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crease in Na absorption. The high final serosal fluid glu- 
cose concentrations seen in the insulin treated rats indi- 
cate a marked increase in the sugar concentrating ac- 
t iv i ty  of the mucosal cells, a process which has also been 
taken to be a measure of sugar transport ~3. Since water 
accompanies Na movement  from mucosal fluid to serosal 
fluid, the small intestine does not concentrate Na, and 
absorption is generally taken as the measure of Na trans- 
port  xs. Segments from alloxan-diabetic rats transported 
more glucose than non-diabetics, confirming the results of 
previous studies. I a  addition, Na transport was approxi- 
mately doubled in the diabetic animals. The final series of 
experiments was concerned with the effect of insulin in 
alloxan-diabetes. Given first at the same dose level em- 
ployed in normal rats (0.75 U/rat) the hormone de- 
pressed Na absorption and increased serosal fluid glucose 
concentration as was observed in normal animals, but  
failed to change glucose absorption. The same results were 
observed in a second group in which insulin was given in 
larger amounts (2.5 U/rat).  The failure of insulin to in- 
crease sugar absorption in alloxan-diabetes may be related 
to decreased fluid absorption, an effect of the hormone 
seen in diabetic but  not  ill normal rats. 

The increases in sugar transport seen in both alloxan- 
diabetic and insulin treated normal rats appears contra- 
dictory. However, the increased glucose and Na transport 
in alloxan diabetes may have been the result of mucosal 
cell metabolic changes compensatory to the renal losses of 
glucose and Na characteristic of the diabetic state. 

SCHULTZ has recently proposed a model system sug- 
gesting linked entry of Na and actively transported sugars 
into the mucosal cell in which Na and the sugar share a 
common carrier 1°. The complex dissociates inside the cell 

and Na is removed by a ' pump'  located at  the serosM sur- 
face of the cell. Sodium removal favors dissociation of the 
common carrier and the sugar probably moves out of the 
celt down its concentration gradient. Changes in alloxan- 
diabetes appear to fit this hypothesis of linked Na and 
glucose entry, since absorption of both is increased. 
However, it appears that  insulin increased glucose trans- 
port by some other pathway, since Na absorption is de- 
creased by the hormone. The decreased Na absorption 
produced by insulin may be accountable to depression of 
dissociation of the Na-carrier-glucose complex by high 
intracellular levels of sugar accumulated under the influ- 
ence of the hormone, reducing the amount  of Na available 
to the serosal 'pump' t4 

Zusammen[assung. Die Natrium- und Glucoseabsorp- 
tion in Diinndarmsegmenten alloxandiabetiseher Rat ten  
war erh6ht. Durch Insulininjektionen wurde bei diesen 
Tieren die Natriumabsorption herabgesetzt, wtthrend bei 
normalen Ratten Insulin die Glucoseabsorption erh6hte 
und die Natriumabsorption erniedrigte. 
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Potentiation of Bradykinin and Eledoisin by 
B P F  ( B r a d y k i n i n  P o t e n t i a t i n g  Fac to r )  f r o m  

Bothrops  jararaca V e n o m  

As shown in previous papers from this laboratory ~-a, 
a factor called B P F  (bradykinin potentiating factor), ex- 
tracted from the venom of Bothrops ~araraca, was capable 
of increasing some of the pharmacological activities of 
bradykinin on the guinea-pig ileum, rat  uterus and rabbit 
duodenum, as well as the hypotensive effects of the poly- 
peptides in cats and dogs. ]3PF has no effect upon con- 
tractions elicited by histamine and acetylcholine, and 
little effect on the actions of angiotensin and oxitocin on 
the smooth muscles of the guinea-pig ileum and the rat 
uterus respectively. 

