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Total dose Arterial blood Mixed venous blood 
of DNP 
(mg/kg) pH pCO~ pO 2 pH pCOe pO~ 

0 (control) 7.44 t 0.05 26.5 • 4.2 81.9 4- 6.9 7.40 4- 0.07 33.7 4- 6.4 42.0 i 4.7 
5 7.48 -4- 0.04 24.3 4- 2.8 83.1 ~ 10.7 7.43 4- 0.04 30.0 4- 4.5 37.5 4-4- 6.0 

10 7.50 4- 0.05 21.8 • 2.9* 80.9 4- 9.0 7.45 4- 0.03* 28.6 4- 4.8* 31.8 ~ 5.0*** 
15 7.52 • 0.06* 21.0 4- 1.6" 80.9 4- 4.5 7.44 ~ 0.05 28.3 ~ 3.0* 27.7 4- 4.2*** 
20 7.51 • 0.03** 19.6 4- 2.3*** 79.4 • 14.4 7.44 4- 0.05 27.0 4- 4.4* 26.2 4- 4.5*** 

Statistical significance of changes from cont.rol by unpaired Student's t-test: *0.90 < p < 0.95; **0.95 < p < 0.99; *** p > 0.99. 

Tile effect  of t he  drug  in jec t ions  was found  to  be cum-  
mula t ive .  Resul t s  are shown in tile table .  
Lung  ven t i l a t ion  was  no t  measured  quan t i t a t i ve ly ,  b u t  a 
d ras t i c  rise in b o t h  t ida l  volume and b rea th ing  f r equency  
was  ev iden t  in every  case. Rises in b o d y  (rectal) t e m -  
pe r a tu r e  were  min imized  by  t r a c h e o t o m y  and  never  ex- 
ceeded 1-1.5~ (means:  37~ 4- 0.8 SD a t  the  beginning,  
a n d  38.2~ • 0.6 SD a t  t he  end of exper iments ) .  Mean 
ar ter ia l  b lood pressure  did no t  change.  
Changes,  observed  in ar ter ia l  and  mixed  venous  blood 
compos i t ion  sugges t  t h a t  in the  case of D N P - i n d u c e d  
v e n t i l a t o r y  rise ne i the r  CO s nor  p H  is a r e sp i r a to ry  
s t imulus .  Gradual  decrease in ar ter ia l  PCO 2 accompan ied  
b y  r e sp i ra to ry  alkalosis were observed.  Mixed venous  
PCO 2 and  p H  changes  followed t h a t  of ar ter ia l  PCO 2 and  
pH.  Arter ia l  and  mixed  venous  h y p o c a p n i a  could be 
exp la ined  b y  a sh i f t  in r e sp i r a to ry  quo t i en t ;  i t  is also 
possible  t h a t  increase in cardiac ou tpu t ,  which  follows 
D N P  infusions 6, t oge the r  wi th  increased lung vent i la t ion ,  
would  favour  CO s diffusion in lungs, because  of subs tan -  
t ia l  difference in diffusibi l i ty  of CO s and  0 3 across 
a lveolar  wails ~. 
I f  pe rhaps  CO s is more  eff ic ient ly  r emoved  f rom blood 
t h a n  o x y g e n  is dissolved, the  possible mechan i sm m i g h t  

be suggested,  which  dr ives  resp i ra t ion  to  assure adequa te  
supp ly  of oxygen  to the  t issues r a t h e r  t h a n  to  stabil ize 
ar ter ia l  PCO v Therefore,  in the  condi t ion  of D N P -  
induced  hype rme tabo l i sm,  the  role of ca rbon  dioxide in 
t he  resp i ra to ry  contro l  would  be of no essent ia l  impor-  
tance.  B o t h  increase in cardiac  o u t p u t  and  lung vent i la -  
t ion were recen t ly  shown by  Liang  and Hood*  to be 
re la ted  to  mucsle  af ferents  s t imula t ion ,  resul t ing  f rom 
D N P  action.  On the  basis  of those  resul ts  i t  seems likely 
t h a t  muscle  recep tors  p lay  a subs tan t i a l  role in t he  
ven t i l a to ry  response  to  D N P .  I t  is, however ,  unce r t a in  
w h e t h e r  illcrease in lung ven t i l a t ion  is d i rec t ly  re la ted  to 
t he  metabol ic ,  i.e. chemical  s t imulus,  or resul ts  f rom an 
increase in cardiac  o u t p u t  9. I f  the re  is also an addi t iona l  
s t imula t ion  of vent i la t ion ,  re la ted  to  blood gas conten t ,  
decrease in venous  oxygen  would be the  only  s t imulus.  

