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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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can  be  conven ien t ly  expressed in t e rms  of oxygen  con- 
sumpt ion  (QOz) per  un i t  body  surface. I t  becomes ap- 
pa ren t  t h a t  all animals,  large or  small,  homeo the rmic  or  
poiki lothermic,  burn  the  l ight  of the i r  l ives wi th  re la t ive  
equal i ty .  Life, a t  least  on the  organismic level,  is a demo-  
crat ic  process:  all of us mus t  die, and the  dura t ion  of our  
existence is the  same - if measured  in QO~ per  uni t  body  
surface n. 

I n  re -examining  the  re la t ion be tween  life-span and 
metabol ic  ra te  i t  can be concluded t h a t  women  burn  the i r  
fire of life a t  an  a p p r o x i m a t e l y  10% lower rate,  are  in 
general  smal ler  - more closely resembling a spherical  
surface - t h a n  men, and have  a correspondingly  lower age 
specific dea th  ra te  t h a n  men  a t  all adul t  age levels lL 
There  is good evidence in t he  l i t e ra ture  to  suppor t  such a 
content ion.  SACHER 12, for example ,  concludes t h a t  the  
mor t a l i t y  ra te  of d i f ferent  species and the  ra te  of increase 
in mor t a l i t y  w i th  age in the  same species are pos i t ive ly  
correlated.  This corre la t ion forms a possible basis for the  
re la t ive  cons tancy  in his life tab le  for species as widely  
differing as the  frui t-f ly,  t he  mouse, and man.  In  1959, 
SACHER ~3 described a s ta t i s t ica l  analysis of the  re la t ion 
of l ife-span to body  weight  for 63 species of mammal s .  He  
establ ished the  q u a n t i t a t i v e  dependence  of the life-spans 
of these species on body  weights ,  bra in  weights  and me ta -  
bolic ra tes  of adul t  representa t ives  of the  species. He  
regarded the  l ife-span as a physical  d imension  of a species 
on the  same footing as l inear or  mass dimensions.  I n  
re formula t ing  Rubne r ' s  t h e o r y  of aging, he  s ta tes  t h a t  
the  l i fe-span of a species var ies  inverse ly  as its basal  
metabol ic  ra te .  

I n  s u m m a r y :  metaboI ica t ly  ac t ive  body  size (kg¾) and 
life-span are in te r re la ted  phenomena .  

H o w  m a y  we, then,  conceive of the  change in the  n u m b e r  
of cells, i.e. the  growing (aging) of ind iv idua l  t issues and 
organs wi th in  an organism, of an open sys tem in (homeo- 
static) equi l ibr ium ? E v i d e n t l y  not  all  t issues and organs 
grow (age) s imul taneous ly  at  the  same rate.  

We  know t h a t  genetic  in format ion  specifies the  leaf 
form of whea t  independen t  of genetic  influences on cell 
sizes, shapes and on ex ten ts  and or ienta t ions  of cell 
divisions 14 

Anothe r  re la ted p rob lem is t h a t  organs hav ing  cells 
which seldom, if ever,  d iv ide  have  no o p p o r t u n i t y  to 
t h row off e i ther  spontaneous  or  induced muta t ions ,  and 
i t  is these  organs which  are responsible  for the  aging of the  
an imal  ~s. Thus,  such tissues as bone  m a r r o w  show no 
aging,  whereas  tissues wi th  non-div id ing  ceils such as 
bra in  are  responsible  for the  aging of the  whole organ- 
ism le. Le t  i t  be recal led t h a t  SACtlER'S corre la t ion be-  
tween m a m m a l i a n  l ife-span and bra in  weight  s t rongly  
suppor ted  the  hypothes is  t h a t  an  i m p o r t a n t  de te rmin ing  
fac tor  of l ife-span is the  precision of physiologic  regu- 
la t ion 17. 

Fo r  SOROKIN ls, who dist inguishes two periods dur ing 
the  deve lopmen t  of a cell - one f rom the origin of t he  cell 
to t he  beginning of different iat ion,  ano the r  f rom the  s ta r t  
of di f ferent ia t ion to the  dea th  of the  cell - aging is a 
deve lopmen ta l  aspect  of metabol ism.  