In this paper an analysis of the effects of BPF was 
extended to the polypeptide eledoisin, since it has been 
shown tha t  this substance is more resistant to inactivation 
by plasma enzymes and considerably more active than 
bradykinin on the guinea-pig ileum and blood pressure of 
the cat and the dog4-L 

(a) Experiments on the guinea-pig ileum. The deductions 
as to the potentiat ion of the agonists by BPF  were taken 
after plotting the reciprocals of the effects (l/y) against 
the reciprocals of the doses (I/x) according to the tech- 
nique described previouslyS,L B P F  produced a definite 
potentiating effect upon bradykinin (BRS 640, Sandoz) 
and kallidin (KL 698, Sandoz) responses without any 

apparent action on eledoisin (ELD 950, Sandoz) contrac- 
tions. Figure 1 gives a view of the experimental data  
recorded from two typical experiments. We can see tha t  
bradykinin and kaliidin lines tcmt to displace towards 
eledoisin lines during the t reatment  of the guinea-pig 
ileum with BPF. I t  must be noticed that,  when the con- 
centration of BPF  reached 5/,g/ml,  the sensitivity of the 
isolated preparation to bradykinin and eledoisin was 
almost the same. Concentrations of B P F  up to 10 pg/ml 
did not consistently change the pat tern of responses ob- 
tained with 5 #g/ml. 

(b) Arterial blood pressure experiments. These experi- 
ments were performed on the arterial blood pressure of 
the dog and cat recorded from a common carotid artery 
by means of a mercury manometer. B P F  potentiates the 
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h y p o t e n s i v e  a c t i o n  o f  b r a d y k i n i n  i n  t h e  c a t  a s  wel l  a s  i n  
t h e  d o g .  T h e  i n t e n s i t y  o f  t h i s  p o t e n t i a t i o n  c o u l d  b e  a p -  
p r e c i a t e d  b y  m e a s u r i n g  c o m p a r a t i v e l y  t h e  i n i t i a l  fa l l  i n  
a r t e r i a l  b l o o d  p r e s s u r e  or ,  e v e n  b e t t e r ,  b y  t h e  h y p o -  
t e n s i v e  a r e a  r e c o r d e d  a f t e r  b r a d y k i n i n  a d m i n i s t r a t i o n .  
T h i s  h y p o t e n s i v e  a r e a  w a s  m e a s u r e d  i n  a g r a p h  i n  w h i c h  
t h e  m e a n  a r t e r i a l  b l o o d  p r e s s u r e  v a r i a t i o n s  f r o m  t h e  
o r i g i n a l  b a s e  l ine  w e r e  p l o t t e d  a g a i n s t  t i m e .  

C o n s i d e r i n g  t h e  l o n g  d u r a t i o n  o f  t h e  b r a d y k i n i n  e f f e c t s  
a f t e r  13PF  a d m i n i s t r a t i o n ,  h i s t a m i n e ,  a c e t y l c h o l i n e  a n d  
e l e d o i s i n  w e r e  a d m i n i s t e r e d  b e f o r e  b r a d y k i n i n .  Al l  a g e n t s  
w e r e  i n j e c t e d  i n t r a v e n o u s l y .  

A r a p i d  B P F  i n j e c t i o n  (2 m g / k g )  p r o d u c e d  a s m a l l  a n d  
t r a n s i t o r y  h y p o t e n s i v e  e f f e c t  w h i c h  d i d  n o t  o c c u r  w h e n  
t h e  a d m i n i s t r a t i o n  o f  B P F  w a s  s low.  B P F  h a d  n o  d e -  
t e c t a b l e  e f f e c t  o n  h i s t a m i n e  o r  a c e t y l c h o l i n e  r e s p o n s e s  
( F i g u r e  2). A l t h o u g h  B P F  p r o d u c e d  in  t h e  c a t  a s m a l l  
p o t e n t i a t i o n  o f  t h e  a c t i o n  o f  e l e d o i s i n  o n  b l o o d  p r e s s u r e ,  
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Fig. 1. Two experiments represented by the dm]ble reciprocal plots. 
In  ordinate the reciprocal of the responses (l/y); and in abscissae 
the reciprocal of the final concentration of the agmfists. Note that  
kallidin (K) and bradykinin (B) lines tend to displace towards 
eledoisin (E) line during the t rea tment  of the guinea-pig ileum with 
BPF.  Tyrode containing atropine ( 1 . 1 0  -4 rag/l) and Benadryl 

(5 • I0 -~ rag/l). 
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Fig. 2. Action of BPF upon the hypotensive effects of histamine 
(H = 2 //g/kg), acetylcholine (Ae = 0.1 #g/kg) and bradykinin 
(B = 2/zg/kg) in the cat. The dose of B P F  was 2 mg/kg. The points 
represent the mean blood pressure variation in three animals. 
Standard errors given by vertical bars. A ~ hypotension area. 