6 C. S. Liang and W. B. Hood, J. clin. Invest. 52, 2283 (1973). 
7 j .  H. Comroe, in: Physiology of Respiration. Chicago, p. 140. 

Year Book Medical Publishers, Inc. 1965. 
8 C. S. Liang and W. B. Hood, Circulation Res. 38, 209 (1976). 
9 K. Wasserman, B. J. Whipp and J. Castagna, J. appl. Physiol. 

36, 457 (1974). 

P e r i t o n e a l  d ia lys i s  in s m a l l  l a b o r a t o r y  a n i m a l s  1 
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Summary. H e a l t h y  ra ts  and  guinea-pigs were t r ea t ed  wi th  a s imple m e t h o d  of con t inuous  per i tonea l  dialysis for 12, 
24 and 48 h. Increas ing  wi th  t ime,  b o t h  an imal  species developed severe h y p o p ro t e i n emi a  and  h e m o c o n c e n t r a t i o n  due  
to  p ro te in  loss in to  t he  d ia lyzate  fluid. These changes  were associa ted wi th  a h igh  m o r t a l i t y  rate ,  when  S te ro fund in  | 
was  used for dialysis.  Therefore ,  p ro te in  loss should be subs t i t u t ed  and  the  t y p e  of d ia lyza te  m u s t  be considered in 
expe r imen ta l  l ong- t e rm dialysis using these  smal l  l abora to ry  animals .  

Pe r i tonea l  dialysis is wide ly  used in t he  t r e a t m e n t  of 
rena l  and  non- rena l  diseases in man.  As an imal  exper i -  
m e n t s  were  r epo r t ed  only  in dogs 4, 5 and  rabb i t s  6 re- 
qui r ing  diff icult  opera t ive  procedures ,  a s imple  exper i -  
men t a l  model  was developed for small  l abo ra to ry  ani- 
ma l sL  Our expe r imen t s  show t h a t  pro longed per i tonea l  
dialysis  in these  animals  is associa ted  wi th  considerable  
p ro te in  loss requi r ing  subs t i t u t ion  in long- t e rm exper i -  
ments .  
Material and methods. Per i tonea l  dialysis was carr ied ou t  
in 101 male  W i s t a r  ra t s  (180-250 g) and 25 guinea-pigs  
(240-320 g). Opera t ive  p rocedure  is descr ibed else- 
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Table 1. Serum protein and hematoerit of rats, guinea-pigs and patients with chronic renal insufficiency after different intervals of peritoneal 
dialysis with Sterofundin | and Peritosteril HK | 

Controls Dialyzate Peritoneal dialysis 
x 4- SD (n) fluid 12 h 24 h 48 h 

x 4- SO (n) x _~ SD (n) x • SD (n) 

Guinea-pig Serum protein (g/dl) 5.3 4- 0.3 Sterofundin | 4.3 4- 0.7** 4.6 4- 0.5*** 3.1 4- 0.2* 
(9) (7) (5) (5) 

Hematocrit (%) 39.7 4- 2.6 40.9 4- 4.7 57.9 4- 6.9* 61.6 4- 3.8* 
(10) (7) (6) (4) 

Rats Serum protein (g/dl) 6.6 4- 0.5 Sterofundin | 4.6 4- 0.4* 4.0 4- 0.4* 3.5 4- 0.5* 
(33) (15) (13) (7) 

