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5 • 10 -4 M g l u t a t h i o n e  and  4 X 10 -4 M 1-~4C-L-histidine 
(1.3 m C / m M )  added  in th i s  order.  The  m i x t u r e  was gassed 
w i t h  n i t rogen  for 5 m i n  a t  0~ Af te r  1 h a t  37~ t he  
r eac t ion  was t e r m i n a t e d  b y  t he  add i t i on  of 0.5 ml  10% 
t r i ch loroace t ic  acid and  t he  evo lved  ~4COs was t r a p p e d  
d u r i n g  30 m i n  a t  37 ~ on a f i l te r  p a p e r  s tr ip,  p rev ious ly  
immersed  in Pro toso l  | a n d  p laced  in a cen t r a l  well  in t he  
r eac t ion  vessel. The  r a d i o a c t i v i t y  was t h e n  d e t e r m i n e d  in 
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The nicotine-induced activation of rat stomach histidine decarbo- 
xylase is prevented by antrectomy. Nicotine: 0.2 mg/kg. Controls 
received 0.9% saline. The rats were killed 2 h after the injection. 
Enzyme activities are expressed as nmoles CO s produced per mg 
tissue and hour. N denotes the number of rats in each group. 

a l iquid  sc in t i l l a t ion  spec t romete r .  The  resul ts  were 
cor rec ted  for n o n - e n z y m a t i c  d e c a r b o x y l a t i o n  b y  i n c u b a t -  
ing iden t ica l  samples  w i t h  1-14C-D-histidine ins t ead  of 
1-x4C-L-histidine. Dup l i ca t e  assays  were r u n  in all  ex- 
pe r imen t s .  

Single in jec t ions  of 0.2 or 1 m g / k g  of n ico t ine  caused 
a c t i v a t i o n  of gas t r ic  h i s t id ine  deca rboxy lase  in normal ,  
fas ted  rats ,  whereas  a dose of 5 m g / k g  fai led to raise  t he  
e n z y m e  a c t i v i t y  (Table  I). The  e n z y m e  a c t i v i t y  seemed 
to r each  a peak  11/2-2 h a f t e r  a d m i n i s t r a t i o n  of n ico t ine  
(Table II). A n t r e c t o m y  p r e v e n t e d  t he  n ico t ine - induced  
e n z y m e  a c t i v a t i o n  (Figure).  I t  m a y  t h u s  be  suggested  
t h a t  n ico t ine  ac t i va t e s  gas t r ic  h i s t i d ine  deca rboxy lase  
t h r o u g h  t i le  release of gas t r in .  The  resu l t s  do n o t  s u p p o r t  
t he  a l t e r n a t i v e  e x p l a n a t i o n  t h a t  n ico t ine  ha s  a d i rec t  
effect  on t h e  e n z y m e - c o n t a i n i n g  cells. 

Zusammen/assung. N i k o t i n  s te iger t  die gas t r i sche  
I - I i s t i d indeka rboxy la sak t iv i tg t  in  no rma len ,  n t i ch te rnen ,  
n i c h t  abe r  in a n t r e k t o m i e r t e n  IRatten. Dieses weis t  d a r a u f  
hin,  dass  die A k t i v i e r u n g  dm'ch  n i k o t i n i n d u z i e r t e  Frei -  
se t zung  yon  a n t r a l e m  G a s t r i n  v e r u r s a c h t  wird. 
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T h e  B o h r  Effect and the  Red Cell  2-3  D P G  and Hb 
H i g h  Al t i tude  

I n  a p rev ious  p a p e r  1 we h a v e  r epo r t ed  t h a t  the  B o h r  
effect  of ind iv idua l s  of A m e r i n d i a n  or igin l iv ing in t he  
h igh l ands  of Pe ru  was s ign i f ican t ly  h igher  t h a n  t h a t  of 
E u r o p e a n s  l iv ing  a t  t he  same  a l t i t ude  and  we h a v e  in- 
t e r p r e t e d  th i s  di f ference as t he  effect  of a n  e v o l u t i o n a r y  
a d a p t a t i o n  to life a t  low oxygen  pressure .  