Anaesthetic: Nembutal  30 mg/kg i.v. 

n o  s u c h  e f f ec t  c o u l d  b e  o b s e r v e d  i n  t h e  d o g  ( F i g u r e s  3 
a n d  4). 

U n d e r  n o r m a l  c o n d i t i o n s ,  e l e d o i s i n  h a s  b e e n  f o u n d  t o  
b e  8 t i m e s  m o r e  a c t i v e  t h a n  b r a d y k i n i n  in  t h e  c a t ,  a n d  
2 0 - 5 0  t i m e s  m o r e  a c t i v e  i n  t h e  d o g  *,5. I f  t i l e  a n i m a l s  w e r e  
t r e a t e d  w i t h  e q u i p o t e n t  d o s e s  o f  b o t h  p e p t i d e s  b e f o r e  a n d  
a f t e r  t r e a t m e n t  w i t h  B P F ,  b r a d y k i n i n  b e c a m e  m o r e  p o -  
t e n t  t h a n  e l e d o i s i n  i n  c a t s  a n d  o n l y  h a l f  a s  p o t e n t  i n  d o g s .  
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Fig. 3. Action of BPF  upon the hypotensive effects of bradykinin 
(B = 2 pglkg) and eledoisin (E = 1 /2glkg) in the cat. The dose of 
BPF was 2 mg/kg. The points represent the mean arterial blood 
pressure variation in three animals. Standard errors given by ver- 
tical bars. A = hypotension area. Anaesthetic: Nembuta l  30 mgJkg 

i.v. 
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Fig. 4. Action of BPF  upon the hypotensive effects of equipotent 
doses of bradykinin (B = 1/lg/kg) and eledoisin (E = 0.024 to 0.066 
pg]kg) in the dog. The dose of BPF was 2 mg/kg). The points repre- 
sent the mean arterial blood pressure variation in five animals. 
Standard errors given by vertical bars, A = hypotension area. 

Anaesthetic : Nembutal  30 mg/kg i.v. 

Ratios of potency of eledoisin/bradykinin on the arterial blood 
pressure of the dog before and after t reatment  with BPF  

Dog Before BPF  After BPF  
No. 

B E Ratio B E Ratio 

I 1 0.024 41.6 0.024 0.012 2 

0.033 2 
II 1 0.066 15.1 0.066 

0.066 

III 1 0.024 41.6 0.024 0.024 1 

IV 1 0.048 20.8 0.048 0.024 2 

Range of ratios 15.1-41.6 1.0-2.0 

The figures indicate the equivalence o:f doses, in/~g/kg, of brady- 
kinin (B) and eledoisin (E), before and after administration of BPF 
(2 mg/kg). In  dog II, after BPF  treatment ,  the indicated dose of 
bradykinin produced an effect intermediate between the two doses 
of eledoisin. 
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I n  ou r  expe r imen t s ,  t he  doses of eledoisin which  p roduced  
a n  in i t i a l  fall  in  a r te r ia l  b lood pressure  equa l  to  t h a t  in-  
duced  b y  t /~g/kg of b r a d y k i n i n  va r i ed  f rom 0.024 to  
0.066 ~g/kg .  