Hematoerit (%) 43.1 -t- 3.5 48.1 4- 4.3** 42.0 4- 5.6 56.3 4- 7.0* 
(15) (15) (14) (10) 

Serum protein (g/dl) 6.6 4- 0.5 Peritosteril HK | - 5.7 • 0.6* 3.8 4- 0.6* 
(33) (12) (18) 

Hematocrit (%) 43.1 • 3.5 - 48.0 4- 3.6** 46.2 4- 7.0 
(15) (11) (19) 

Patients (12) Serum protein (g/dl) 6.2 4- 0.9 + Peritosteril HK | - 6.5 • 1.0 - 
Hematoerit (%) 26.7 4- 4.0 + - 28.2 4- 4.0 - 

+ ,  before peritoneal dialysis; *, p < 0.001; **, p < 0.005; ***, p < 0.01 versus controls. 

w h e r e L  Brief ly,  a p o l y e t h y l e n e  c a t h e t e r  is ca re fu l ly  
i n se r t ed  u n d e r  e t h e r  a n e s t h e s i a  t h r o u g h  a need le  p u s h e d  
s.c. f r om the  n e c k  in to  t h e  l a t e r a l  p a r t  of t h e  a b d o m i n a l  
cav i ty .  A smal l  s i l icone cuff  p laced  b e n e a t h  t h e  pe r i t o -  
n e u m  p r e v e n t s  w i t h d r a w a l  of t h e  i n t r a - a b d o m i n a l  p a r t  
of t h e  c a t h e t e r  w h i c h  carr ies  6 -8  l a t e ra l  pe r fo ra t ions .  
C o n t i n u o u s  p e r i t o n e a l  d ia lys is  was  p e r f o r m e d  w i t h  Stero-  
f u n d i n  | (t3. B r a u n ,  Melsungen,  F e d e r a l  Repub l i c  of 
G e r m a n y )  a n d  Pe r i to s t e r i l  H K  | (E. F resen ius  KG,  B a d  
H o m b u r g  v .d .H. ,  Fede r a l  Repub l i c  of G e r m a n y )  b y  
i n j ec t i on  of 15 ml  a t  30 m i n  i n t e r v a l s  up  to 48 h. Stero-  
f u n d i n  | c o n t a i n s  Na+ 140 mval/1,  K+ 4 mval/1,  Ca++ 
5 mval/1,  Mg ++ 2 mval/1,  CI-  106 mval/1,  L a c t a t e  45 
mval /1 ;  p H  5.9, 315 mosm/1. Pe r i to s t e r i l  H K  | con t a in s  
N a  + 127 mval/1,  K + 4 mval/1,  Ca ++ 2.6 mval/1,  Mg ++ 
1 mval/1,  CI-  99.6 mval/1,  a ce t a t e  35 mval/1,  so rb i t  20 g/ l ;  
p H  6.8, 377 mosm/1. D u r i n g  p e r i t o n e a l  dialysis,  t h e  ani -  
ma l s  were a l e r t  a n d  m o v e d  a r o u n d  freely in t h e i r  cages. 
F o r  c o m p a r i s o n  w i t h  t h e  a n i m a l  expe r imen t s ,  s e rum 
p r o t e i n  a n d  h e m a t o c r i t s  were  m e a s u r e d  in 12 p a t i e n t s  
w i t h  chron ic  r ena l  fa i lure  before  a n d  a f t e r  p e r i t o n e a l  
d ia lys is  for  24 h. S e r u m  p r o t e i n  was m e a s u r e d  b y  t h e  
B i u r e t  m e t h o d  8 a n d  h e m a t o c r i t s  in  hepa r i n i zed  cap i l l a ry  
tubes .  S e r u m  e lec t rophores i s  was  p e r f o r m e d  accord ing  to  
K o h n  ~. F o r  s t a t i s t i ca l  ana lys i s  t he  t - t e s t  was  used. 
Results. Using  S t e r o f u n d i n  | t h e r e  was a r ecove ry  of t he  
a d m i n i s t e r e d  f lu id  of 99.2 • 4.4~ in guinea-p igs  (n = 24) 
a n d  of 95.0 • 6 .6% in  r a t s  (n = 68) a f t e r  12 h p e r i t o n e a l  
dialysis .  W h e n  Pe r i to s t e r i l  H K  | was  appl ied  the  r ecove ry  
was  103.7 4- 2 .9% (n = 32). 

