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Carotenoids  f r o m  the H a e m o l y m p h  of the M o p a n i  

Whils t  the  presence of carotenoids,  specially fl- 
carotene in the  in t egument  and o ther  organs of insects, is 
a well-established fac t  1, 2, few reports  are  avai lable  about  
their  presence in the  h a e m o l y m p h  of insects 3-5 and none 
have  so far  been found on the  occurrence of carotenoids  
in the  h a e m o l y m p h  of Sa turn id  moths .  The  caterpil lars of 
the  Mopani  m o t h  Gonimbrasia belina, which feed exclu- 
s ively on the  Mopani  t ree  (Colophospermum mopani) and 
are a popular  del icacy of the  indigenous Afr ican popula-  
tion, conta in  an  intensely coloured haemo lymph  which 
we have  now inves t iga ted  for its carotenoid  content .  

Materials. H a e m o l y m p h  was collected f rom the  cater-  
pil lars dur ing the  prepupa t ion  period a t  the  stage when 
t h e y  stop feeding and leave the  trees. Dur ing  the  maxi -  
m u m  growth  period the  sampling of the  h a e m o l y m p h  is 
ve ry  difficult ,  since the  midgu t  is full  of undigested p lan t  
mater ia l  and the  h a e m o l y m p h  easily gets con tamina ted  
wi th  p lan t  pigments .  Dur ing  the  p repupa t ion  period, the  
guts  are e m p t y  and the  sampling of h a e m o l y m p h  does 
not  present  any  problems.  The  caterpil lars  were anaes- 
thet ized wi th  chloroform and the  hae lno lymph  drained 
through an incision on the  abdomina l  side. One caterpi l lar  
yielded an average  of 2.5 ml  of haemolymph ,  a to ta l  of 
60 animals  were used. 

Experiments and results. The h a e m o l y m p h  was a golden 
yel low and viscous l iquid which coagulated wi th in  seconds 
under  t h e  format ion  of a da rk  p igment ,  p robab ly  due to 
t he  act ion of tyrosinase K To p reven t  any  possible changes 
the  h a e m o l y m p h  was collected in ch loroform-methanol  
(1:1) and immed ia t e ly  ex t r ac t edL  All operat ions were 
carried out  under  v a c u m n  or ni trogen.  The  final  yield was 
1.1 Ing of chloroform soluble lipids per  m l  of haemo-  
lymph.  Pre l iminary  th in- layer  ch roma tog raphy  on silica 
gel G in benzene-hexane  (1 : 1) showed a fast  moving  spot  
of med ium in tens i ty  (Rf 0.68) and a ve ry  s t rong spot  a t  
the  start .  To faci l i ta te  the  isolat ion of the  carotenoids,  the  
to ta l  l ipids were first  separa ted  on a silicic acid co lumn 
into phospholipids and neut ra l  lipids. The  l a t t e r  were sub- 
f rac t iona ted  on silica gel G pla tes  using pe t ro leum e t h e r -  
e the r -ace t i c  acid (80:20:1).  I n  this  sys tem only the  
polar  carotenoid  remained  on the  start ,  while the  non- 
polar  p igment  moved  a lmost  wi th  the  ~ront of t he  solvent .  
The  Muted non-polar  p igment  moved  on silica gel G 
plates in undecane-m~thylene  chloride (8:2) as a single 
spot  (Rf 0.80). The  absorpt ion spec t rum had  ~ a ,  (carbon 
disulphide) 473, 503 nm;  (chloroform) 455, 484 nm. This  
is in good agreement  w i th  t h a t  of ~-carotene ~m~, (carbon 
disulphide) 477, 509 nm;  (chloroform) 454, 485 n m L  The 
I R - s p e c t r u m  (in carbon te t rachlor ide  and cyclohexane) 
had  the  fol lowing ma jo r  peaks :  C i I  s t re tching 2920, 
2840 cm -1, C = C s t re tching 1650 cm -1, C t t  deformat ion  
1480 cm -x, CI t  out-of-plane v ib ra t ion  (trans) 970 cm -1, 
Gtt  out-of-plane v ib ra t ion  (cis) 760 cm-K There  were  no 
peaks indicat ing the  presence of any  carbon-oxygen  
bonds. 