Since the  precision of the  metabol ic  r egu la to ry  process 
is conta ined  in the  re la t ion  be tween  metabo l ica l ly  ac t ive  
body  size (kg3~) and life-span, t he  age dependen t  mi to t ic  
ra te  of tissues and organs should be specified in re la t ion 
to  metabol ica l ly  ac t ive  body  size. A p lo t  of the  above  
re la t ion has  no t  ye t  been presen ted  in t h e  l i tera ture .  

ENEsco and LE~LOND~9 recent Iy  de te rmined  the  pat-  
te rn  of change in the  n u m b e r  of cells in a series of organs 
and tissues - of the  growing r a t  - as the  organs and tissues 
increased in size. W e i g h t  and D N A  con ten t  of the  body  and 

of organs and  tissues of the  male  r a t  a t  var ious  ages were 
recorded.  Age in days  was p lo t t ed  on the  abscissa, whereas  
the  logar i thms of the  to t a l  we igh t  in g, and the  logar i thms  
of the  D N A  con ten t  in mg  - to be read  as n u m b e r  of 
diploid nuclei  - were recorded on the  ordinate .  The  da t a  
of ENESCO and LEBLOND'S s tudy  lend themselves  par t i -  
cular ly  well to a plot  re la t ing mi to t i c  ra te  of t issues and 
organs to metabol ica l ly  ac t ive  body  size. The  F igure  
i l lustrates  the  re la t ion be tween  metabol ic  size (kg¾), on 
the  abscissa, and mi to t ic  ra te  (mg DNA),  on the  ordinate ,  
for the  whole rat ,  l iver  and hear t  a t  7, 17, 50 and 90 days  
of age. The  F igure  i l lustrates  re la t ionships  which  in con- 
ven t iona l  plots go unnot iced.  

I t  can  be deduced  f rom the  Figure,  for example ,  t h a t  
in 90 days  t he  r a t  bodies grew to  full  ma tu r i ty ,  whereas  
the  mi to t i c  ra te  of the i r  hear ts  and  l ivers did no t  fol low 
the  same ra te  of change.  Be tween  the  17th and 50th d a y  
of age the  mi to t i c  ra te  of the  l iver,  as compared  to  t h a t  of 
the  heart ,  slows down considerably.  This  period,  f rom 
weanl ing to the  beginning of puber ty ,  coincides w i t h  the  
appearance  of t e t rap lo id  and the  first  oc taploid  nuclei  in 
the  l iver  20. The  mi to t i c  ra te  of l iver  ceils thereaf ter ,  t h a t  
is f rom the  50th to the  90th day  of age, is m a r k e d  by  a 
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Relation between metabolic size (kg¾) and mitotic rate (mg DNA) 
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fast  ra te  of change comparable  only to tha t  of the  period 
preceding tile 17th day  of age. The  90th day  approxi-  
mates  abou t  t he  age of 20 years in m a n  and the appear-  
ance in the  l iver  of an  octaploid D N A  class~L 

The  d a t a  and relat ionship for the  two organs and the 
whole r a t  h a v e  been  chosen only as an i l lustration.  Similar  
plots  for o the r  organs and tissues for a va r i e ty  of species 
m a y  p rove  useful no t  only  as basic informat ion  bu t  m a y  
have  prac t ica l  implicat ions.  A few which come to mind 
i m m e d i a t e l y  are the  de te rmina t ion  of opt imal  organ and 
tissue-specific radiosens i t iv i ty  since the la t te r  is known to 
v a r y  w i t h  phases of the  mi to t i c  cycle .2, A relat ion could 
also exis t  be tween  an imal  mor ta l i ty  and the s ta te  of the 
an imal ' s  cel lular  popula t ions  2z. Another  use m a y  be the 
ca lcula t ion of op t ima l  t iming  for the adminis t ra t ion of 
cer ta in  classes of drugs and specifically of cytos ta t ic  
compounds  24. 

Zusammen/assung. Das Verh~tltnis zwischen Lebens-  
dauer  und s toffwechselbedingter  K6rpergrOsse (kg¾) wird 
zur Analyse des Differenzia lwachstums einzelner Gewebe 
nnd Organe herangezogen.  
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P R O  E X P E R I M E N T I S  

Q u a n t i t a t i v e  N - T e r m i n a l  A m i n o  A c i d  A n a l y s i s  

b y  T h i n  L a y e r  C h r o m a t o g r a p h y  

The  f luorodini t robenzene reagent  is widely used to de- 
t ec t  t he  N- te rmina l  amino  acid in pept ides  and proteins x. 
A v a r i e t y  of co lumn chromatograph ic  procedures have 
been appl ied to iden t i fy  and es t imate  the  dini tropheny! 
(DNP) der iva t ives  2-s, b u t  these methods  are laborious 
and t ime  consuming  or  need expensive equipment .  For  
these reasons the  paper  chromatograph ic  technique de- 
scribed by  LEvY 9 has gained in favour  for quan t i t a t ive  
de terminat ions .  