D u r i n g  S te rofundin |  t h e r e  was a h e m o c o n c e n -  
t r a t i o n  up  to  61.6~o in  guinea-p igs  a n d  56.3o/0 in r a t s  
a f t e r  48 h. H e m o c o n e e n t r a t i o n  was less w h e n  Pe r i to s t e r i l  
H K  | was  used ( table  1). S e r u m  p r o t e i n  levels dec reased  
to  53-58~ of con t ro l s  a f t e r  48 h of p e r i t o n e a l  d ia lys is  
( tab le  1). P r o t e i n  loss in  t h e  S t e ro fund in |  was  
o b v i o u s l y  more  severe  t h a n  was re f lec ted  b y  t he  decrease  
in s e rum p ro t e in  levels, s ince i t  was  p a r t i a l l y  h i d d e n  b y  
m a r k e d  h e m o c o n c e n t r a t i o n .  Af te r  12 h, a l b u m i n  was 
r educed  b y  50% a n d  g lobul ins  b y  18%, c o m p a r e d  w i t h  
normals .  W h e n  S t e ro fund in  | was  used, m o r t a l i t y  r a t e  
was  44 .4% in guinea-pigs  a n d  53 .8% in r a t s  a f te r  48 h of 
p e r i t o n e a l  dia lysis  ( tab le  2). No a n i m a l  died d u r i n g  
dia lysis  w i t h  Pe r i to s t e r i l  H K  | up  to 48 h. 
I n  c o n t r a s t  to  guinea-pigs  a n d  ra ts ,  p a t i e n t s  w i t h  chronic  
r ena l  fa i lure  d ia lysed  w i t h  Pe r i to s t e r i l  H K  | showed  no 
changes  of s e r u m  p ro t e in  and  h e m a t o c r i t  ( tab le  1). 
Discussion. P r o t e i n  loss w i t h  t h e  d i a lyza te  f luid is k n o w n  
in p e r i t o n e a l  dia lysis  in  m a n  1~ Yet ,  in  p a t i e n t s  w i t h  
chron ic  r ena l  fa i lure  we could  n o t  obse rve  changes  in 
s e r u m  p ro t e in  va lues  and  h e m a t o c r i t  a f t e r  24 h of pe r i to -  
nea l  dialysis.  I n  con t ras t ,  r a t s  and  guinea-p igs  deve loped  
severe h y p o p r o t e i n e m i a  d u r i n g  p e r i t o n e a l  dia lysis  for 
24-48 h. O r i e n t a t i n g  e s t i m a t i o n s  of p r o t e i n  c o n t e n t  in  t he  

8 T.E.  Weichselbaum, Am. J. clin. Path. 10, 40 (1946). 
9 J. Kohn, ArztI. Lab. 10, 233 and 269 (1964). 
10 R.A. Palmer, J. E. Newell, E. J. Gray and W. E. Quinton, 

New Engl. J. Med. 27d, 248 (1966). 

Table 2. Mortality rate of rats and guinea-pigs during continuous peritoneal dialysis for 12, 24 and 48 h with Sterofundin | and Peritosteril 

HK| 

Species Dialyzate fluid Peritoneal dialysis 
12 h 24 h 48 h 

Guinea-pigs Sterofundin | 2/25 (8%) 3/17 (18%) 
Rats Sterofundin | 1/69 (1%) 1/48 (2%) 
Rats Peritosteril FIN | 0/32 (-) 0/32 (-) 

