
15.11. 1974 Specialia 1255 

Effect of Weight on Mosquito (Aedes aegypti L.) Feeding ~ 

A l t h o u g h  extensive i n f o r m a t i o n  is ava i l ab le  w i t h  
r ega rd  to  how mosqu i toes  feed u n d e r  var ious  cond i t ions  2, 
JoNEs a n d  PILITT* r e c e n t l y  r e p o r t e d  t h a t  h u n g r y  
females  w h e n  glued to  a p i n - h e a d  a n d  p laced  on  a h u m a n  
a r m  would  no t  t a k e  blood.  The  p r e s e n t  no t e  descr ibes  a 
new m e t h o d  for s t u d y i n g  feeding b e h a v i o u r  in  mosqu i toes  
a n d  shows t h a t  t he  ac t  of r e s t r a i n t  i tself  does no t  necessar-  
i ly  p r e v e n t  feeding.  

The  B a n g k o k  s t r a i n  of Aedes aegypti (L.) was  m a i n -  
t a i n e d  a t  80~  a n d  80 • 5% R.H.  3-day-old  f a s t ing  
females  were l i gh t ly  a n a e s t h e t i z e d  w i t h  n i t rogen  a n d  
smal l  pieces of glass or m e t a l  of k n o w n  weigh ts  were 
g lued  on to  t he  dorsa l  surface of t he  t h o r a x  or a b d o m e n ,  
us ing  e i t he r  a r u b b e r  c e m e n t  (Carter 's)  or E l m e r ' s  
'Glue-Al l ' .  Af te r  1 h t he  females  w i t h  k n o w n  weigh ts  
were p laced  in a smal l  p las t i c  cage wh ich  was i n v e r t e d  on a 
h u m a n  a r m  for 15 min,  a n d  the  n u m b e r  of females  t a k i n g  
b lood w i t h i n  t h i s  per iod  was noted . .  

W h e n  weigh ts  of 1 to  5 m g  were p laced  on  t he  t ho rax ,  
8 ou t  of 10 mosqu i toes  t ook  b lood  in 15 min,  a n d  2 l a n d e d  
on  t he  a r m  b u t  n e v e r  a t t e m p t e d  to feed. W h e n  6 to 10 m g  
we igh t s  were p laced  on  t h e  t ho r ax ,  1 ou t  of 12 females  
was able  to  t a k e  blood, whereas  t he  o the r s  were u n a b l e  to  
s t a n d  erec t  on  t h e i r  legs. T h e i r  legs were a b n o r m a l l y  
s p r e a d  a n d  t he  insec ts  e i the r  fell to  one side or were 
u n a b l e  to  l i f t  t h e  h e a d  in to  a feeding pos i t ion .  W h e n  11 
to 15 m g  we igh t s  were added  to  t he  t ho r ax ,  t he  mosqui -  
toes  s t u m b l e d  a n d  fell on  t h e i r  sides w h e n  t h e y  a t t e m p t e d  
to walk,  a n d  none  a t t e m p t e d  to  feed. "When we igh t s  were 
p laced  on  t he  a n t e r i o r  p a r t  of t he  a b d o m e n ,  t he  response  
of t he  mosqu i toes  was s t r ik ing ly  d i f fe ren t  in t h a t  all  
10 females  w i t h  1 to  5 m g  weigh ts  fed on  blood,  a n d  7 ou t  
of 10 females  w i t h  6 to  10 m g  we igh t s  fed normal ly .  
W i t h  11 to  15 m g  of we igh t s  on  a b d o m e n ,  on ly  1 ou t  of 
5 females  p ie rced  deep ly  in to  t he  skin,  b u t  she  d id  n o t  
t a k e  blood. In  all  cases where  we igh ted  females  t o o k  
blood,  t h e y  d id  so to  r ep le t ion  - to  s tage  5 on  t he  PILITT 
a n d  JoNEs ~ scale of engorgemen t .  

