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e x c e p t  for  t he  use of a d rop  of p las t i c  adhes ive  (me thy l -2 -  
c y a n o a c r y l a t e ;  E a s t m a n  910) 5 i n s t e a d  of l i ga tu re s  to  
ho ld  in  place  t h e  p las t i c  t u b e  s l ipped in to  t he  duct .  L y m p h  
was  col lec ted  for  2 successive days  f r o m  each  a n i m a l  in  
s ter i le  r ec ip ien t s  c o n t a i n i n g  H u n k ' s  so lu t i on  plus  a n t i -  
b iot ics  a n d  hepa r in ,  as sugges ted  b y  GOWANSS; samples  
f rom 6 d i f fe ren t  r a t s  were pooled,  c en t r i fuged  cell-free, 
h e a t e d  a t  56 °C for  30 ra in  a n d  used  i m m e d i a t e l y  or  s to red  
a t  -- 20 °C. Fed  a n i m a l s  were  d e c a p i t a t e d  a n d  t h e  o rgans  
i m m e d i a t e l y  r e m o v e d  a n d  p r e p a r e d  acco rd ing  to  t h e  
c o n v e n t i o n a l  t echn iques .  Tissues  were  s u s p e n d e d  in 3 ml  
of l y m p h  a n d  i n c u b a t e d  for  1 h a t  37 °C, in  air ,  in  vessels  
of a b o u t  40 ml  c a p a c i t y  w i t h  one  large  side a r m  c o n t a i n i n g  
3 ml  of a c a r b o n a t e - b i c a r b o n a t e  bu f f e r  3 ~ I  p H  10.8 a n d  
2 m l  of c a rbon i c  a n h y d r a s e  (Serva ,  Heide lberg) ,  as  de-  
sc r ibed  b y  WARBURG, GEISSLER a n d  LORENZ ~. :Readings 
of t h e  O,  u p t a k e  were t a k e n  e v e r y  10 ra in ;  a f t e r  i ncuba -  

Aerobic glycolysis and respiratory rate of normal rat tissues sus- 
pended in thoracic duct lymph 
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t ion ,  t he  lac t ic  acid c o n t e n t  of e ach  vesse l  was  deter" 
m i n e d  b y  t h e  ' l a c t a t e - t e s t '  (Boehr inger ,  TC-B  15972). All 
t h e  d a t a  were re fe r red  to  t h e  d r y  w e i g h t  of t he  t i ssues  at~d 
co r rec t ed  a c c o r d i n g  to  t h e  b l a n k s  o b t a i n e d  a t  0 t ime.  

As s h o w n  in  t h e  Tab le ,  al l  t h e  n o r m a l  t i ssues  tested 
p roduce  lac t ic  acid ae rob ica l ly  in  sp i te  of t h e i r  being 
s u s p e n d e d  in t ho rac i c  d u c t  l y m p h ;  t h a t  is, in  t he  most 
phys io log ica l  m e d i u m  so fa r  ava i lab le .  The  glycolytiC 
a c t i v i t y  is r e a s o n a b l y  w i t h i n  t h e  r a n g e  of t he  dat~ 
usua l ly  r e p o r t e d  in t h e  l i t e r a t u r e  ~ for  each  t i s sue  incu- 
b a t e d  in  a wide v a r i e t y  of sal ine m e d i a  or  b o d y  fluids. 

Therefore ,  ou r  p r e s e n t  resu l t s  are  a t  v a r i a n c e  w i t h  the 
a b o v e  m e n t i o n e d  f ind ings  of WARBURG a. On  t h e  co~" 
t r a r y ,  t he se  d a t a  f u r t h e r  s u p p o r t  t h e  genera l ly  held 
op in ion  t h a t  (1) ae rob ic  p r o d u c t i o n  of l ac t i c  ac id  by 
m a n y  n o r m a l  t i s sues  is n o t  a n  a r t i f a c t  d e p e n d e n t  on 
e x p e r i m e n t a l  v a r i a b l e s  b u t  a t r ue  b io logica l  p r o p e r t y  of 
t h e i r  own,  a n d  t h a t  (2) t h e  co r re l a t ion  b e t w e e n  aerobic 
glycolysis  a n d  m a l i g n a n c y  is no t  un iversa l .  

Riassunto. L a  p roduz ione  ae rob i c  di ac ido la t t i co  d~ 
p a r t e  di t e s su t i  n o r m a l i  di  r a t t o  n o n  v iene  r i d o t t a  0 
i n i b i t a  da l la  loro i n c u b a z i o n e  in  u n  mezzo  fisiologico quale 
la  l in fa  di  d o t t o  toracico.  

