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Studies on the Rate of Excretion of AulacophoraJoviecollis Lucas.,  the red pumpkin beetle (Coleoptera: 
Chrysomelidae)  

Severa l  workers  (pa r t i cu la r ly  NATION a n d  PATTON 1 
and  RAMSAY ~) h a v e  worked  on  the  va r ious  aspec ts  of ex- 
c re to ry  phys io logy  of insects .  B u t  no  ex tens ive  work  
seems to h a v e  been  done  on  t h e  r a t e  of excre t ion.  T he  r a t e  
of excre t ion  of A. 1oviecollis, a p h y t o p h a g o u s  beet le ,  caus- 
ing severe  d a m a g e  to  t h e  leaves  of p u m p k i n  (Laginaria 
siceraria Standl . )  ha s  been  s tudied .  

Material and method. I n d i v i d u a l s  were col lected f rom 
t h e  field a n d  k e p t  in  cages h a v i n g  green  leaves,  t h e  
pedunc les  of wh ich  were e m b e d d e d  in w a t e r  k e p t  in pe t r i  
dishes.  E x p e r i m e n t s  were c o n d u c t e d  on  b o t h  n o r m a l l y  
fed as well as on  24 h - s t a r v e d  insects  s epa ra t e ly  a t  va r ious  
t e m p e r a t u r e s  r a n g i n g  f rom 25 to 35 ~ I n  b o t h  condi t ions ,  
i.e. in  n o r m a l  a n d  s t a r v e d  insects,  10 rep l ica tes  (1 repl i-  
ca te  = 10 ind iv idua ls )  were conduc ted .  I n  each  rep l i ca te  
i nd iv idua l s  were k e p t  in s epa ra t e  pe t r i  dishes.  

Results and discussion. T he  bee t le ' s  r a t e  of exc re t ion  
depends  on  t he  r a t e  of t a k i n g  up  food. I t  excre tes  con-  
t i n u o u s l y  w i t h  i n t e rva l s  of 4 -10  rain.  I t  c o m m o n l y  ex- 
cre tes  all t h e  3 t y p e s  of exc re ta :  n a m e l y  (a) l iquid,  
(b) semi-sol id a n d  (c) solid. T he  f i rs t  excre t ion  is g iven  o u t  
in  t he  form of l iquid  drops  w h i c h  m a y  be  pure  ur ine.  Af te r  
5 ra in  of u r ina l  excre t ion ,  t h e  beet le  p roduces  semi-sol id  
and  a f t e r  15-20 ra in  solid excre ta .  T he  sequence :  l iquid,  
semi-sol id  a n d  solid is no t  a lways  t rue ,  because  a f t e r  a 
f i rs t  sequence  i t  c an  excre te  e i t he r  of t h e  3 types .  

I n  n o r m a l l y  fed i nd iv idua l s  t he  fol lowing obse rva t ions  
were made.  (1) The  f r equency  of solid excre t ion  is h ighe r  
t h a n  t h a t  of t he  o t h e r  2 types .  (2) The  t o t a l  n u m b e r  of ex- 
c re t ions  in  one rep l i ca te  is a p p r o x i m a t e l y  44/h. (3) The  
m e a n  i n t e r v a l  b e t w e e n  excre t ions  is a p p r o x i m a t e l y  4 -6  
rain.  (4) The  ra t e  of exc re t ion  depends  u p o n  t he  t e m p e r a -  
t u r e  f l u c t u a t i o n  in na t u r e .  A t  35 ~ the  r a t e  was  h ighes t .  
(5) A t  35 ~ on ly  solid exc re t a  are produced .  This  is due  
to the  conse rva t i on  of water ,  ass is ted  b y  t he  c ryp to -  
neph r id i a l  s y s t e m  of t he  insec t  3. 

I n  24 h - s t a r v e d  indiv iduals ,  wh ich  become  v e r y  slug- 
gish, t h e  fol lowing obse rva t ions  were made .  (1) Only  one 
type ,  i.e. solid excre ta ,  is produced .  (2) The  n u m b e r  of 
solid excre ta  in  one rep l ica te  is a p p r o x i m a t e l y  4/h. 
(3) The  m e a n  i n t e r v a l  be tween  excre t ions  is a b o u t  13-  
16 min .  