The  a im of t h e  p r e s en t  research  was 1. to  a sce r t a in  
w h e t h e r  in  a d i f fe ren t  popu la t ion ,  l iv ing  a t  a n  a l t i t ude  
c o m p a r a b l e  w i t h  t h a t  of t he  P e r u v i a n  popu la t ion ,  t he  
same a d a p t a t i o n  has  occur red ;  2. to  collect  more  d a t a  on  
E u r o p e a n s  in order  to  k n o w  if phys io logica l  p h e n o m e n a  
of a d a p t a t i o n  resu l t ing  in to  an  increase  of t he  B o h r  effect  
can  also occur  in  Caucas ian  indiv iduals .  

Materials and methods. Four  types  of i nd iv idua l s  were 
e x a m i n e d :  1. Sherpas  l iv ing  a t  h igh  a l t i t u d e ;  2. Sherpas  
l iv ing  a t  low a l t i t u d e ;  3. E u r o p e a n s  a t  h igh  a l t i t ude  and  
4. E u r o p e a n s  a t  low a l t i tude .  

The  research  has  been  carr ied ou t  in  Nepa l  in Oc tober  
1970. The  h i g h  a l t i t ude  samples  were t a k e n  a t  4950 
me t r e s  above  t he  sea level,  in t he  region of Solo K h u m b u ,  
f rom 24 por te r s  of t he  exped i t i on  and  12 m e m b e r s  of an  
I t a l i a n  a lp in is t ic  t e am.  The  bleedings  were done  a f te r  
s t ay ing  for t h r ee  to  four days  a t  t h a t  a l t i tude .  

The  low a l t i t ude  S h e r p a  samples  were o b t a i n e d  f rom 
a group of Sherpas  of t he  region of H e l a m b u ,  (about  3500 
me t r e s  above  t he  sea level) b u t  l iv ing  in K a t h m a n d u  
(1200 me t r e s  above  sea level)2. The  E u r o p e a n  samples  a t  
low level  were o b t a i n e d  f rom t he  same  a lp in is t ic  t e a m  in 
I t a l y  before  t he  d e p a r t u r e  of t he  expedi t ion .  

The  oxygen  d issoc ia t ion  curves  were d e t e r m i n e d  in 
R o m e  b y  a p rev ious ly  descr ibed s p e c t r o p h o t o m e t r i c  tech-  
n ique  ~ on  a i r sh ipped  hem o l ys a t e s  p r epa red  and  reduced  
wi th  n i t rogen  in the  field (previous  e x p e r i m e n t s  h a v e  

Content  in S h e r p a s  and E u r o p e a n s  at L o w  and at 

shown to us t h a t  t he  oxygen  aff in i t ies  of reduced  hemo-  
lysa tes  is s t ab le  for months ) .  

The  h a e m o g l o b i n  c o n t e n t  pe r  ml  of whole  b lood was 
d e t e r m i n e d  b y  t h e  c y a n m e t h a e m o g l o b i n  m e t h o d  4. The  
red cell 2-3  D P G  was d e t e r m i n e d  acco rd ing  to  BARTLETT 5 
on hemolysa t e s  whose 2-3 D P G  was s tab i l i zed  b y  boi l ing  
t he  spec imens  d i lu ted  in dis t i l led  water .  All  t he  hemo-  
lysa tes  were also e x a m i n e d  b y  s t a r c h  gel e lec t rophores i s  
accord ing  to  GOLDBERG 6 and  on ly  n o r m a l  h a e m o g l o b i n  
(A + As) were de tec ted .  

ResUlts and discussion. The  resu l t s  are shown in de ta i l  
in Tab les  I and  I I I  and  the i r  compar i sons  are shown  in 
Tab le  IV. 

