids  were on ly  fo rmed  w h e n  t he  t i ssue  was  
cu l tu red  on  Hel le r ' s  m e d i u l n  c o n t a i n i n g  5% glucose. 
However ,  when  e i the r  f ruc tose  (5%) or  sucrose (2.5%) 
was used as the  c a r b o n  source no  f l avono id  f o r m a t i o n  was 
obse rved  s. 
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Chromatographic and spectral characteristics of the major flavonoids of Parthenocissus callus tissue 

Spectral values ymax (nm) 

A B C 

80% MeOH 255,267% 352 

+ NaOH ] 275,300, 410 
+ NaOAc | 270, 375 
+ NaOAc + HaBO a ~ 285,375 
+ A1C1 a ] 272,303 ~, 420 
+ A1C13 + HC1 270,302 ~, 405 

Rf values ( • 100) 
BAW b } 57 
15% HOAc 30 

255,268 % 350 

278,310, 414 
272, 372 
259, 375 
275,300% 418 
272,302 ~, 401 

48 
48 

273, 525 

275, 545 

30 
39 

shoulder (inflection) ; b n-Butanol-acetic acid-water (4:1 : 2.2, v/v) 