I t  is ev iden t  t h a t  th i s  p h y t o p h a g o u s  beet le  p roduces  3 
t ypes  of exc re ta  if nor lnaI ly  fed, whereas  s t a rved  indivi-  
duals  p roduce  on ly  solid excre ta .  F u r t h e r m o r e ,  all  nor-  
ma l ly  fed i nd iv idua l s  p roduce  exc re ta  a n d  a t  a h i g h e r  r a t e  
t h a n  s t a rved  i nd iv idua l s  of wh ich  on ly  few excrete ,  p rob-  
ab ly  as a consequence  of t he  lack of food. 

Zusammen[assung. E x k r e t i o n s r a t e  u n d  Kons i s t enz  der  
E x c r e t a  n o r m a l  gef t i t te rer  u n d  h u n g e r t n d e r  I n d i v i d u e n  
des p h y t o p h a g e n  Kiifers Aulacophora 1oviecollis Lucas.  
w u r d e n  u n t e r s u e h t .  Alle n o r m a l  ge f i i t t e r t en  K~tfer pro- 
duz ie ren  Exc re t a ,  normale rweise  fltissige, ha lb fe s t e  und  
feste, be i  35~ abe r  n u r  Ieste. Die E x k r e t i o n s r a t e  ge- 
f i i t t e r t e r  K~fer  i s t  b e d e u t e n d  hCher als jene  yon  Hunge r -  
t ieren,  die e n t w e d e r  ke ine  oder  d a n n  n u r  feste Exkre -  
m e n t e  ausscheiden .  
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Flow Rate and Lipid Content of Thoracic Duct Lymph after Haemorrhage in Dogs 

D u r i n g  t he  course  of e x p e r i m e n t s  on  g raded  h a e m o r -  
rhage  in dogs, i t  was  no t iced  t h a t  a f te r  t he  loss of 45% of 
t he  blood v o l u m e  t he  thorac ic  d u c t  l y m p h  b e c a m e  in-  
c reas ingly  cloudy.  No change  was seen in t he  l y m p h  of 
dogs b led  30% of t h e i r  b lood volume.  Th i s  suggested  a 
change  in l ip id  c o n t e n t  of t h e  l y m p h  in t he  fo rmer  group.  
W e  h a v e  the re fore  m e a s u r e d  t h e  phosphol ip id ,  choles terol  
and  t r ig lycer ide  c o n c e n t r a t i o n s  in t he  thorac ic  d u c t  
l y m p h  of dogs before  a n d  a f t e r  these  two grades  of 
h a e m o r r h a g e .  

Method. Five  h e a l t h y  a d u l t  ma le  mongre l  dogs, wh ich  
h a d  been  sp lenec tomized  2 weeks  previously ,  and  wh ich  
weighed  b e t w e e n  15 a n d  20 kg, were used. Fol lowing a 
24 h fast ,  each  dog  was a n a e s t h e t i z e d  as p rev ious ly  de- 
sc r ibed  b y  FUR~EAUX 1. T he  thorac ic  d u c t  of each  dog was 
i so la ted  a t  i ts  j u n c t i o n  w i t h  t h e  j ugu l a r  ve in  and  can-  
n u l a t e d  w i t h  PVC t u b i n g  (O.D. 1.52 m m ,  I.D. 0.86 m m )  
for a d i s t ance  of 1 cm. 

The  b lood  v o l u m e  of each  dog was e s t i m a t e d  d u r i n g  an  
in i t i a l  2 h con t ro l  pe r iod  of o b s e r v a t i o n ;  t h e n  2 dogs were 
b led  30%, a n d  3 were bled 45%,  of th i s  b lood v o l u m e  v ia  
a n  a r t e r i a l  c a t h e t e r  ove r  a pe r iod  of 10 rain.  

E a c h  dog rece ived  h e p a r i n  (3 m g / k g  of b o d y  weight)  
2 h before,  a n d  aga in  1 h a f t e r  t he  haem or r hage .  L y m p h  

was col lected for  30 ra in  before  a n d  for  t h r ee  30 rain 
per iods  a f te r  t h e  haemor rhage .  The  vo lume  of each 
sample  was measured ,  0.5 ml a l iquots  were taken ,  a n d  the  
r e m a i n d e r  was  in jec ted  i.v. i n to  t he  dog. 