Recent ly ,  BRENNER et al. 10 applied thin layer chroma- 
tog raphy  to ident i fy  D N P - a m i n o  acids. This method has 
more sensi t ivi ty ,  gives be t t e r  separat ion and consumes 
less t ime  t h a n  pape r  chromatography .  

Taking  a d v a n t a g e  of these convenient  features we have 
developed a procedure  for quan t i t a t i ve  determinat ion of 
N- te rmina l  amino  acid in proteins  and peptides using 
c h r o m a t o g r a p h y  on th in  layers of silicagel. 

Experimental. Since D N P  der iva t ives  are l ight  sensi- 
t ive,  mos t  opera t ions  mus t  be performed in the dark. 

0.05 to  1 / ,mole of the  prote in  is dissolved in 5 ml of 
0 .1M, p H  8.7, a m m o n i u m  carbonate .  If  the  analysis is 
carried o u t  Oil small  pept ides,  1% aqueous t r imethyl -  
amine 3 is used as solvent .  F luorodini t robenzene  (0.2 ml) 
is added  and the  mix tu r e  is v igorously  s t i rred for 2 h a t  
40 o C. A t  t he  end of th is  per iod the  excess of reagent  is 
ex t rac ted  w i t h  peroxide-free  ether.  To remove  the  re- 
maining dini t rophenol ,  t he  ex t rac ted  react ion mix ture  is 
dia lyzed aga ins t  dist i l led wa te r  and freeze-dried. This  
step is replaced by  the  subl imat ion  technique of MILLS s 
when the  m e t h o d  is appl ied to  small  peptides.  

The puri f ied D N P  de r iva t ive  is dissolved in glacial 
acetic acid avoid ing  any  excess of solvent  and the  exac t  
concent ra t ion  of this  solut ion is found by  weight  analy-  
sis n. The  n u m b e r  of D N P  groups present  is es t imated by 
u l t ravio le t  absorp t ion  measurements .  The following for- 
mulas are  used:  

C 1 = ( 1 . 6 7  E290 - -  0 . 5 1  EAT9) × 10  "-a 

C 2 = (9.55 E370 -- 0.73 E~0) ×10 -s 

where Ez~ 0 and I;.370 are the absorbances measured  a t  
290 and 370 rot, of the acetic acid solut ion and Ct and C, 
are the  molar  concentra t ions  of O-DNP- ty ros ine  and e- 
NHz-DNP-lys ine  respectively.  

A known vo lume  of the  solut ion is hydro lysed  wi th  
5 .7N hydrochlor ic  acid in a v a c u u m  sealed ampoule  a t  
100-110 ° C. The  acet ic  acid is e l iminated  in a flash evapora -  
tor  before addi t ion of hydrochlor ic  acid to  the  ampoule .  
The  destruct ion of the N- te rmina l  amino  acid de r iva t ive  
dur ing the  hydrolysis  step is var iable  in each pa r t i cu la r  
case 3. The proper  correct ion factors are e s t ima ted  in 
parallel recovery exper iments  in which the unsubs t i tu ted  
protein is hydrolysed in the  presence of a known a m o u n t  
of the adequate  DNP-amino  acid, 

The  N-terminal  amino acid is ex t rac ted  f rom the  
hydrolysa te  and isolated by  thin layer c h r o m a t o g r a p h y  
according to BRENNER et  al.t°. The D N P - d e r i v a t i v e s  of 
aspart ie and glutamic  acids which run toge ther  in the  
original procedure, are resolved e m p l o y i n g b e n z e n e  :pyr i -  
d ine:glacial  acetic acid (80:20: I0) as second sys tem of 
solvents. 

The elution of the D N P  amino acid from the  ch romato -  
graphic plate is performed as follows: the  silica gel in the  
area of the I)N P-amino acids spot  is peeled off abou t  0.5 cm 
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