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K, m g %  
Na. mg % 
Glucose, nag % 
Cholesterol. mg % 

to ta l  
lower group 
higher group 

Proteins,  g % 
Age, years 

17.90 
335.6 

92.01 

206.8 
156.0 
236.0 

7.56 
23.4 

o" 

1.54 
14.9 
10.48 

46.8 
19.0 
29.5 

0.45 
5.85 

Indians 

E . V .  

21.23- 14.68 
364.7 -302.0 
115.0 - 76.0 

318,0 -129.0 
180.0 -129.0 
318.0 -190.0 

8.33- 6.66 
38 - 18 

45 
47 
41 

49 
18 
31 
44 
72 

17.80 
334.7 

91.0 

221.0 

7.36 
31.9 

1.36 
14.3 

6.12 

50.4 

0.40 
6.5 

Westerns 

E.V, 

19.60- 15.88 
350.0 -327.5 
100.0 - 83.0 

299.0 -134.0 

7.92- 6.74 
45 - 25 

m = mean; o" = standard deviation; E.V. = extreme values; ~ = number of subjects; % = lOOper cm a 

9 
11 
10 

11 

11 
11 

i nd i ca t e s  t h a t  t h e  s l igh t  h y p e r p o t a s s e m i a  obse rved  in  
M a d r a s  b y  compar i so t t  w i t h  ou r  E u r o p e a n  series d e p e n d s  
u p o n  a c l ima t i c  fac tor ,  as  con f i rmed  b y  RADSMA 4 in I n d o -  
ch ina .  Howeve r ,  in  D a k a r ,  LESCHI 5 f inds  h i g h e r  K va lues  
in  Negroes  t h a n  in  wes t e rn  people  a n d  suggests  t he  r ac ia l  
or ig in  of  t h i s  dif ference.  T h e  h y p e r p o t a s s e m i a  f o u n d  in  
t r op i ca l  c o u n t r i e s  m i g h t  be  in r e l a t i on  to  a lower  a d r e n a l  
g l a n d  a c t i v i t y  (HENROTTE et al. 6). 

O n  t h e  o t h e r  h a n d ,  t h e  low choles te ro l  g roup  of I n d i a n s  
h a s  va lues  m u c h  infer ior  to  ou r  resu l t s  a n d  to  w e s t e r n  d a t a  
(195 to  230 r ag%,  SPECTOR7 ; 233 ztZ 40 m g % ,  HENROTT~3). 
Age a n d  food h a b i t  ( vege t a r i an  or  n o n - v e g e t a r i a n  diet)  a re  
s imi l a r  in  t h e  two  I n d i a n  g roups  a n d  c a n n o t  exp l a in  t h e i r  
d i f fe rence  of cho les te ro lemia .  O n l y  6 of  t h e  9 s e r v a n t s  
h a v e  a d ie t  poo re r  in  calories  a n d  fats .  Poss ib i l i ty  of  a 
rac ia l  f a c t o r  in  t h i s  m a t t e r  is u n d e r  f u r t h e r  i nves t iga t ion .  

Our  r e sea rch  also ind ica tes  a co r re l a t ion  b e t w e e n  h igh  
p l a s m a  choles te ro l  a n d  d i abe t i c  famil ia l  b a c k g r o u n d .  

"i, Ve acknowledge with thanks the technical facilities provided for 
our work by Professor K. P. ANANDAN and N. VERGUESE. 

J.  G. HENROTTE, G. ~RANGANATHAN, 
a n d  G. KRISHNAI~IURTHI 

Department o~ Physiology and Biochemistry, Madras  
Medical  College, Madras,  and Laboratoire de Pathologie et 
Thdrapeutique gdn~rales, University o/ Li@e (Belgique), Ie 
21 mars 1960. 