The  pur i ty  of the  polar  substance was examined  on 
silica gel O plates.  I n  me thy lene  ch lor ide-e thy l  ace ta te  
(8:2) the  p igmen t  t rave l led  as a single spot  (Rf. 0.30). 
The  s t rong polar  charac ter  was emphasized by  immo-  
b i l i ty  in undecane -me thy l ene  chloride (8:2)s. The  sub- 
s tance had  ~m~, (chloroform) 440 (inflexion), 454, 482 nm. 
The I R - s p e c t r u m  was obta ined  wi th  mel ts  be tween  
po tass ium bromide  plates% A med ium st rong band a t  
1730 cm -1 indica ted  the  presence of esters and  a s t rong 
peak  a t  3350 cm -~ the  presence of another  free secondary 
OFI- grou p ( O H -  deformat ion  1045 cm-1). Other  ma jo r  
peaks :  GH stre tching 2890, 2820 em -1, C = C s t re tching 
1660 cm -1, CH in-plane v ibra t ion  1389 cm -~, CH out-of- 
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plane v ibra t ion  (tram) 975 cm -1, CH out-of-plane vibra-  
t ion (cis) 765 cm -1. The  substance,  obviously  an  ester, 
was hydrolysed wi th  10% methanol ic  K O H  (24 h a t  
room tempera ture)  and the  substance purified on a silica 
gel G plate  in pe t ro leum e the r -benzene  (1:1) ~max 
(petroleum ether) 268, 330 (cis-peak), 425 (inflexion) 440, 
470 nm. The I tZ-spectrum was character ized by  the  dis- 
appearance  of the  C=O band a t  1730 cm -1 and an in- 
tensif icat ion of the  cis-peak at  765 cm -1. Other  major  
peaks:  OH stre tching 3400 cm -z, CH stre tching 2920, 
2850 cm -1, C-C s t re tching 1660 Cln -1, CH-deformat ion  
1480 cm -1, CH deformat ions  1390, 1375 cm -1, secondary 
OH bending 1045, 1035 cm -1, CH out-of-plane v ibra t ion  
(trans) 975 cm-K 

Discussion. The  absorpt ion  m a x i m a  of the  non-polar  
carotenoid  are in a good agreement  wi th  the  figures given 
in the  l i t e ra ture  for ~-caroteneL The I R - s p e c t r u m  of the  
substance conf i rmed the  assumpt ion  t h a t  the  substance 
was a carotene  hydrocarbon  b u t  the  q u a n t i t y  of the  
avai lable  mater ia l  was no t  sufficient  for fur ther  experi-  
ments.  

For  t he  non-polar  p igment  results indica ted  t h a t  i t  was 
xan thophyl .  Al though there  were some differences in the  
absorpt ion m a x i m a  for the  carbon disulphide solution, 
the  figures for x a n t h o p h y l  esters and x a n t h o p h y l  in 
pe t ro leum ether  and c h l o r o f o r m  are in good agreement  
wi th  the  figures given in the  l i t e ra ture  1~ The I R -  
spectra  supported the  assumpt ion  t h a t  the  substance was 
a cyclic carotenoid  wi th  2 secondary O H - g r o u p s  of 
which one in the  original  substance was esterified wi th  an 
unknown acid. I t  is ra ther  s t r iking t h a t  bo th  the  original 
ester and the  pure alcohol  showed s t rong peaks for trans 
and cis groupings. I t  has  been shown t h a t  not  all na tu ra l ly  
occurr ing carotenoids  are all trans-forms 13. The presence of 
bo th  cis and trans peaks in var ious isomeric forms of 
a symmet r i c  carotenoids  makes  the  ident i f icat ion far more 
difficult  t h a n  in symmet r ica l  ones 1.. Owing to the  ab- 
sence of a double peak  in the  970 cm -1 region which is 
character is t ic  ior  centra l  vnonocis-forms ~5, one could 
assume t h a t  the  substance m a y  be neo-xan thophy l  B or 
neo-xan thophy l  U. This  is also suppor ted  by  the  presence 
of a peak  at  1380 cm -1 ~ 