Brain white matter + 0.16 -- 5.73 
Diaphragm + 0.25 -- 1.55 
Liver + 0.29 -- 5.13 
Mucous membrane (jejunum) + 0.96 -- 1.94 
Kidney cortex + 1.14 -- 10.17 
Testicle + 1.39 - - . 6 . 30  
Spleen + 2.08 -- 6.84 
Nidney medulla + 2.48 -- 6.68 
Brain eort6x + 3.00 -- 5.76 
Uterus(gravid) + 3.50 -- 1.34 
Amnion + 8.40 -- 5.96 
Retina + 22.35 -- 7.19 
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E x p e r i m e n t s  of  i n  v i t r o  C u l t u r e s  o f  L a r v a l  E p i -  

d e r m  of  D e s e r t  L o c u s t  ( S c h i s t o c e r c a  
gregarla F o r s k )  

T h e  di f f icul t ies  in  t h e  in  v i t ro  cu l tu re  of t i s sues  a n d  
o rgans  of insec ts  de r ive  m a i n l y  f rom (a) t h e  v e r y  l imi ted  
knowledge  of the  compos i t i on  of t he  insec t  fluids,  a n d  
(b) t he  fac t  t h a t  t he  a c t i v i t y  of a l m o s t  a l l  t h e  cells of in-  
sects  are u n d e r  h o r m o n a l  con t ro l  1-3. T he  f i rs t  d i f f i cu l ty  
is b e g i n n i n g  to  be  overcome,  a n d  m e d i a  are p roposed  for  
cell cu l tu re s  of d i f fe ren t  orders  of insec ts  w h i c h  a l low 
d e v e l o p m e n t  of cell l ineages  of f i b rob l a s t s  4. 

As for  o rgans  a n d  t issues,  on ly  g o n a d  m a t u r a t i o n  seems 
to  be  o u t  of t he  h o r m o n a l  cont ro l ,  a n d  t h e  d i f f e r en t i a t i ons  
of t e s t e s  a n d  ovar ies  were  o b t a i n e d  in v i t r o L  Howeve r ,  
in o rde r  to  i nves t i ga t e  t h e  h o r m o n a l  con t r o l  of m o r p h o -  
genesis,  t i ssues  w h i c h  are  s t r i c t l y  u n d e r  h o r m o n a l  cont ro l ,  
such  as e p i d e r m  6, a p p e a r  to  be  m u c h  more  i n t e r e s t i n g  
w h e n  c u l t i v a t e d  in  vi t ro .  

I n  v i t ro  cu l tu res  of t e g u m e n t  of dese r t  locus t  (Schisto- 
cerca gregaria Forsk)  l a rvae  were t r ied,  a n d  t h e  resu l t s  of 
these  e x p e r i m e n t s  are r epo r t ed  here.  Tes ts  c o n d u c t e d  in 
t h i s  l a b o r a t o r y  on  t he  sa l ine  so lu t ion  p roposed  b y  HOYLE 7 
showed  t h a t  i t  was  c a p a b l e  of m a i n t a i n i n g  e m b r y o s  a n d  
e m b r y o n i c  t i ssues  of locus t  a l ive  for  a long  t i m e ;  the re fo re  

i t  was  used  t h r o u g h o u t  these  expe r imen t s .  O t h e r  experi-  
m e n t s  on  t h e  in v i t ro  d e v e l o p m e n t  of e m b r y o s  of S. gre- 
gafia w i t h o u t  y o l k  sugges t ed  to  us  t h e  fo l lowing mediur~,  
w h i c h  seems  s u i t a b l e  als0 for  t h e  cu l tu re  of ep ide rmal  
cells:  100 m l  of HOYLE'S sa l ine  (KC1 0.075 g;  NaC12 0.75 g; 
MgC12 0.041 g; NaKCO~ 0.034 g; N a H ~ P O  4 0.083 g; 
d is t i l led  w a t e r  100 ml) ;  glucose 0.1 g; t r eha lose  0.1 g; 
l a c t a l b u m i n e  h y d r o l y s a t e  1 g; locus t  h e m o l y m p h  10 rnl; 
a n d  locust  e m b r y o  e x t r a c t  10 ml.  H e m o l y m p h  was h e a t e d  
a t  60 °C for 5 rain,  cen t r i fuged ,  a n d  t h e  c lear  s u p e r n a t a n t  
used.  E m b r y o  e x t r a c t  was  o b t a i n e d  f r o m  eggs a f t e r  8 
days  of i n c u b a t i o n ,  h o m o g e n a t e d ,  c en t r i f uged  a t  20,000 g 
for  30 min ,  a n d  t h e  c lear  s u p e r n a t a n t  used.  Media  sup- 
p l e m e n t e d  w i t h  an t i b io t i c s  were  s ter i l ized  b y  f i l t r a t ion  
before  use. 
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In the  med ium descr ibed above,  bu t  w i thou t  e m b r y o  
extract, t e g u m e n t  su rv ived  in v i t ro  only  up to 4 days  in 
good Conditions, as can  be judged  by  microscopic exami-  
nation; in comple te  med ium,  wi th  embryo  extracts ,  ex- 
dP~n.ts: of t e g u m e n t  r emained  in good condi t ion  up to  12 