4/9 (44%) 
14/26 (54%) 
0/20 (-) 
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e f f luen t  d i a lyza te  f luid show t h a t  t h i s  is m a i n l y  due  to  a 
h i g h  p r o t e i n  loss i n to  t he  p e r i t o n e a l  cav i ty ,  wh ich  ob-  
v ious ly  c a n n o t  be  c o m p e n s a t e d  b y  de novo  syn thes i s .  
T h e  reason  for  t h e  h i g h  p r o t e i n  leakage  in these  smal l  
l a b o r a t o r y  an ima l s  is n o t  known .  I t  is sugges t ive  t h a t  t h e  
h i g h  m o r t a l i t y  r a t e  a f t e r  48 h of d ia lys is  w i t h  Stero-  
f u n d i n  | m a y  be  c o n n e c t e d  w i t h  t h e  h y p o p r o t e i n e m i a .  
Yet ,  48 h a f t e r  dia lysis  w i t h  Pe r i tos t e r i l  t-IK | no  an ima l s  
h a d  died, a l t h o u g h  s e r u m  p r o t e i n  was  r educed  to  a s imi la r  
degree. There fo re  t h e  p rope r t i e s  of t h e  d i a lyza t e  f luid 
seem to  be  essen t ia l  for surv iva l .  T h e  compos i t i on  of 
S t e ro fund in  | a n d  Pe r i to s t e r i l  H K  | differ  in  m a n y  re- 
spec ts  inc lud ing  c o n c e n t r a t i o n  of ca t ions  a n d  types  of 
an ions  as well  as p H - v a l u e s  a n d  osmola r i ty .  A t  p r e s e n t  i t  
is a m a t t e r  of specu la t i on  wh ich  p a r a m e t e r s  m a y  be  m o s t  
i m p o r t a n t  in  r ega rd  to  t h e  m o r t a l i t y  ra te .  

I t  c an  be  conc luded  f rom ou r  e x p e r i m e n t s  t h a t  d i a lyza te  
f luids of t he  t y p e  of Pe r i tos t e r i l  H K  | shou ld  be  used for  
c o n t i n u o u s  dia lysis  in  e x p e r i m e n t a l  s tud ies  w i t h  r a t s  a n d  

, guinea-pigs ,  a n d  t h a t  p r o t e i n  m u s t  be  rep laced  d u r i n g  
l o n g - t e r m  t r e a t m e n t  to  avo id  h y p o p r o t e i n e m i a  a n d  h e m o -  
c o n c e n t r a t i o n .  
U n d e r  these  c i rcumstances ,  t h e  m e t h o d  descr ibed  is a 
s imple,  qu i ck  a n d  cheap  t e c h n i q u e  for  p e r i t o n e a  ! d ia lys is  
in  sma l l  l a b o r a t o r y  animals .  I t  was  successful ly  used  in 
t h e  t r e a t m e n t  of e x p e r i m e n t a l  a cu t e  p a n c r e a t i t i s  in  more  
t h a n  300 r a t s  11. 

11 P.G. Lankisch, H. Koop, K. Winekler and H. Schmidt, Biol. 
Gastroenterol. 8, 351 (1975). 

Changes  in gas tro - in tes t ina l  serotonin  content  assoc ia ted  with  fast ing  and sat iat ion 

G. Biggio, M. P. Piccardi ,  M. L. P o r c e d d u  a n d  G. L. Gessa  

Institute of Pharmacology, University o/Cagliari, via Porcell d, 1-09100 Cagliari (Italy), 20 December 1976 

Summary. R a t s  fas ted  for  24 h were fed for 3 h, a f t e r  w h i c h  t i m e  food was r emoved .  Food  i n t a k e  decreased  s e ro ton in  
levels in  t h e  s t o m a c h  a n d  d u o d e n u m  b y  30 a n d  40%,  respect ive ly .  These  changes  pe rs i s t ed  for  a b o u t  3 h. Food  i n t a k e  
did  n o t  c h a n g e  t r y p t o p h a n  c o n t e n t  in  t he  s tomach ,  while,  in  t he  d u o d e n u m ,  t r y p t o p h a n  level  rose b y  100% a t  t he  end  
of t he  feeding per iod  a n d  r e m a i n e d  e l eva t ed  for a b o u t  9 h.  