Tab le  I shows t he  d a t a  conce rn ing  t he  E u r o p e a n s  a t  
low and  h i g h  a l t i tude .  The  B o h r  effect  a n d  m e a n  H b  
c o n t e n t  of t h e  2 samples  of E u r o p e a n s  are no t  s ign i f i can t ly  
d i f fe ren t  f rom each  o the r  (see Tab le  IV). However ,  some 
in t e r e s t i ng  i n t r acoup le  (subjects  No. 5, 9 a n d  12) differ- 
ence is a p p a r e n t  ( the i n t r acoup le  d a t a  refer  to  those  
sub jec t s  who  were t e s t ed  b o t h  a t  low and  a t  h i g h  a l t i tude) .  

i G. MORPURGO, L. BERNINI, P. BATTAGLIA, A. M. PAOLUCCI and 
G. MODIANO, Nature ,  Loud. 227, 387 (1970). 

s The Sherpas of the He l ambu  regiotl are p robab ly  of the same rac ia l  
s tock as those of the Solo Khumbu  region. The precise h i s to ry  of 
the Sherpa people is unknown,  bu t  i t  seems tha t  they  der ive from 
a T ibe tan  popula t ion  which crossed the H i m a l a j a  a few centur ies  
ago. 

a T. LEGOIO and G. MORPURGO, Annali Ist. sup. Sanit& 4, 373 (1968). 
4 E. J .  VAN KAMPEN and W. G. ZIJLSTRA, Clin. ehim. Acta 6, 538 

(1961). 
5 G. l~. BARTLETT, J. biol. Chem. 23d, 459 (1959). 
6 C. A. GOLDBERG, Clin. Chem. d, 485 (1958). 
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Table I. The distributions of the Ps0 at pH 7.4 and 6.8, of the Bohr effect, of the Hb and 2-3 DPG red cell contents in Europeans bled at low 
and at high altitude 

a) Europeans at the sea level 

Specimens Ps0 Bohr effect g of Hb/100 ml 
(b-a) of blood 

pH 7.4 (a) pH 6.8 (b) 

2-3 DPG [zmoles/1 ml of blood 

1 21 30 9 16.37 2.35 
2 22 27 5 17.11 2.20 
3 21 26 5 16.37 1.90 
4 22 28 6 17.66 1.90 
5 25 30 5 16.92 2.25 
6 23 28 5 16.37 2.25 
7 23 30 7 16.37 2.35 
8 23 30 7 17.29 2.20 
9 22 30 8 17.29 2.20 

10 21 26 5 16.56 1.90 
11 22 30 8 17.84 1.85 
12 22 30 8 16.74 2.35 
13 22 28 6 16.37 2.40 

Mean 22.23 28.69 6.46 16.87 2.162 

Coefficient of variation 
=m.s .d . /mean • 100 4.90 5.58 22.4 3.14 29.4 

b) Europeans at high altitude (4950 m) 

Specimens Ps0 Bohr effect g of Hb/100 ml 
(b-a) of blood 

pH 7.1 (a) pH 6.8 (b) 

2-3 DPG [zmoles/1 ml of blood 

1 21 30 9 15.01 3.25 
2 21 27 6 15.12 3.38 
3 20 27 7 16.19 3.64 
7 19 25 6 15.05 3.90 
9 25 35 10 16.37 4.16 

10 21 ' 27 6 15.31 3.64 
11 21 31 10 18.21 2.60 
12 24 29 5 14.31 4.55 
13 - -- -- 15.64 2.60 
14 21 33 12 16.56 4.68 
15 23 28 5 18.40 3.12 
16 23 27 4 16.92 3.25 
17 21 28 7 16.19 2.99 

Mean 21.67 28.92 7.25 16.10 3.520 

Coefficient of variation 
= m.s.d./mean • 100 7.94 9.92 33.8 7.58 18.9 

I n  t w o  cases  (9 a n d  14) we h a v e  f o u n d  in t h e  s a m p l e  
t a k e n  a t  h i g h  a l t i t u d e  a n  e x c e p t i o n a l l y  h i g h  B o h r  effect.  
H o w e v e r ,  i t  b e c a m e  n o r m a l i z e d  (see T a b l e  I I )  in  t h e  
s o l u t i o n s  o b t a i n e d  b y  f i l t e r ing  t h e  h e m o l y s a t e s  t h r o u g h  
G 25 S e p h a d e x  c o l u m n s  e q u i l i b r a t e d  w i t h  t h e  s a m e  bu f -  
fers, a f i nd ing  w h i c h  s t r o n g l y  s u g g e s t s  t h a t  sma l l  mole-  
cules  p r e s e n t  in t he se  t w o  h e m o l y s a t e s  were  r e s p o n s i b l e  
for  t h e i r  e x c e p t i o n a l l y  h i g h  B o h r  effect.  T h e  s a m e  sub -  

ab le  to  be  c a u t i o u s  whi le  i n t e r p r e t i n g  t he se  d a t a  in v i e w  
of  t h e  r e c e n t  f i nd ing  t h a t  a s t r o n g  c h a n g e  of t h e  B o h r  
effect,  a p p a r e n t l y  n o n  a d a p t i v e ,  can  occu r  in a p a t h o -  
logical  cond i t ion ,  i.e. in d i a b e t e s L  