Y . However ,  the  d e v e l o p m e n t  in v i t ro  of the  ep iderm 
depends grea t ly  upon  the  stages of the  moul t ing  cycle 
when the tissue is explan ted .  W i t h i n  an  instar ,  be tween  
one moul t  and the  n e x t  one, ep idermal  cells undergo  in 
vivo the fol lowing cycle:  (1) endocut ic le  fo rmat ion  is 
corapleted, (2) ep idermal  cells mul t ip ly ,  (3) new exocut icle  
is secreted, (4) the  old endocut ic le  is digested,  and (5) new 
endocuticle begins to be formed.  F ina l ly  ecdysis occurs. 
These processes were t imed  dur ing  la rva l  d e v e l o p m e n t  in 
Locusts migratoria by  STRICH-HALBWACHS s, and this  
tin~ng corresponds a lmos t  exac t ly  to t h a t  for S. gregaria. 

ragments  of abdomina l  s terna  corresponding to 1 or 2 
segments, were exp lan ted  in 0.5 ml  of  t he  media  de- 
SCribed a t  d i f ferent  t imes  of the  moul t ing  cycle, in s top- 
pered tubes,  and incuba ted  a t  30 °C. In  a typ ica l  exper i -  
ment, one segment  of each an imal  was f ixed and examined  
as soon as severdd, the  o thers  were pu t  in cul ture  for dif- 
ferent lengths of t i m e  up to 8 and 12 days  and f ixed a t  
various intervals .  In  this  w a y  i t  was possible to  know the  
Stage of the  moul t ing  cycle of the  ep idermal  cell  a t  the  

m o m e n t  of expla.nting and to  follow the  changes  occurr ing  
in cul ture  of the  t issue t aken  f rom the  same larva.  Seg- 
ments  were  t aken  f rom larvae  of the  4th and 5th ins tars  
(a) before the  onset  of mul t ip l ica t ion  of ep idermal  cells, 
(b) dur ing  the  peak  of mitosis,  and  (c) a f te r  cell  mul t ip l i -  
cation.  The  stages (a), (b) and (c) of the  moul t ing  cycle 
obv ious ly  occur  a t  d i f ferent  t imes  be tween  the  moul t s  in 
the  4 and 5 ins tar  larvae.  

In  explan ts  p u t  in cul ture  before the  onset  of mitosis,  
the  peaks  of mitosis  were never  observed in v i t ro ;  few 
mitoses  were observed in explan ts  cu l tured  in comple te  
m e d i u m  (Figures  1 and  2). E v e n  af te r  12 days,  as i t  ap-  
peared on microscopic  examina t ion ,  ep idermal  ceils re- 
ma ined  in good condit ion,  and  a s l ight  th ickening  of 
endocut ic le  was observed a t  2-3 days  of culture.  A wide 
cell degenera t ion  occurred af te r  a few days  of cul ture  in 
explan ts  of abdomina l  segments  t aken  f rom the  la rvae  
dur ing  t h e  peak  of mitoses  of  ep idermal  cells. I n  t he  me- 
d ium wi thou t  embryo  ex t rac t ,  cell  degenera t ion  occurred 
af te r  24 h ;  in t h e  m e d i u m  wi th  e m b r y o  ex t rac t ,  de- 
genera t ion  appeared  a few days  la ter ;  and in bo th  cases, 
i t  seems t h a t  mitosis  did no t  proceed th rough  anaphase.  

B M.C. STRICIt-HALBWACHS, Annls Sci. nat. 12 e s6rie, p. 483 (1959). 

~i g ' l :  Epidermal cells of an abdominal sternum of a 4th instar larva 
X~ea soon after the moult; all the cells are in interphase. Fixed with 

Dubosq-Brazil and stained with hemallum. 

Fig. 3. Section of tegument of abdominal sternum of a 4th instar 
larva fixed 4 days after the moult. Fixed with Dubosq-Brazil and 

stained by the Azan-Mallory method. 

~ g. 2. l~pidermal cells of an abdominal sternum of the same larva 
hh _~a Figure 1, after 3 days of culture in complete medium. A meta- 
v USe is visible Fixed with Dubosq-Brazil and stained with hemal- 

lum. 