H i g h  c o n c e n t r a t i o n s  of s e ro ton in  (5-HT) are p r e s e n t  in  
t he  g a s t r o - i n t e s t i n a l  t r a c t  of a l l  v e r t e b r a t e s .  Th i s  a m i n e  
is m a i n l y  local ized in t i le  en t e roc t l romaf f in  cell s y s t e m  of 
t he  m u c o s a  1, 3, a l t h o u g h  smal l  c o n c e n t r a t i o n s  h a v e  been  
found  also in t he  i n t r a m u r a l  n e r v o u s  s y s t e m  of t he  gas t ro-  
i n t e s t i n a l  t r a c t  ~, 4. I t  h a s  been  sugges ted  t h a t  5 -HT has  a 
s t i m u l a t i n g  ac t ion  on  ga s t ro - in t e s t i na l  m o t i l i t y  and,  
therefore ,  t h a t  t h i s  m o n o a m i n e  m i g h t  f u n c t i o n  in t h e  
m o d u l a t i o n  of t he  pe r i s t a l t i c  ref lexS-L Modi f ica t ions  in  
t h e  level  of th i s  m o n o a m i n e  h a v e  been  o b t a i n e d  w i t h  t h e  
use of d ie ts  free f rom,  or l ack ing  in, t r y p t o p h a n S ,  9, b y  
mod i fy ing  t he  n o r m a l  i n t e s t i n a l  f lora 10,11, or  b y  admin i s -  
t e r i n g  d rugs  ac t ing  on m o n o a m i n e  m e t a b o l i s m  12,13. 
Th i s  r e p o r t  shows t h a t  ga s t ro - in t e s t i na l  5 -HT c o n t e n t  
undergoes  changes  assoc ia ted  w i t h  f a s t ing  a n d  sa t i a t ion .  
Materials and methods. E x p e r i m e n t s  were car r ied  ou t  w i t h  
ma le  W i s t a r  ra ts ,  in i t i a l ly  we igh ing  150-180 g. The  r a t s  
were housed  3 pe r  cage in w i r e - b o t t o m  cages a t  a r oom 
t e m p e r a t u r e  of 24~ w i t h  reversed  l i g h t - d a r k  cycle:  
l igh ts  on  f rom 22.00 to 10.00. T h e y  h a d  access to  w a t e r  ad  
l i b i t u m  b u t  were t r a i n e d  to  cons um e  t h e i r  n o r m a l  food 

i n t a k e  in a pe r iod  of 3 h : food was p r e sen t ed  ad  l i b i t u m  a t  
11.00 and  r e m o v e d  a t  14.00. E x p e r i m e n t s  were car r ied  
o u t  a f t e r  3 weeks of t r a in ing .  A t  t h i s  t ime,  e ach  r a t  a te  a n  
ave rage  of 18.6 -4- 0.5 g of t h e  d ie t  pe r  day.  R a t s  were  fed 
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Changes in gastro-intestinal serotonin and tryptophan levels associated with fasting and satiation 

Duration of fasting time interval after Stomach Duodenum 
last meal, h Tryptophan (~xg/g) Serotonin ~zg/g) Tryptophan ( Ixg/g)  Serotonin (~xg/g) 

24 7.35 :t= 0.18 1.31 -t: 0.18" 12.42 q- 0.24* 4.33 :~ 0.12" 
9 7.39 :L 0.29 1.25 -4- 0.31" 18.21 • 0.29* 4.74 4- 0.18" 
3 7.41 ~ 0.26 0.91 :t: 0.24 24.23 ~ 0.21 3.08 • 0.15 
0 7.02 • 0.15 0.86 • 0.10 23.91 -E 0.07 2.97 • 0.09 

(at the end of feeding period) 

Each point is the average =~: SE of 16 animals. Animals fasted 24 h were allowed to eat for 3 h after which time food was removed (zero time). 
The duration of fasting (h) reported indicates the intervals between food removal and death. * p ~ 0.01 compared to the value for 0 h of 
fasting. 