The  l y m p h  samples  were s tored  a t  - - 2 0 ~  u n t i l  as- 
sayed.  The  m e t h o d s  of ZILVXRSMIT a n d  DAVIS 2, VAN 
HANDEL and  ZILVERSMIT a, a n d  BROWN 4 were used to 
measu re  the  phospho l ip id ,  t r ig lycer ide  and  choles terol  
concen t ra t ions .  

Results. The  resu l t s  are s u m m a r i z e d  in Tab les  I and  II .  
I n  t h e  2 m o d e r a t e l y  bled dogs, t h e  r a t e  of l y m p h  flow 
fol lowing t he  h a e m o r r h a g e  was u n c h a n g e d  f rom the  con- 
t ro l  per iod  (see Tab le  I). Tile phospho l ip id  a n d  chole- 
s terol  c o n c e n t r a t i o n s  were also u n c h a n g e d ,  b u t  t h e  tr i-  
g lycer ide  concen t r a t i ons  fell. 
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Table I. Thoracic duct lymph lipid content and flow before and after haemorrhage 
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Phospholipid Cholesterol Triglyceride Lymph flow 
mg/100 ml rag/100 ml mg/100 nfi ml/30 min 

Dog 1 

Dog 2 

ControI 131 154 31.3 15.3 
0-3 inin 128 143 19.2 15.5 

30 60 rain 122 147 19.6 14.9 
60-90 min 136 163 19.0 15.2 
Control 123 135 33.8 14.8 

0 30 rain 132 148 12.8 15.1 
30-60 inin 124 136 15.6 14.7 
60 90 rain 116 130 12.5 15.3 

Table II. Thoracic duct lymph lipid content and flow before and after 45% blood volume haemorrhage 

Phospholipid Cholesterol Triglyceride Lymph flow 
mg/100 ml mg/100 nfl mg/100 ml ml/30 rain 

Control 126 106 10.6 15.2 
Dog l 0 30 inin 224 279 103.0 25.3 

30-60 min 169 208 10.4 16.5 
60 90 rain 126 172 4.9 15.1 
Control 128 125 366.0 14.8 

Dog 2 0-30 rain 227 222 1690.0 24.7 
30-60 inin 186 191 1060.0 17.3 
o0-90 min 155 132 O40.0 15.2 
Control 178 190 18.1 14.7 

Dog 3 0 30 rain 280 265 160.0 20.2 
30-60 rain 202 207 19.0 26.4 
60 90 rain 110 109 18.1 17.3 

T h e  r e s u l t s  in t h e  3 s e v e r e l y  b l ed  d o g s  we re  s t r i k i n g l y  
d i f f e r e n t  (Tab l e  I I ) .  I n  e a c h  d o g  t h e  r a t e  of  l y m p h  f low 
a n d  t h e  c o n c e n t r a t i o n s  of  al l  3 l ip id  f r a c t i o n s  i n c r e a s e d  
a f t e r  t h e  h a e m o r r h a g e .  T h e s e  c h a n g e s  we re  m o s t  m a r k e d  
in  t h e  s a m p l e  t a k e n  d u r i n g  t h e  30 r a in  p e r i o d  i m m e d i a t e l y  
fo l l owing  t h e  h a e m o r r h a g e .  T h e  p e a k  t r i g l y c e r i d e  con -  
c e n t r a t i o n s  we re  b e t w e e n  4 a n d  10 t i m e s  t h e  c o r r e s p o n d -  
i n g  v a l u e s  in  t h e  c o n t r o l  pe r iod .  T h e  a b s o l u t e  q u a n t i t i e s  
of  e a c h  l ip id  f r a c t i o n  in  t h e  l y m p h  we re  g r e a t l y  i n c r e a s e d  
a f t e r  t h e  h a e m o r r h a g e .  