T h e  Tab le  ind ica tes  the  equ iva lence  of doses of b r a d y -  
k in in  a n d  e ledois in  before  and  a f t e r  a d m i n i s t r a t i o n  of 
B P F  in 4 d i f f e ren t  dogs. T h e  ra t ios  of the  ac t iv i ty  of 
e l edo i s in /b radyk in in ,  w h i c h  var ied  f rom 15-41 in t he  
con t ro l  expe r imen t s ,  were reduced  to a lmos t  equ iva lency  
r a n g i n g  f rom 1.0 to 2.0 a f te r  t r e a t m e n t  w i th  B P F .  I t  is 
to  be  n o t e d  t h a t  t h e  doses of b r a d y k i n i n  (0.024-0.066 
/~g/kg), w h i c h  p roduced  no t iceab le  effects a f te r  t r e a t m e n t  
w i t h  B]?F, were be low t he  th re sho ld  doses necessary  to 
p roduce  a n y  effect  before  t he  t r e a t m e n t .  Kal l id in  showed 
a b e h a v i o u r  s imi la r  to  t h a t  of b r adyk i n i n ,  be ing  s t rong ly  
p o t e n t i a t e d  b y  B P F .  

I n  conclus ion ,  t h e  resu l t s  p resen ted  in th i s  communica -  
t ion  show t h a t  t h e  pha rmaco log ica l  po t ency  of b r a d y -  
k in in  on  gu inea -p ig  i l eum a n d  a r te r ia l  b lood pressure  of 
t h e  ea t  a n d  t h e  dog  becomes  s imi lar  or s t ronger  t h a n  t h a t  
of e ledois in  a f t e r  B P F  t r e a t m e n t .  

Our  p r e s e n t  f ind ings  give f u r t h e r  suppor t  to  the  sug- 
ges t ion  ~,3 t h a t  b r a d y k i n i n  p o t e n t i a t i o n  by  B P F  could be 

due  to  t he  b lockade  of t he  pep t ide  i n a c t i v a t i o n  b y  blood,  
or  b y  k in inases  poss ib ly  p r e s e n t  in t he  s m o o t h  muscles ,  
a t  s i tes close to  t he  pha rmaco log ica l  r e c e p t o r s ' °  

Zusammenfassung. Nachweis  d e r  p h a r m a k o l o g i s c h e n  
W i r k u n g  des B r a d y k i n i n s  a m  isol ier ten  Meer schwe inchen-  
i leum u n d  a m  deu t l i chen  B l u t d r u c k a n s t i e g  bei  H u n d  u n d  
K a t z e  n a c h  V o r b e h a n d l u n g  m i t  B P F  ( B r a d y k i n i n -  
po tenz ie rende r  F a k t o r  aus  J a r a r aeag i f t ) .  U n t e r  d iesen  
B e d i n g u n g e n  werden  m i t  B r a d y k i n i n  gleich i n t ens ive  
Effek te  wie mi t  Eledois in  e rha l t en .  
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C O G I T A T I O N E S  

M i t o t i c  R a t e  i n  O r g a n s  a n d  T i s s u e s  i n  R e l a t i o n  

t o  M e t a b o l i c  B o d y  S i z e  ( k g  s/4) 

O n  t h e  mo lecu l a r  level  of me tabo l i sm,  the  concent ra -  
t ion  of c e r t a i n  r e s p i r a t o r y  enzymes ,  such  as cytochrome-c,  
c y t o c h r o m e  oxidase,  etc.,  pe r  u n i t  of metabo l ica l ly  ac t ive  
mass  (kg%) is p r o p o r t i o n a l  to  overal l  energy  exchange  
pe r  kg  - for ra ts ,  dogs, m e n  and  cows ~,2. At  least  in m a m -  
m a l i a n  liver,  t h e  a m o u n t  of m i t o c h o n d r i a  bears  the  same 
q u a n t i t a t i v e  r e l a t i o n  to t o t a l  m e t a b o l i s m  as to to t a l  body  
size, a n d  i t  is l ike ly  t h a t  t he  re la t ive  a m o u n t s  of these  
e l ement s  in  a n y  g iven  t i ssue  will p rove  to be the  control-  
l ing f ac to r  in  d e t e r m i n i n g  t he  regress ion of oxygen uti l iza-  
t ion  on  t o t a l  b o d y  size of t h e  species 3,*. 