W h e n  m o s t  mosqu i toes  t ake  blood, i t  is n o r m a l l y  
d i s p a t c h e d  to  t h e  m i d g u t  5 To d e t e r m i n e  if we igh t ing  t h e  
female  would  a l t e r  th i s  d i s t r i bu t i on ,  we dissected  26 
we igh ted  females  wh ich  h a d  t a k e n  blood.  In  m o s t  cases, 
t h e  b lood  was found  on ly  in t h e  m i dgu t ,  b u t  in  2 mos-  
qu i toes  (which  h a d  6 to  10 m g  weigh ts  on  t he  a b d o m e n )  
b lood  was also found  in t he  2 dorsa l  d ive r t i cu lae  and  in 
t h e  crop. 

I t  is e v i d e n t  f rom our  work  t h a t  a n  ave rage  femaIe 
mosqu i to  can  pierce t he  h u m a n  skin  a n d  t a k e  a n o r m a l  
a m o u n t  of b lood while  bea r ing  on  t he  t h o r a x  an  e x t e r n a l  
we igh t  wh ich  is twice  he r  own weight .  W h e n  weigh ts  are 
p laced  on  he r  a b d o m e n ,  she can  feed w i t h  a n  e x t e r n a l  
we igh t  3 to  5 t imes  he r  own n o r m a l  b o d y  weight .  Poss ibly ,  
t he  g rea te r  to l e rance  of we igh t  on  t he  a b d o m e n  is due  to 
a sh i f t  in  t he  fu l c rum of t he  body.  H e a v i e r  we igh t s  
comple t e ly  p r e v e n t  o r i en t a t i on  of t he  proboscis  to  a 
n o r m a l  feeding angle  a n d  t h u s  m a k e  p ierc ing  impossible .  

Since JONES and  PILITT ~ were u n a b l e  to  force-feed 
p i n n e d  mosqui toes ,  we decided to  re - tes t  w h e t h e r  
r e s t r a i n t  a lone  would  i n h i b i t  feeding.  W i t h  th i s  in  
mind ,  we careful ly  glued one end  of a long h u m a n  ha i r  
to  t he  t h o r a x  of a series of 20 mosqu i toes  and  t h e  o the r  
end  in to  a glass capi l lary.  W h e n  offered a h u m a n  arm,  all 
t e t h e r e d  females  qu ick ly  landed,  p r o b e d  a n d  p ierced t he  
sk in  a n d  fed on blood to reple t ion ,  t h u s  p r o v i n g  t h a t  
r e s t r a i n t  a lone  does no t  p r e v e n t  n o r m a l  feeding.  The  
t e c h n i q u e  of g lueing a mosqu i to  to  a ha i r  al lows one to 
leash t h e  insect ,  and  t h u s  p e r m i t s  a whole  v a r i e t y  of 
s tud ies  on  i ts  b e h a v i o u r  in  genera l  u n d e r  t r u l y  con t ro l led  
condi t ions .  

Rdsumd. Les m o u s t i q u e s  femelles Aeries aegypti L., 
a lourdies  pa r  des poids  plac4s sur  lenr  t h o r a x  on leur  
a b d o m e n ,  p e u v e n t  encore  se r epa t t r e  n o r m a l e m e n t  de 
sang  h u m a i n .  Sur  le t ho rax ,  elles to l~ ren t  2 Iois le poids  
de leur  corps  et  3 h 5 lois sur  l ' a b d o m e n .  Le fa i t  d ' e t r e  
a t t ach~es  ne  r e s t r e in t  pas  leur  capac i t6  d ' a b s o r b e r  du  
sang.  E n  expose  le m o y e n  de t e n i r  des m o u s t i q u e s  en 
laisse. 
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Changes in the Concentrations of Elements  in Liver After Partial Hepatectomy 