Rdsumd 

L a  compos i t i on  s a n g u i n e  d ' u n e  c i n q u a n t a i n e  d ' I n d i e n s  
du  Sud,  males ,  adu l t e s  e t  en  b o n n e  sant6 ,  es t  compar6e  
aux  s t a n d a r d s  occ iden taux .  Les  va l eu r s  de glucose san-  
guin,  p ro t6 ines  e t  s o d i u m  p l a s m a t i q u e s  des  I n d i e n s  s o n t  
s emblab l e s  g celles des Occ iden taux ,  leur  po ta s s6mie  es t  
plus 61ev6e e t  la  choles t6roMmie m o n t r e  u n  g roupe  de 
va leu r s  t r~s  basses.  L a  s ign i f ica t ion  de ces diff6rences  e s t  
b r i ~ v e m e n t  d i s c u t & .  

P r o p o s  s u r  u n e  n o u v e l l e  m o u t a r d e  a z o t 6 e  

I t  es t  b i en  c o n n u  que  les m o u t a r d e s  azot6es  (1) o n t  u n e  
a c t i o n  c y t o s t a t i q u e  n e t t e .  M a l h e u r e u s e m e n t ,  ta  tox ic i t6  
de ces c o m p o s &  en  r e n d  le m a n i e m e n t  tr~s d61icat. 

C1CH2-CH2~.N_ R 
C1CH~-CH~/ 

I 
On a che rch6  ~ s y n t h 6 t i s e r  des  m o u t a r d e s  azot~es  d o n t  

Fac t ion  c y t o s t a t i q u e  a ins i  que  la  tox ic i t6  so i en t  d i s s imu-  
16es sous  u n  , m a s q u e ~  qu i  puisse  t o m b e r  p lus  i a c i l e m e n t  
d a n s  les cel lules canc6reuses  que  d a n s  les cellules n o r m a l e s  

d e  l ' o rgan i sme .  Mais,  j u s q u ' $  p r6sen t ,  les r 6 s u l t a t s  n e  s o n t  
p a s  sa t i s fa i san t s .  

I1 e s t  b i en  c o n n u  que  la  mol6cule de m o u t a r d e  azot6e  
e s t  en  6qu i l ib re  avec  u n  ion  d e  c y c l o d i m & h y l b n e - a m m o -  
n i u m  (II) ,  e t  q u e  l ' a c t i v i t 6  de  la  m o u t a r d e  azo t6e  e s t  d u e  
a u x  r6ac t ions  du  ion I I  avec  les g r o u p e m e n t s  ac t i f s  des  
p ro td ines  (NH, ,  SH,  CO,H) .  

CICH~CH2~,N_R 

CICH~_CH / ~ - -  

H~C + 

C1CH~-CH 2 
I I  

(1) 

Done,  la  m o u t a r d e  azot6e  se ra  ac t ive  d a n s  la mesu re  q u e  
F6qui l ibre  (1) sera  d6plac6 vers  la  droi te .  Cet  6qui l ibre  
p e u t  & r e  r6 t rograd6  si o n  fa i t  d i m i n u e r  la  bas ic i t6  de  
l ' a t o m e  d ' a zo t e ,  en  f o r m a n t  u n  g r o u p e m e n t  c a r b o n a m i d e .  

L a  N-~-d i ( f l - ch lo r6 thy l ) - ca rbamyl -L-a rg in ine  ( I I I )  for- 
mera si di f f ic i iement  un ion du t ype  I1, qu'elle sera  p ra -  
t i q u e m e n t  d 6 p o u r v u e  r a n t  d ' a c t i o n  c y t o s t a t i q u e  q u e  de 
tox ic i t& 

CICH,-C.H,.... 
- N_CONH_CH_CH2_CH2_CHFNH_C_NH 2 

CICH~-CH~ " /  I II 
CO, H NH 

I I I  
Mais  d a n s  Forgan i sme ,  sous Fac t i o n  de l ' a m i d a s e  app ro -  

p r i & ,  I I I  sera  scind6 en  L-argin ine  e t  en  acide di(fl-chlor- 
& h y l ) - c a r b a m i q u e  (IV), compos~ e x t r ~ m e m e n t  ins t ab le ,  
qu i  se d & a r b o x y l e r a  i m m 6 d i a t e m e n t  en  p a s s a n t  en  di(fl- 
c h l o r & h y l ) - a m i n e  (V). Or,  V e s t  e x t r 6 m e m e n t  ac t i f  e t  p a s  
t e l l e m e n t  t ox ique ,  