I n  a b r o a d  a n d  m e t a b o l i c  sense, cel lular  l i fe-span is 
closely co r r e l a t ed  w i t h  t h e  l i fe-span of ce r ta in  cellular 
c o m p o n e n t s  or  me tabo l i t e s .  Thus ,  t h e  z~4 - half  t ime  - of 
cy toch rome-c  in  l iver  m a y  be  as  r e p r e s e n t a t i v e  of t he  
t u r n o v e r  t i m e  of t he  l iver  cell as is the  v½ of hemoglob in  of 
t h a t  of t he  r ed  b lood cell s . 

Metabo l ic  processes  in  the  ra t ,  for example ,  go a t  ra tes  
some 4.6 t i m e s  fas te r  t h a n  those  in man .  The  metabo l ic  
ra te  f ac to r  4.6 ref lec ts  t he  degree of difference be tween  
the  a d u l t  r a t  a n d  a d u l t  m a n  in r a t e  pe r  un i t  t ime  and  per  
u n i t  m a s s  of such  m e a s u r a b l e  q u a n t i t i e s  as the  basal  
me tabo l i c  r a t e  (i.e. oxygen  consumpt ion ) ,  t he  outf low of 
n i t rogen  in  t h e  ur ine ,  or  of p r o t e i n  p r o d u c t i o n L  

T h e  m i t o c h o n d r i a l  e n e r g y  t r ansd f l c t i on  in aerobic  or- 
gan i sms  is b a s e d  on  ci t r ic  acid cycle ox ida t ions  and  f a t t y  
acid ox ida t ion ,  coup l ing  e lec t ron  flow to  synthes i s  of 
adenos ine  t r i p h o s p h a t e  (ATP) ,  t h a t  is, ox ida t ive  phos-  
phory la t ion .  The  c o m p o n e n t s  of the  e lec t ron  t r a n s p o r t  
sys tem are  c u r r e n t l y  t h o u g h  of as cons is t ing  of a series of 
phys ica l ly  i n t e r c o n n e c t e d  l ipopro te ins  w i t h  e lectron ac- 
ceptors  (coenzymes)  t i g h t l y  bound .  The  t e r m i n a l  ca t a ly s t  

appears  to be  cy toch rome  oxidase  and  m a y  be the  rate- 
limiting factor. 

O t h e r  s tudies ,  a l t h o u g h  indi rec t ly ,  s u b s t a n t i a t e  t h e  
func t ion  of c y t o c h r o m e  oxidase  as a r a t e - l i m i t i n g  fac tor .  
CHANCE'S work  6 ind ica tes  t h a t  in  t he  i n t a c t  m i t o e h o n -  
dria,  t he  c y t o c h r o m e  oxidase  ve loc i ty  c o n s t a n t  is 4 to  23- 
fold less t h a n  t h a t  of the  o t h e r  react ions .  A n o t h e r  i t em of 
evidence  is t h a t  the  abso lu te  wtlues of the  t o t a l  cy to-  
chrome oxidase  ac t iv i ty  in ce r t a in  large as well as smal l  
an imals  were found to be ve ry  nea r ly  the  same as t he  
m a x i m a l  me tabo l i sm of the  i n t a c t  a n i m a l  7. 

W i t h  c y t o c h r o m e  oxidase  as a r a t e - l imi t ing  factor ,  in- 
creasing body  size is a ccompan ied  b y  decreas ing  resp i ra -  
to ry  in t ens i ty  - in analogy,  a smal l  c lock m u s t  h a v e  a 
fas ter -swinging p e n d u l u m  t h a n  a large one  - in  v ivo  a n d  
in v i t ro  s, a n d  t he  d u r a t i o n  of t he  me tabo l i c  process,  Life, 
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Smaller body space {organism size) of an animal requires a higher 
intensity of body time (shorter chronological time) to live. Similar 
relations exist on the organ level; compare, for example, the inter- 
dependence between heart sizc and beating frequency 1°. 
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