The  r e g e n e r a t i n g  l iver  a f t e r  pa r t i a l  hepatectomy_ 
cons t i t u t e s  a c o n v e n i e n t  model  s y s t e m  for t he  s t u d y  of 
g r o w t h  control .  Such  s tud ies  are  fac i l i t a t ed  b y  t he  fac t  
t h a t  t he  l iver  has  a un i f o r m  s t ruc tu re ,  is composed  of 
r e l a t ive ly  few cell t ypes  and  undergoes  regular ,  con t ro l led  
regenera t ion .  The  fol lowing r epo r t  is concerned  w i t h  t he  
changes  wh ich  occur  in  t he  c o n c e n t r a t i o n s  of e l emen t s  
a f te r  2/a l iver  resect ion.  N e u t r o n  a c t i v a t i o n  ana lys i s  was  
used  to  de t ec t  t he  e lements .  

2VIaterials and methods. The  e x p e r i m e n t a l  an ima l s  used 
were Sp rague -Dawley  r a t s  (200 g, Mus rattus, B r u n n t h a l -  
Mfinchen) .  An ima l s  were m a i n t a i n e d  in mac ro lon  cages 
in  c l imat i sed  rooms  (21~ u n d e r  n o r m a l  cond i t ions  of 
l i gh t /da rkness .  W a t e r  a n d  food (Al t romin |  s t a n d a r d  diet)  
were ava i l ab l e  ad  l i b i t um.  Accord ing  to  a s t a n d a r d  

p rocedure  1, pa r t i a l  h e p a t e c t o m y  was car r ied  ou t  b y  
r e m o v i n g  t he  midd le  a n d  left  lobes of the  l iver  (2/, 
resect ion).  

Fo r  d e t e r m i n a t i o n  of e lements ,  t he  l ivers,  which  were 
r e m o v e d  w i t h o u t  us ing  m e t a l  i n s t r u m e n t s ,  were freeze- 
dr ied and  i r r a d i a t e d  for 1 h ( ~  = 2 • l012 n/cm-2/sec -1, 
Tr igs  M a r k  I Reac tor ,  D K F Z ,  Heidelberg) .  Na,  K, a n d  
Mn could be d i rec t ly  d e t e r m i n e d  b y  i n t e g r a t i o n  of t he  
l ines a t  1360, 1520 a n d  845 keV respect ively .  Af te r  a few 
hours ,  t he  samples  were t r e a t e d  w i t h  H 2 0 2 / H , S O  4, and  
t he  e lements ,  Na, K, P a n d  13r were r e m o v e d  us ing  a 

1 G. M. HIGGINS and R. M. ANDERSON, Arch. Path. 12, 186 (1931). 
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rapid  process based on chelate  extract ionS.  Cu and Zn 
were de te rmined  spectroscopical ly,  f rom the  511 and 440 
keV lines respect ively,  using a 40 cm 3 Ge(Li)-detector .  
The error in analysis  was less t h a n  5%. A second sampIe 
was i r radia ted  for 40 h and used for Fe de te rmina t ion  and  
for a second Zn de te rmina t ion .  

The incorpora t ion  of 3H- thymidine  (TdR) was measured  
by  in ject ion each animal  i.p. wi th  100 ~.Ci aH-TdR (spec. 
act. 25 Ci/mM) 1 h before sacrifice. A por t ion  of each liver 
was frozen in l iquid n i t rogen immed ia t e ly  af ter  removal .  
Af ter  thawing,  t he  liver samples  were homogenized  and 
al iquots  were p ipe t t ed  on to round  fi l ter  papers .  The acid- 
insoluble incorpora ted  rad ioac t iv i ty  was measured  in 
to luene scint i l la tor  using a l iquid scint i l la t ion counter  ~. 