A rea l ly  puzz l i ng  f ind ing  is t h a t  t he  sh i i t  t o w a r d s  tile 
r i g h t  of b o t h  t h e  o x y g e n  d i s soc ia t ion  c u r v e s  w h i c h  we 1 
a n d  o t h e r  a u t h o r s  s h a v e  a lso  f o u n d  in Pe ru ,  w a s  n o t  
a p p a r e n t  for  e i t h e r  t h e  E u r o p e a n s  or  t h e  N e p a l e s e  in t h e  

j ec t s  we re  b led  a g a i n  in I t a l y  2 m o n t h s  a f t e r  t h e  end  of " p r e s e n t  case ( the  s a m e  m e t h o d  w a s  u sed  for  e x a m i n i n g  
t h e  exped i t i on .  Tile B o h r  ef fec ts  t u r n e d  o u t  to  be  in te r -  t h e  P e r u v i a n  a n d  t h e  N e p a l e s  samples ) .  
m e d i a t e  b e t w e e n  t h o s e  o b s e r v e d  in Nepa l ,  a n d  t h o s e  of  
t h e  s o l u t i o n s  o b t a i n e d  f r o m  S e p h a d e x  f i l t r a t i o n  (see 
T a b l e  II).  These  r e su l t s  can  be  t e n t a t i v e l y  i n t e r p r e t e d  as  
a n  i n d i c a t i o n  t h a t  in  s o m e  E u r o p e a n s  a n  a d a p t a t i v e  
phys io log i ca l  c h a n g e  of  t h e  B o h r  effect  occur s  in r e s p o n s e  
to  t h e  l ower ing  of o x y g e n  p r e s s u r e .  H o w e v e r ,  i t  is adv i s -  

T p. BATTAGLIA, G. MORPURGO and S. PASSI, Experientia 27, 321 
(1971). 

s C. LENFANT, J. TORRANCE, E. ENGLISH, C. A. FINCH, C. REYNA- 
FARJE, J. RAMOS and J. FAURA, J. elin. Invest. d7, 12 (1968). 
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Table II. The Ps0 at pH 7.4 and 6.8 and the Bohr effect in different conditions 

I~XPERIENTIA 2 8 / 1 1  

The solutions which have been examined Subject No. 9 

Pso 

pH 7.4 pH 6.8 

Bohr effect 

Subject No. 14 

Pso Bohr effect 

pH 7.4 pH 6.8 

a) ~ Unfiltered hemolysate from blood obtained 
at the sea level 22 30 

b) �9 Unfiltered hemolysate from blood obtained 
at 4950 m of altitude 25 35 

c) The same hemolysate as in b) after having been 
filtered through a G 25 Sephadex column 19 24 

d) Unfiltered hemolysate from blood obtained at the 
sea level 2 months after the end of the expedition 18 26 

8 - -  - -  - -  

10 21 33 12 

5 19 25 6 

7 21 30 9 

The data of these 2 taws are those reported in Table I. 

Table III .  The distributions of the Pa0 at pH 7.4 and 6.8, of the Bohr effect, of the Hb and 2-3 DPG red cell contents in Nepalese bled at low 
and at high altitude 

a) Nepaleses at low altitude (1200 m) 

Specimens Ps0 Bohr effect g of ttb/100 ml 
(b-a) of blood 

pH 7.4 (a) pH 6.8 (b) 

2-3 DPG [zmoles/1 ml of blood 

201 -- -- -- 12.14 2.99 
202 22 29 7 17.07 2.99 
203 22 27 5 9.49 3.25 
204 20 26 6 12.03 3.12 
205 23 28 5 13.98 3.26 
206 24 28 4 16.48 3.25 
207 20 26 6 15.93 3.12 
208 23 29 6 13.65 2.60 
209 22 28 6 14.60 3.05 
210 21 27 6 14.20 2.34 
212 21 26 5 14.83 3.12 
213 18 26 8 15.83 2.60 
214 20 26 6 14.90 2.60 
215 25 30 5 13.10 3.25 