CICH~-CH2"N CO C1CH~-CH2"NH + 
CICH2-CH~/  - 2FI )- C1CH2-CH2 / CO., 

IV V 

L o r s q u e  l ' a c t i v i t 6  a m i d a s i q u e  du t issu  n6oplas ique  es t  
b ien  p lus  i n t en s e  que  celle du  t i ssu  sa in  c o r r e s p o n d a n t  x,2 
d a n s  les cellules canc6reuses  il se f o r m e r a  t o u j o u r s  une  
q u a n t i t 6  b i en  p lus  61ev6e de compos6  V q u e  d a n s  les 
cel lules no rma le s  de l ' o rgan i sme .  

L a  t e n e u r  e n  L-arginine  du  t i s su  n6op las ique  es t  sup6-  
r i eure  ~ celle du  t i s su  sa in  c o r r e s p o n d a n t .  L a  L-arginine  
acc ro t t  l ' i n d e x  m i t o t i q u e  du  t i s su  n6oplas ique ,  m a i s  n e  
modi f i e  p a s  l ' i n d e x  m i t o t i q u e  du  t i s su  sa in  3. P a r  c o n s &  

i j .  p. GREENSTEIN and F. M. LEUTIIARDT, J. nat. Cancer hist. 
8, 77 (1947). 

2 p. C. ZAMECNIK and M. L. STEPHENSON, Cancer Res. 7, 326 
(1947). 

a S. J. BACH and I. LAS•ITZKI, Bioehem. J. 40, xlviii (1946); 
Enzyraologia 12, 198 (1947). 
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q u e n t ,  la L-arginine lib( 'r6e p a r  l ' h y d r o l y s e  du I I I  r e n d r a  
la cellule cancdreuse  encore  plus  suscep t ib le  ~ l 'dgard  
de V. 

C.-S. DONGOROZI 

Bucarest (Roumanie), str. Viitorului 771, le 78 sep- 
tembre 1958. 

Zusammen/assung 

Es  wird  vo rgesch lagen ,  N-a-d i - ( f l -ch lorAthy l ) -ca rbamyl -  
L-arginin  ( I I I )  als neues  S t icks tof f los t  au f  c y t o s t a t i s c h e  
W i r k u n g  zu u n t e r s u c h e n ;  dies  in  der  E r w a r t u n g ,  dass  I I I  
in  Krebsze l l en  in h 6 h e r e m  Masse z u m  c y t o s t a t i s c h  wir-  
k e n d e n  Di- ( f l -ch lor / i thy l ) -amin  (V) h y d r o l y s i e r t  wi rd  als in  
n o r m a l e n  Zellen. Das  gle ichzei t ig  f r e iwerdende  L-Arginin  
sol l te  die Krebsze l le  n o c h  empf ind l i che r  gegen V m a c h e n .  

E n z y m a t i c  S y n t h e s i s  a n d  D e s t r u c t i o n  

o f  C a r o t e n o i d s  i n  M a n g o  E x t r a c t s  

A m o n g  the  c a r o t e n o g e n i c  frui ts ,  mos t  of t he  inves t iga -  
t ions  on  t he  b i o s y n t h e s i s  of ca ro teno ids  h a v e  b e e n  ca r r ied  
o u t  on  t o m a t o e s .  Mangoes ,  wh ich  a re  good c a r o t e n e  pro-  
ducers ,  h a v e  n o t  been  e x a m i n e d  in such  detai l .  The  p r e s e n t  
i n v e s t i g a t i o n  was  u n d e r t a k e n  w i t h  a v iew to  s t u d y  t h e  
genera l  fac to rs  con t ro l l i ng  ca ro tenogenes i s  in B o m b a y  
Al fanzo  mangoes .  A n  a t t e m p t  h a s  been  m a d e  to  p r epa re  
cell-free e x t r a c t s  of t h e  f ru i t s  wh ich  can  syn thes i ze  caro-  
tenoids .  