Results and discussion. Groups of 4 female ra ts  were 
killed a f  var ious t imes  after  2/3 l iver resect ion (1/2, 1, 11/2, 
2, 3, 4, 5, 7, 10 days).  2 control  animals  were also killed 
a t  each t ime  point .  3H-TdR- incorpora t ion  and  the  

concen t ra t ions  of the  e lements  Na, K, Zn, Cu, Fe, and  
Mn were de t e rmined  as descr ibed under  methods .  The 
average values ob ta ined  are shown in Figure 1. aH-TdR 
incorpora t ion  follows the  known pa t t e rn~ :  the  maxi -  
m u m  in incorpora t ion  (DNA synthesis)  is reac ted  af ter  
24 h, and  af ter  5 days  the  incorpora t ion  has r e tu rned  
to control  values. The concen t ra t ions  of the  e lements  
Na, K, Zn and Cu were also increased af ter  pa r t i a l  
hepa tec tomy ,  the  m a x i m u m  increases being 15% for Na, 
20% for K and 100% for Zn and Cu. The e lements  Fe and 
\ I n  showed decreases in concen t ra t ion  af ter  par t ia l  
h e p a t e c t o m y  of 40 % and 30 % respect ively.  The differences 
observed be tween  t r ea t ed  and control  ra ts  (wi thout  
tak ing  account  of the  t ime  factor) and the  differences in 

2 t { .  W E S C H ,  J .  Z I M M E R E R  a n d  J. S C H U H M A C H E R ,  I n t .  J. appl. I s o t .  

21,431 (1970). 
3 ]V[. VOLM, J. ]t~ATTERN and K. WAvss, Expl. Path. 7s 84 (1972). 
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Fig. i. 3H-thymidine-(TdR)-ineorporation (per 100 mg wet weight) 
and element concentrations in partially hepateetomized (curves) 
and untreated (straight lines) rats (Sprague-Dawley, 200 g, 9). 
Average values from 4 or 2 auimals. Abscissa: days after partial 
hepatectomy. Statistical analysis: Differences between partially 
hepateetomized and untreated animals (variance analysis): K n.s., 
Na +++, Zn +, Cu +, Fe +. Time-response in partially hepatectomized 
rats (variance analysis) : K +, Na +, Zn +++, Mn +, Cu ++, Fe +. Degree of 
significance: + + +  > 99.9%; + +  > 99%; + > 95%. 
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Fig. 2. 3H-thymidine (TdR)-incorporation (per 100 mg wet weight) 
and dement concentrations (mg/g or ~g/g dry weight) in par- 
tially hepatectomized (e--Q) or sham operated (�9169 Sprague- 
Dawley rats (200 g, d*). Average values from 5 animals. Abscissa: 
h after operation. Statistical analysis: Differences between partially 
hepatectomized and sham operated animals (two-way variance 
analysis). Na +++, K ++, Zn+++, Mn+++, Cu+++, Fe++. Time response: 
Na +++, Kn.s., Zn +++, Mn +++, Cu +++, Fe++ +. Differences in time 
response between partially hepatectomized and laparotomized 
animals: Na ++, I< +++, Zn+++, M n.s., Cu ++, Fe ++. Degree of signifi- 
cance: see Figure 1. 
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t he  t e m p o r a l  response  obse rved  w i t h  p a r t i a l l y  hepa tec -  
t omized  r a t s  h a v e  been  ver i f ied  s t a t i s t i ca l ly  b y  v a r i a n c e  
analysis .  

A fu r t he r  e x p e r i m e n t  was car r ied  ou t  in order  to  answer  
t he  fol lowing ques t ions :  1. Are  t he  changes  in e l e m e n t  
concen t r a t i ons  specific for l iver  r egene ra t i on  or are t h e y  
s imply  a resu l t  of t he  ope ra t i on  i tself  ? 2. Can  t he  v e r y  
r ap id  changes  in Na  and  Zn  c o n c e n t r a t i o n  observed  a f t e r  
pa r t i a l  h e p a t e c t o m y  be  cor re la ted  w i t h  t he  increase  in 
D N A - s y n t h e s i s  (aH-TdlR i n c o r p o r a t i o n ) ?  3. Are t he  
changes  obse rved  t he  same for male  and  female  an ima l s  ? 