Mean 21.62 27.38 5.77 14.16 2.967 

Coefficient of variation 
= m.s.d./mean • 100 8.74 5.08 17.5 14.3 10.2 

T h e  m e a n  red  cell 2-3  D P G  c o n t e n t  ( expressed  pe r  m l  
of b lood)  t u r n e d  o u t  to  be  h i g h e r  in t h e  s u b j e c t s  b led  a t  
h i g h  a l t i t u d e  (see T a b l e  IV)  in a g r e e m e n t  w i t h  p r e v i o u s  
d a t a  s. Changes  in t h e  B o h r  effect  are  no t ,  h o w e v e r ,  cor-  
r e l a t ed  w i t h  t h e  2-3  D P G  c o n t e n t  b e c a u s e  t h e  v a r i a t i o n s  
of  o rgan ic  p h o s p h a t e  c o n c e n t r a t i o n s  r e q u i r e d  for  m o d i f y -  
ing  t h e  B o h r  effect  l a rge ly  exceed t h e  phys i o l og i ca l  r ange ,  
if t h e  h e m o g l o b i n  is in 0.1 M p h o s p h a t e  b u f f e r  9, as  in t h e  
e x p e r i m e n t s  he re  d iscussed .  

T h e  o x y g e n  d i s soc i a t ion  cu rves  of t h e  2 g r o u p s  of 
Nepa l e se  (Table  I I I )  a re  iden t i ca l  to  each  o t h e r  a t  b o t h  
t h e  p H ' s .  T h e  c o m p a r i s o n s  b e t w e e n  t h e  C a u c a s i a n  a n d  
t h e  Nepa l e se  s h o w  (Table  I V ) :  1. T h e  m e a n s  of t h e  Ps0 a t  
p H  7.4 a n d  p H  6.8 a n d  of  t h e  B o h r  effect  are  n o t  s igni-  
f i c an t l y  d i f fe rent .  2. T h e  E u r o p e a n s  a t  h i g h  a l t i t u d e  
s h o w e d  a n  inc reased  v a r i a n c e  for  all t h e  p a r a m e t e r s  he re  
s tud ied ,  in  c o n t r a s t  w i t h  t h e  S h e r p a  s u b j e c t s  w h o s e  

v a r i a b i l i t y  a t  h i g h  a l t i t ude  is h i g h  o n l y  for  t h e  2-3  D P G .  
I f  t h i s  h i g h  v a r i a t i o n  o b s e r v e d  in t h e  E u r o p e a n s  is caused  
b y  t h e  e n v i r o n m e n t a l  s t r ess  t h i s  f ac t  could  m e a n  t h a t  
t h e y  a re  m o r e  a f fec ted  a t  t h e  h a e m a t o l o g i c a l  level  b y  
t h e  life a t  h i g h  a l t i tude ,  p o s s i b l y  b e c a u s e  t h e y  a re  less 
f i t t ed  to  life in h y p o x i a  t h a n  t h e  She rpas .  3. T h e  2-3  
D P G  c o n t e n t  of  t h e  S h e r p a s  a t  h i g h  a l t i t u d e  does  n o t  
dif fer  s i gn i f i can t ly  f r o m  t h a t  of t h e  E u r o p e a n s  a t  t h e  
s a m e  a l t i t u d e  10. 