T h e  f ru i t s  were  p re se rved  in t he  cold room a t  t he  t e m p -  
e r a t u r e  0-3°C,  and ,  in t he  f rozen cond i t ion ,  t h e  o u t e r  
sk in  was  r e m o v e d ;  t h e n  10 g (fresh weight )  of m a n g o  pu lp  
(a f te r  i m m e d i a t e l y  neu t ra l i z ing)  were  g r o u n d  in a m e d i u m  
c o n t a i n i n g  0-5 M sucrose in 100 ml  p h o s p h a t e  buf fe r  
(0-1 M ,  p H  7-0) a t  0°C for a b o u t  10 min .  The  s u p e r n a t a n t  
so lu t ion  o b t a i n e d  b y  c e n t r i f u g i n g  t he  p u l p  a t  12800 × g 
for  20 rain  is re fer red  to  as m a n g o  ex t r ac t .  5 ml  of t h e  
m a n g o  e x t r a c t  ( con ta in ing  p r o t e i n  c o n c e n t r a t i o n  of a b o u t  
5 mg) were i n c u b a t e d  a t  30°C in 250 ml  E r l e n m e y e r .  
f lasks  on  a r o t a r y  s h a k e r  for 18 h w i t h  t h e  desi red sub-  
s t r a t e s  in p h o s p h a t e  buf fe r  (pH 7.0, 0.1 M) .  Ca ro tenes  
were e x t r a c t e d  in f resh ly  dis t i l led e ther .  The  e the r a l  ex-  
t r a c t  wa s  freed of m o i s t u r e  b y  t r e a t i n g  w i t h  a n h y d r o u s  
s o d i u m  su lpha te .  The  ca ro tenes  were t r a n s f e r r e d  in 5 ml  
p e t r o l e u m  e t h e r  (B. P.  80-100°C)  a n d  t h e y  were  de te r -  

c n l  
m ined  as f l -carotene b y  m e a s u r i n g  E 450 mix (E I% = 
2500) in  B e c k m a n  pho toe l ec t r i c  s p e c t r o p h o t o m e t e r .  P u r e  
s y n t h e t i c  f l -carotene was  d isso lved  in  m i n i m u m  a m o u n t  
of Tween-80  a n d  t h e n  a d d e d  in t h e  m e d i u m  to  s t u d y  i ts  
de s t ruc t i on .  

F o r  e s t i m a t i n g  t o t a l  ac id i ty  a n d  suga r  c o n t e n t  of m a n -  
goes, 5 g of t he  pu lp  were c o m p l e t e l y  e x t r a c t e d  by  t r i t u -  
r a t i n g  w i t h  s a n d  a n d  wa te r .  Af te r  f i l t r a t ion ,  f r om a 
k n o w n  volume,  a n  a l i quo t  po r t i on  was used for t he  de te r -  
m i n a t i o n  of s u g a r  as  glucose b y  Cole 's  m e t h o d  a n d  for  
t o t a l  a c id i t y  b y  t i t r a t i n g  a g a i n s t  0-01 N sod ium h y d r o -  
x ide  us ing  p h e n o l p h t h a l e i n  as  a n  ind ica to r .  

The  re su l t s  r ecorded  in Tab le  I show t h a t  r ipe  m a n g o e s  
are  a b o u t  t en  t i m e s  r i cher  in  ca ro t ene  t h a n  p a r t l y  u n r i p e  
ones ;  a n d  t h e  increase  in c a r o t e n e  c o n t e n t  of m a n g o e s  is 
a c c o m p a n i e d  b y  decrease  in ac id  c o n t e n t  a n d  increase  in 
suga r  c o n t e n t .  I t  was  n o t  poss ible  to  d e t e c t  ca ro teno ids ,  
even  in  t races ,  f rom unr ipe  g reen  mangoes .  