Fig. 4. Section of tegument of an abdominal sternum of the same 
larva as in Figure 3, fixed after 4 days of culture. New cuticle is 
clearly visible. Fixed with Dubosq-Brazil, and stained by the Azan- 

Mallory method. 
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Tegument, after the multiplications of the epidermal 
cells, was kept  in vitro up to 12 days without signs of 
degeneration, and this was also found in the poorer 
medium (without embryo extract), Moreover, in explants 
of abdominal segments of 4 instar laxvae, new cuticle 
(eso- and andocuticle) was found to be formed in vi tro 
with lysis of the old endocuticle. The synthesis of the new 
cuticle occurs in the first 1-2 days of culture but  thicken- 
ing of the cuticle, as in vivo, was not observed after 8 
days of culture (Figures 3 and 4). 

The results of the described experiments emphasize the 
statements reported above about the difficulties of the 
in vi tro culture of insect tissue, i.e. the need for improved 
media and the importance of hormonal  control. For locust 
tissues, the medium tested in these experiments appears 
to be a relatively good one, mainly because of the addition 
of extract  of locust embryos. However, multiplication of 
ep idermal  cells was not sustained, and it is difficult to 
discriminate whether some chemical compounds or hor- 
mones are lacking. 

A result worthwile mentioning is the synthesis of new 
cuticle obtained in vitro by the culturing tegument  of the 
4th instar larvae taken after the multiplication of epider- 
mal cells. At this stage of the moulting cycle, epidermal 

cells have either received hormonal "inforraation', or 
synthesis of new cuticle by the cells after multiplicatio~ 
is out  of hormone control. 

Riassunto. Negli espianti presi prima della moltiplic~" 
zione delle cellule epidermiche non si ~ avuto in vivo il 
picco di mitosi, ma solo ispessimento detl'endocuticota; 
nei f rammenti  espiantati  al momento del picco detle 
mitosi si ha dopo alcuni giorni degenerazione delle cellule 
epidermiche; negli espianti di tegumento messi in coltura 
dopo la moltiplicazione delle cellule epidermiche si ~ otte- 
nuta  in vitro la sintesi della nuova cuticola (eso- ed end o° 
cuticola). 
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E f f e c t  of  H i s t a m i n e  o n  S i n o a t r i a l  N o d e  C e l l s  of  

R a b b i t  H e a r t  

I t  has been shown tha t  histamine stimulates the iso- 
lated atria of rabbit  1 and guinea-pig 2. Good pharmaco- 
logical evidence assigns to histamine a direct cardiac 
effect not  mediated through release of adrenergic sub- 
stances ~-*. Moreover, histamine initiates automatic ac- 
t iv i ty  in rabbit  6 and guinea-pig 6 isolated left atrium. 
Transmembrane potentials from non-pace-maker cells 
have been recorded during histamine t reatment  of rabbit  
atria L 

The present study was undertaken to investigate the 
effects of histamine on cardiac automaticity,  by directly 
studying its action on the pace-maker cells of rabbit  sino- 
atrial node. Rabbits  of either sex weighing approximately 
1.5 kg were killed by cervical dislocation. Their hearts 
were removed immediately, and the right atria excised, 
opened and mounted horizontally in a thermostatically 
controlled perspex chamber. The preparation was bathed 
in a continuously-flowing pre-warmed Tyrode solution 
(30°C), through which 95% O~ and 5% CO 2 (pH 7.2) was 
bubbled. 

Glass microelectrodes (0.5/~ diameter, 10-20 megohms) 
filled with 3.0M KC1, and flexibly mounted, were directly 
connected to the input  grid of a feed-back cathode fol- 
lower. A unipolar electrode was also used in the experi- 
ments in order to record extracellularly from the atrial 
roof. Extracellular  and intracellular recordings were dis- 
played on a Tektronix 502 double beam oscilloscope. 
Photographs were taken with a Grass C4-K camera. 
Histamine (histamine dihydrochloride, Roche) was dis- 
solved in the perfusion fluid and used for periods of 10 min 
at  a concentration o~ I0 -e g/ml, expressed as the salt. The 
rabbit  sinoatrial node area was identified by the recorded 
pace-maker potentials, which showed an appreciable di- 
astolic depolarization and preceded muscular excitation 
by 10-30 msec. The photographic records were enlarged 
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Effect of histamine 10 -~ g/ml on sinoatrial node cells of rabbit 
heart: (A) control; (B) during histamine treatment. Upper tracings: 
extracellular recordings (retouched). Lower tracings: intracellula~ 

recordings. 
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