9 R. BENESCll and R. E. BENESCH, Nature, Lond. 221, 618 (1969). 
10 Acknowledgments. We wish to thank Mr. G. TENTI, the head of 

the alpinistie team, for his invaluable help. The expedition was spon- 
sored by grants from the International Biological Program (IBP), 
Italian Committee of the Consiglio Nazionale delle Ricerehe, Rome; 
from the WHO, from the Istituto Superiore di SanitY, Rome, 
and from the Club Aipino Italiano. 
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Tab le  I I I .  The  d i s t r i bu t i ons  of the  P~0 a t  pFI 7.4 and  6.8, of the  B o h r  effect ,  of  the  H b  al ld 2 -3  D P G  red  cell c o n t e n t s  in Nepalese  b led  a t  low 

a n d  a t  h igh  a l t i t ude  

b) Nepaleses  a t  h igh  a l t i t ude  (4950 m) 

Spec imens  P~0 B o h r  effect  g of H b / 1 0 0  ml  
(b-a) of b lood  

p H  7.4 (a) p H  6.8 (b) 

2 -3  D P G  ~zmoles/1 m l  of b lood  

109 22 31 9 16.37 3.25 
- -  - -  19.09 4.16 110 

111 21 27 6 16.56 3.77 
112 22 27 5 15.82 4.55 

114 21 27 6 17.03 3.64 
- -  - -  16.74 4.16 115 

- -  16.78 3.25 117 - -  - -  
118 19 26 7 17.11 3.64 

121 23 28 5 17.33 4.55 

122 20 25 5 16.48 4.16 
- -  14.31 3.25 123 - -  - -  

124 24 30 6 18.69 3.25 

128 19 25 6 18.32 2.79 

129 22 26 4 12.36 2.21 
- -  - -  16.33 4.55 130 

131 19 26 7 17.11 3.64 
- -  16.85 3.25 132 - -  - -  

134 23 31 8 18.43 3.25. 

Mean  21.25 27.42 6.17 16.76 3.629 

Coefficient  of v a r i a t i o n  
= m . s . d . / m e a n  • 100 8.05 7.84 22.7 9.37 17.7 

Tab le  IV. The  mos t  r e l e v a n t  c o m p a r i s o n s  conce rn ing  the  p a r a m e t e r s  u n d e r  s t u d y  

a) t he  m e a n s  

Ps0 p H  7.4 Ps0 p H  6.8 B o h r  effect  g H b / 1 0 0  ml  of b lood  2-3  D P G  ~xmoles/1 ml  of b lood  

Al t i t ude  low h igh  low h igh  low h igh  low h igh  low h igh  

E u r o p e a n s  22.23 21.67 28.69 b 28.92 6.46 7.25 16.87 b,a 16.10 b 2.16 a 3.52 a 

S h e r p a s  21.62 21.25 27.38 b 27.42 5.77 6.17 14.16 a 16.76 a 2.97 a,~ 3.63 c 

b) the  va r i ances  

A l t i t ude  low h igh  low h igh  low h igh  low h igh  low high 

E u r o p e a n s  1.19 b 2.97 b 2.56 b 8.27 b 2.10 b 6.02 b 0.28 ~ 1.50 ~ 0.041 ~,a 0.441 a 

S h e r p a s  3.59 b 2.93 1.92 4.63 1 . 0 3  1.97 b 4.06 a 2.45 0.092 ~, e 0.411 o 

Levels  of s igni f icances  of the  compa r i sons :  ~ P =<0.1; b p =< 0.05; ~ P < 0.01; a p ~ 0.001; the  p robab i l i t i e s  have  been  r e p o r t e d  on ly  for  the  
c o m p a r i s o n s  wi th  s t a t i s t i ca l ly  s ign i f i can t  (or a lmos t  so) differences.  

Riassunto. E u r o p e i  e S h e r p a s  h a n n o  m o s t r a t o ,  d o p o  

u n a  p e r m a n e n z a  d i  3 - 4  g i o r n i  a d  u n a  a l t i t u d i n e  d i  c i r c a  

5 0 0 0  m e t r i ,  n o r m a i i  P s 0  (a  p H  7 . 4  e d  a p H  6 .8 )  e d  e f f e t t o  

11 D e p a r t m e n t  of B iochemis t ry ,  The  L o n d o n  H o s p i t a l  Medical  
College, L o n d o n  E 1 (Eng land) .  

12 I s t i t u to  di  Gene t iea  de l I 'Univers i t~ ,  Cit t~ Un ive r s i t a r i a ,  1-00100 
R o m a  (I ta ly) .  

B o h r  ( m o l t o  v a r i a b i l e  I l e g l i  E u r o p e i )  e d  e l e v a t o  c o n t e n u t o  

e m a t i c o  d i  2 - 3  D P G .  
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