The 2 earotenoids  described have  also been found in the  
midgu t  and the  skin where they  form par t  of the  colour 
pa t te rn .  I t  is doubt fu l  whether  the  carotenoids  are also 
present  in the  fa t  bodies. I f  the  h a e m o l y m p h  is drained off 
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comple t e ly  a n d  t h e  f a t  bod ies  d issected  as fas t  as possible,  
t h e y  will n o t  c o n t a i n  a n y  caro tenoids .  On  t h e  o the r  h a n d  
if t h e  f a t  bodies  are  a l lowed to  s t ay  in c o n t a c t  w i t h  some 
res idues  of t h e  t l a e m o l y m p h  for  a few minu te s ,  t h e  caro- 
t eno ids  will i m m e d i a t e l y  be  a d s o r b e d  b y  t h e  f a t  bodies.  
F ind ings  conce rn ing  t h e  p resence  of ca ro teno ids  in  f a t  
bodies  of insec ts  a, ~ shou ld  the re fo re  be  t r e a t e d  w i t h  a 
c e r t a i n  a m o u n t  of cr i t ic ism.  

Zusammen/assung. Die H g m o l y m p h e  der  R a u p e  des 
Mopan i fa l t e r s  Gonimbrasia belina e n t h g l t  ka ro t ino ide  
Fa rbs to f fe ,  die durc t l  E x t r a k t i o n  m i t  Methanol -Chloro-  
fo rm isol ier t  u n d  d u r c h  Sgulen-  sowie D t innsch i ch t -  

c h r o m a t o g r a p h i e  gere in ig t  wurden .  Zwei  F a r b s t o f f e  
w u r d e n  gewonnen ,  die e -Caro t in  u n d  X a n t h o p h y l e s t e r  
sein k6nnen .  Diese Fa rbs to f f e  s ind  a u c h  im H a u p t p i g -  
m e n t  sowie im D a r m k a n a l ,  n i c h t  abe r  in  den  F e t t k 6 r p e r n  
v o r h a n d e n .  

S. H.  W.  CMELIK 
Department o/ Biochemistry, 
University College o/Rhodesia, 
Salisbury (Rhodesia), 6 July 7969. 
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Chemische Sensibi l is ierung der Strahlenschfidigung bei Rattenembryonen 

Es in te ress ie r t e  uns  die Frage ,  ob  e m b r y o n a l e  Sch/idi- 
gungen ,  die m i t  k le inen  S t r a h l e n m e n g e n  ausgelSst  
werden ,  d u r c h  Chemika l i en  bee in f luss t  u n d  v ie l le icht  
sogar  verst~trkt  werden .  Als m u t m a s s l i c h e n  S t r ah len -  
sens ib i l i sa to r  w g h l t e n  wi t  J o d a z e t a m i d  (JAA),  das  fiir 
seine s t r ah lensens ib i l i s i e rende  W i r k u n g  be i  Mikroorganis -  
m e n  1-5, Sgugerzel len  6-s u n d  S~tugetieren 9 b e k a n n t  ist. 
Z u d e m  zeig ten  E x p e r i m e n t e  all M i t o c h o n d r i e n  1~ dass  
J A A  die s t r a h l e n i n d u z i e r t e  H e m m u n g  des P / O - Q u o t i e n t e n  
vers t~trkt  u n d  s o m i t  auf  den  Energ ies to f fwechse l  ein- 
wirkt ,  de r  ffir die E r h o l u n g  yon  S t r a h l e n s c h g d i g u n g e n  
b e d e u t s a m  ist. 

Material und Methode. (N~theres s iehe MICHEL in 
Pub l ika t i on . )  B e s t r a h l t  w u r d e n  in u t e ro  9t/igige R a t t e n -  
e m b r y o n e n ,  d i e  sich in bezug  auf  Missb i ldungen  in e inem 
sehr  sens ib len  S t a d i u m  bef inden .  Die F e s t s e t z u n g  des 
E m b r y o n a l a l t e r s  erfolgte  d u r c h  die Vag ina lp f rop fme-  
thode .  F i i r  die t 3es t r ah lung  v e r w e n d e t e n  wir  S t r ah len -  
dosen  y o n  121/=, 25, 50 u n d  100 I~ (200 keV, 12 mA,  
1 m m  A I - +  0,5 m m  Cu; 36,5 R/ ra in ,  F o k u s a b s t a n d  
40,7 cm).  E i n e  S t u n d e  vo r  B e s t r a h l u n g  wurde  J o d a z e t a -  
m id  i.p. (0,925 m g / k g  KSrpergewich t )  inj iz ier t .  A m  13. 
Tag  der  Tragze i t  w u r d e n  die M u t t e r t i e r e  ge tS te t  u n d  die 
F e t e n  m a k r o s k o p i s c h  u n d  mik roskop i sch  u n t e r s u c h t .  
Gle ichzei t ig  w u r d e n  die Zah l  u n d  Lage t o t e r  I m p l a n t a -  
t i o n e n  e rmi t t e l t .  