Mangoes  wh ich  h a d  r eached  full  r ipeness  gave  o p t i m u m  
resu l t s  a n d  the re fo re  t h e y  were  used  in  f u r t h e r  i nves t iga -  
t ions .  

Tab le  I I  l is ts  t h e  resu l t s  of a n  e x p e r i m e n t  showing  t h e  
e n z y m a t i c  f o r m a t i o n  of ca ro tenes  f rom glucose a n d  a c e t a t e  
in  cell-free ex t rac t s .  F r o m  t h e  resu l t s  of con t ro l  exper i -  
men t s ,  i t  c a n  be  seen t h a t ,  as  in t h e  case  of c a r ro t s  i, w i t h  
m a n g o e s  also, some a m o u n t  of c a ro t ene  or ig ina l ly  p r e s e n t  
(a t  zero t ime)  gets  d e s t r o y e d  d u r i n g  i n c u b a t i o n .  

Tab le  I I I  inc ludes  t h e  resu l t s  of t h e  e x p e r i m e n t s  w h i c h  
show t h a t  s y n t h e t i c  f l -carotene gets  d e s t r o y e d  in p resence  
of e n z y m a t i c  ex t r ac t .  T h e  d e s t r u c t i o n  of f l -carotene  was  
m e a s u r e d  b y  c o m p a r i n g  t h e  a m o u n t s  p r e s e n t  before  a n d  
a f t e r  reac t ion .  I n  o rde r  to  s e p a r a t e  t h e  ef fec t  of phys i ca l  
cond i t ions  such  as l ight ,  t e m p e r a t u r e  etc.  s y n t h e t i c  fl- 
c a ro t ene  was i n c u b a t e d  in con t ro l  e x p e r i m e n t s  w i t h o u t  
e n z y m a t i c  ex t r ac t .  

Table I. Sugar, acid, and carotene content in partly unripe and ripe 
mangoes. 

Mango 

Unripe 
Ripe 

Total 
Total sugar a acidity b 

! 

4.942 l 41.0 
22-390 t 7"6 

I Carotene 
content c 

488.00 
3520.00 

a g/100 g of pulp. b Equivalent to 1 N acid/t00 g of pulp. 
e ~g]100 g of pulp. 

Table II. Biosynthesis of carotenoids in mango extract. 
The test system contained final concentration of 0"1 M phosphate 
buffer pH 7.0, substrates in amount listed below and 5 ml of mango 
extract in a total volutne of 30 ml in each 250 ml Erlenmeyer flask, 

incubated 18 h at 30°C. 

Carotene amount  in/~M 
Amount i 

Substrate added . ] After Net 
in (rag) Zero-tnne [incubation change 

! 

! I 
Glucose I 625 I 0'225 0.328 4- 0.I03 
Acetate t 250 1 0.225 0.352 + 0-127 
None (Control) l - -  0.225 0.127 ] -0 .098  

Table I l L  Enzymatic degradation of carotenoids in mango extract. 
Conditions identical as shown in Table II. 

Substrate 

Synthet ic  fl-carotene 
Synthet ic  fl-carotene 
(Control enzyme omitted) 

Amount 
added in 

txM 

3-938 
3"938 

Percentage 
degradation 

of carotenoids 

15-710 
1'422 
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Zusammen[assung 

E i n e  B i o s y n t h e s e  v o n  Caro t in  IAsst s ich in zellfreien 
k a r o t e n o i d h a l t i g e n  E x t r a k t e n  rei fer  Mangof r f i ch te  bet 
G e g e n w a r t  v o n  Glucose oder  A z e t a t  b e o b a c h t e n .  Dabei  
zeigt  s ich gle ichzei t ig  eine A b n a h m e  de r  Ka ro t eno ide .  

1 V. V. MODI and D. K. PATWA, Nature 184, 983 (1959). 