110 male  r a t s  were r a n d o m l y  d i s t r i b u t e d  in to  2 groups,  
of wh ich  one was pa r t i a l l y  h e p a t e c t o m i z e d  a n d  t he  o the r  
s h a m  ope ra t ed  ( laparo tomized) .  2, 4, 8, 12, 16, 20, 24, 
36, 48, 72 and  96 h a f t e r  the  opera t ion ,  5 r a t s  f rom each  
group  were ki l led a n d  t he  3H-TdR inco rpo ra t i on  and  
t he  c o n c e n t r a t i o n s  of e l ement s  were de t e rmined .  The  
ave rage  va lues  o b t a i n e d  are shown  in F igure  2. 3 H - T d R  
i n c o r p o r a t i o n  increases  sha rp ly  a f te r  16 h in pa r t i a l l y  
h e p a t e c t o m i z e d  rats ,  r each ing  i ts  m a x i m u m  a r o u n d  
24 h. No increase  in i n c o r p o r a t i o n  was obse rved  w i t h  
I a p a r o t o m ~ z e d  rats .  The  ear l ies t  change  in e l emen t  
c o n c e n t r a t i o n s  in  p a r t i a l l y  h e p a t e c t o m i z e d  ra t s  is 
obse rved  for  Na,  wh ich  reaches  a m a x i m u m  as r ap id ly  as 
4 h a f t e r  t he  opera t ion .  The  increase  in Zn c o n c e n t r a t i o n  
also precedes  t he  onse t  of DNA-syn thes i s .  I n  b o t h  cases, 
t he  increases  obse rved  in pa r t i a l l y  h e p a t e c t o m i z e d  r a t s  
are app rec i ab ly  h igher  t h a n  in the  co r r e spond ing  laparo-  
t omized  rats .  For  t h i s  reason,  t h e  e l eva ted  N a  a n d  Zn 
c o n c e n t r a t i o n s  can  on ly  be pa r t i a l l y  a t t r i b u t e d  to  a non-  
specific effect  of the  opera t ion .  I n  pa r t i cu la r ,  t h e  v e r y  
ear ly  increase  in N a  c o n c e n t r a t i o n  a f t e r  p a r t i a l  hepa-  
t e c t o m y  could be of i m p o r t a n c e  for l iver  r egenera t ion .  
This  ea r ly  increase  has  also been  r epo r t ed  b y  o the r  
a u t h o r s  ~. 
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A clear increase  in K c o n c e n t r a t i o n  be tween  the  2nd 
a n d  4 th  days  was obse rved  on ly  in p a r t i a l l y  h e p a t e c t o m i z -  
ed animals .  I n  add i t ion ,  t he  large increase  in Cu concen t r a -  
t i on  a f te r  36 h is on ly  seen in h e p a t e c t o m i z e d  rats .  
S h a m o P e r a t e d  an ima l s  showed only  a smal l  increase  in Cu 
c o n c e n t r a t i o n  du r ing  t he  f i rs t  day  a f te r  t he  opera t ion .  
The  increase  in copper  c o n c e n t r a t i o n  is t e m p o r a l l y  
cor re la ted  w i t h  the  increase  in ~H-TdR i n c o r p o r a t i o n  and  
therefore  appea r s  to  be  re la ted  to l iver  r egenera t ion .  I t  is 
n o t e w o r t h y  t h a t  in  ear l ier  i nves t iga t ions  on  var ious  
t r a n s p l a n t e d  tumours ,  we d e m o n s t r a t e d  t h a t  changes  in 
Cu c o n c e n t r a t i o n  in b lood p l a s m a  could be  Correlated w i t h  
a H - T d R  inco rpo ra t i on  in t he  t u m o u r s  5, 6. The  concen t r a -  
t i on  of Fe  in pa r t i a l l y  h e p a t e c t o m i z e d  ra t s  shows a clear  
decrease  a f te r  2 days.  A s imi la r  decrease  is obse rved  for 
Mn. However ,  in l a p a r o t o m i z e d  rats ,  t h i s  effect  is even  
more  p ronounced .  This  obse rva t i on  can  p r o b a b l y  be  
exp la ined  b y  t he  ove r l app ing  of 2 d i f fe rent  effects. D u r i n g  
l iver  r egene ra t i on  i t  could be  expec ted  t h a t  t he  2r con- 
c e n t r a t i o n  is increased.  (The mic robod ies  were more  
n u m e r o u s  in r egene ra t i ng  l iver  - a n d  Mn is loca ted  in 
the  mic robodies  7, s). However ,  owing to the  s t rong  effect  
of t he  ope ra t ion  (see F igure  2), a smal l  decrease  in M n  
c o n c e n t r a t i o n  is obse rved  r a t h e r  t h a n  t he  expec ted  
increase.  