Resultate. Bei  den  E x p e r i m e n t e n  m i t  J A A  u n d  Be-  
s t r a h l u n g  (121/2-100 IR) t r a t e n  u n t e r  246 I m p l a n t a t i o n e n  
t o t a l  36 (14,5%) p o s t i m p l a n t a t i v e  Todesf~Ule au f  (Tabelle 
I). 

N a c h  al le iniger  R 6 n t g e n b e s t r a h l u n g  w a r e n  y o n  235 
I m p l a n t a t i o n e n  n u t  19 (8,1%) abgestorbeI1. Die  In j ek -  
t i on  yon  J A A  vo r  de r  B e s t r a h l u n g  f i ihr te  zu e iner  signifi-  
k a n t e n  E r h 6 h u n g  de r  s t r a h l e n b e d i n g t e n  Letal i t~tt  (Z2= 

4,111 bei  P < 0 , 0 5 ) .  I n  bezug  auf  die Lage  de r  abge-  
s t o r b e n e n  F r i i ch t e  zeigte sich in te ressan te rweise ,  dass  in  
Ovarn/~he m e h r  R e s o r p t i o n e n  a u f t r a t e n  als in  der  Mi t re  
oder  a m  Vag ina l ende  des U t e r u s  (Z~= 6,007 bei 
P < 0,05). 

Bei  k le inen  S t r a h l e n d o s e n  l iessen sich m a k r o s k o p i s c h  
vo r  a l l em A u g e n a n o m a l i e n  fes ts te l len,  die d a h e r  als 
H a u p t k r i t e r i u m  ftir S t r a h l e n s c h g d i g u n g  b e w e r t e t  wurden .  
Sowohl  M i k r o p h t h a l m i e  als a u c h  A n o p h t h a l m i e  w u r d e n  
b e o b a c h t e t .  ]3ei M i k r o p h t h a l m i e  liess sich j e d o c h  eine 
e indeu t ige  Klass i f iz ie rung  ers t  durc t l  mikroskop i sche  
Messung durchf i ih ren .  

N e b e n  A u g e n m i s s b i l d u n g e n  t r a t e n  a u c h  vere inze l t e  
Kopfabnormi t~ t t en  (HSckerb i ldungen ,  Mikrozepha l ie  u n d  
andere)  auf. Es  zeigte sich, dass  die alleinige A p p l i k a t i o n  
yon  J A A  n u r  in  e inem y o n  73 F e t e n  eine Augenschgd i -  
gung  he rvor r i e f  (Tabel le  II) .  
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TabeI1e I. Wirkungen von Jodazetamid und R6ntgenstrahlen beim 9t~igigen Embryo 

Kriterien Ko JAA 121]2 R JAA + 25 R JAA + 50 R JAA + 100 R JAA + 
12112 R 25 R 50 R 100 R 

Total Implantationen 103 76 54 54 62 51 60 61 59 80 
Implantation]Tier 12,8 12,6 10,8 10,8 12,4 10,2 12,0 12,2 11,8 11,4 
Anzahl lebender Feten 98 73 50 52 60 41 54 54 52 63 
% lebende Feten 95,1 96,0 92,6 96,3 96,7 80,4 90,0 88,5 88,1 78,8 
Postimplantative Resorptionen 5 3 4 2 2 10 6 7 7 17 
% postimplantative Resorptionen 4,8 3,8 7,1 3,5 3,1 17,8 10,0 11,1 11,5 20,5 
Feten ohne siehtbare Missbildungen 98 72 49 47 55 31 42 29 5 2 
% -Werte 100 98,6 98,0 90,3 91,6 75,6 77,7 53,7 9,6 3,2 
Anzahl geseh~idigte Feten - 1 1 5 5 10 12 25 47 61 
% gesch~idigte Feten - 1,4 2,0 9,6 8,3 24,4 22,2 46,2 90,4 96,8 

Injektion von JAA (0,925 mg/kg K6rpergewieht) 1 h vor Bestrahlung. Makroskopisehe Missbildungen und Resorptionen 13tfigiger Feten. 