Discussion. T h e  r e a s o n s  for  t h e  m a r k e d  c h a n g e s  in  t h e  
s e v e r e l y  b l ed  d o g s  a r e  u n c e r t a i n .  I n  t h e  n o r m a l  a n i m a l ,  
t h e  l i p o p r o t e i n s  in  l y m p h  a r e  d e r i v e d  f r o m  t h e  i n t e s t i n e  
a f t e r  t h e  i n g e s t i o n  of  fa t ,  f r o m  l ive r  s y n t h e s i s ,  a n d  f r o m  
c a p i l l a r y  loss .  I n  t h e  a n a e s t h e t i z e d ,  f a s t e d  a n i m a l ,  
MORRIS ~ f o u n d  t h a t  t h e  g r e a t e r  p r o p o r t i o n  of  t h o r a c i c  
d u c t  l y m p h  c o m e s  f r o m  t h e  l i ve r  a n d  t h e  i n t e s t i n e .  I t  is 
p o s s i b l e  t h a t  a f t e r  s e v e r e  h a e m o r r h a g e  t h e  i n c r e a s e  in  
l y m p h  f low,  a n d  in  i t s  l ip id  c o n t e n t ,  is d u e  to  a n  i n c r e a s e d  
r a t e  of  loss  f r o m  cap i l l a r i e s .  H o w e v e r ,  t h i s  m e c h a n i s m  
w o u l d  n o t  a c c o u n t  fo r  t h e  s t r i k i n g  r i se  in  t h e  t r i g l y c e r i d e  
c o n c e n t r a t i o n  d u r i n g  t h e  30 m i n  a f t e r  t h e  s e v e r e  
h a e m o r r h a g e  (Tab l e  I I ) .  

CHALMERS et  al.  6 h a v e  d e m o n s t r a t e d  a m a r k e d  fa l l  in  
t h e  r a t e  of  b lood  f low t h r o u g h  t h e  p o r t a l  v e i n  a f t e r  h a e -  
m o r r h a g e  in  t h e  r a b b i t .  I n  t h i s  l a b o r a t o r y ,  we  h a v e  ob-  
s e r v e d  s i m i l a r  c h a n g e s  in  t h e  d o g  u s i n g  t h e  s a m e  e x p e r i -  
m e n t a l  m o d e l  as  in  t h e  p r e s e n t  s t u d y .  T h u s  i t  s e e m s  
p r o b a b l e  t h a t  t h e  p r e s e n t  f i n d i n g s  a r e  a s s o c i a t e d  w i t h  a n  
a c u t e  r e d u c t i o n  in  t h e  r a t e  o f  i n t e s t i n a l  a n d  h e p a t i c  b l o o d  
f low f o l l o w i n g  loss  of  45~ of  t h e  b l ood  v o l u m e .  

S u c h  a c u t e ,  s e v e r e  c h a n g e s  in b l o o d  f low t h r o u g h  b o t h  
of  t h e s e  r e g i o n s  m a y  i n c r e a s e  t h e  r a t e  of  r e l ea se  of  t r i -  
g l y c e r i d e  as  l i p o p r o t e i n  i n to  t h e  l y m p h  - f r o m  h e p a t i c  
s y n t h e s i s ,  c a p i l l a r y  t r a n s u d a t i o n ,  o r  as  a r e s u l t  of  c e l l u l a r  
d a m a g e .  T h e  f i r s t  t w o  p o s s i b i l i t i e s  s e e m  u n l i k e l y ,  s i n c e  
s i m i l a r  b u t  less  m a r k e d  c h a n g e s  w o u l d  be  a n t i c i p a t e d  in  
t h e  m o d e r a t e l y  b l ed  a n i m a l .  T h e s e  we re  n o t  f o u n d .  W e  
t h e r e f o r e  b e l i e v e  t h a t  t h e  c h a n g e s  we re  a s s o c i a t e d  w i t h  
ce l l u l a r  d a m a g e  w i t h i n  t h e  l i ve r  o r  i n t e s t i n e .  

Zusammen/assung. Die  F l i e s s g e s c h w i n d i g k e i t  d e r  L y m -  
p h e  i m  d u c t u s  t h o r a c i c u s  u n d  d e r  G e h a l t  a n  P h o s p h o -  
l i p iden ,  C h o l e s t e r i n  u n d  T r i g l y c e r i d e n  w u r d e  v o r  u n d  
n a c h  a k u t e m  B l u t v e r l u s t  in  a n a e s t h e s i e r t e n ,  s p l e n e k t o -  
m i e r t e n  H u n d e n  b e s t i m m t .  V o r  a l l e m  n a c h  g r o s s e n  B l u t -  
v e r l u s t e n  w u r d e  e ine  s t a r k e  E r h 6 h u n g  de s  L i p i d g e h a l t e s  
d e r  L y m p h e  n a c h g e w i e s e n .  
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