Fo r  the  e l ement s  Mo, Co, Rb,  Se, As, Mg a n d  Cs, no 
s ign i f ican t  differences  were observed  wh ich  could be  
re la ted  specif ical ly to  pa r t i a l  h e p a t e c t o m y .  I n  addi t ion ,  no 
f u n d a m e n t a l  dif ferences  in  e l emen t  c o n c e n t r a t i o n s  could 
be  de t ec t ed  be tween  male  and  female  rats .  

Zusammen/assung. W~Lhrend der  L e b e r r e g e n e r a t i o n  
n a c h  e iner  T e i l h e p a t e k t o m i e  lassen sich m i t  der  N e u t r o n e n -  
a k t i v i e r u n g s a n a l y s e  unspez i f i sche  und  spezif ische Er-  
h 6 h u n g e n  bzw. E r n i e d r i g n n g e n  der  u n t e r s u c h t e n  Ele-  
m e n t e  nachweisen .  Spezif ische E r h 6 h u n g e n  f inden  s ich 
bei  Cu, Na, K, Zn, eine spezif ische t?;rniedrigung bei  F t .  
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L e u k o c y t e s  and  P r o s t a g l a n d i n s  in  A c u t e  I n f l a m m a t i o n  

1Since t he  i m p o r t a n c e  of p r o s t a g l a n d i n s  (PG's)  as 
m e d i a t o r s  in  acu te  i n f l a m m a t i o n  was descr ibed l-a, t he  
source of these  subs t ances  ha s  r e m a i n e d  a m a t t e r  of 
specula t ion .  Some h a v e  proposed  t he  l eukocy tes  as t he  
cells respons ib le  for t he  release of t he  i n f l a m m a t o r y  P G ' s  
( P G E  1, PGE= a n d  P G F  2 ~) because  b o t h  these  cells and  t he  
P G ' s  a p p e a r  ea r ly  in t he  i n f l a m m a t o r y  tissue, and  
the re fore  i n f l a m m a t o r y  e x u d a t e s  r ich  in leukocytes ,  
m a i n l y  p o l y m o r p h o n u c l e a r  (PMN), are o f ten  also 
r ich  in PG's~-% I n  a d d i t i o n  i t  has  been  found  t h a t  
suspens ions  of P M N - r i c h  pe r i tonea l  exuda t e s  i n c u b a t e d  
t o g e t h e r  w i t h  bac t e r i a  release P G E  2 a n d  PGF2~ in v i t ro  7. 
On t he  o the r  h a n d ,  i t  has  been  shown  t h a t  acu te  i n f l amma-  
t ions  can  be el ici ted in l eukopenic  animals ,  and  t h a t  
the re fore  t h e  release (if any)  f rom these  cells of P G ' s  
m a y  no t  be r e l e v a n t  s, b u t  - to  our  knowledge  - P G ' s  
h a v e  no t  been  measu red  du r ing  leukopenic  i n f l a m m a t i o n .  

W e  obse rved  two s y m p t o m s  of i n f l a m m a t i o n ;  nocicep-  
t i on  and  t empera tu re - r i se ,  to  a p p e a r  before  P M N  or even  

m o n o c y t e s  can  be  seen a t  t he  s i te  of i n f l a m m a t i o n  in t he  
a v i a n  mic roc rys t a l  a r t h r i t i s 9  There fore  we reasoned  t h a t  
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