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plausible.  The a p p a r e n t  inabi l i ty  of TS to increase the  T- 
i n d e p e n d e n t  responses ,  however ,  indicates  t h a t  any  single 
i n t e rp r e t a t i on  m a y  be inadequa te  to  expla in  t he  immu n o -  
p o t e n t i a t i n g  effect  of th is  compound .  Thiols have  been  
shown to  improve  the  v iab i l i ty  and g rowth  of l ympho-  
cytes  in v i t ro  as well as to enhance  the  act ion of mi togens  
on splenic l y m p h o c y t e s  s0. While  the  increased spleen size 
in T S - t r e a t e d  an imals  m i g h t  be due to  the  g rowth-pro-  
mo t ing  ac t iv i ty  of th is  compound ,  ' sensi t iz ing '  p roper t ies  
migh t  be responsible  for the  augmen ted  synthes is  of im- 
munoglobul ins .  There  is still  the  possibi l i ty  t h a t  TS in- 
f luences t he  humora l  responses  indirect ly.  As shown b y  
To rm ey  et  al. 31, t r ans fe r r in  grea t ly  enhances  the  g rowth  
of l y m p h o c y t e s  in response  to  P H A  and  ant igens  in vi tro.  
Since the  t r ans fe r r in  level in TS- in jec ted  animals  was al- 

ways  s ignif icant ly  increased,  th is  migh t  imply  t h a t  TS 
augmen t s  the  i mmu n e  responses  by  t r ans fe r r in -med ia t ed  
mechan i sm.  All these  possibi l i t ies  are n o t  mutua l ly  ex- 
clusive, and  fu r the r  expe r imen t s  along these  lines are in 
progress.  
Al though  it is no t  ye t  possible to d raw general  conclusions 
on the  kinet ics  and mechan i sms  of TS-act ion,  its s t rong  
s t imula t ing  effect  on the  mouse  i mmu n e  sys tem seems 
obvious.  The low tox ic i ty  of TS and its i m m u n o p o t e n -  
f lar ing effect  encourage its t he rapeu t i c  use. 
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Summary. Methemoglob in  levels have  been found to v a r y  wi th  a l t i tude  and  to shif t  the  hemoglob in -oxygen  dis- 
sociat ion curve.  In  th is  s tudy,  hema toc r i t s  and me themog lob in  levels were moni to red  in ra t s  exposed  to h y p o x i a  
(420 tor r  absolute) for var ious  intervals .  Hema toc r i t s  gradual ly  increased t h r o u g h o u t  the  per iod of hypoxia ,  while  
me themog lob in  levels rose by  12 h, peaked  a t  24 h and  r e tu rned  to contro l  level by  d a y  6. These data ,  in the  co n t ex t  
of o the r  work,  suggest  t h a t  increased me themog lob in  is i m p o r t a n t  in acc l imat ion  to  h y p o x i a .  

H u m a n  and an imal  sojourners  in h igh  a l t i tudes  respond  
to h y p o x i a  w i th  a decline in hemoglob in -oxygen  af- 
f ini ty ,  ind ica ted  b y  a sh i f t  of the  hemoglob in -oxygen  dis- 
sociat ion curve  to  the  r igh t  8-5. P resumably ,  th is  effect  
resul ts  f rom hemoglob in ' s  in te rac t ion  wi th  2, 3-diphospho-  
g lycera te  (2,3-DPG), which  s ter ical ly  h inders  b ind ing  
wi th  oxygen  6-s. In  lowland na t ives  t aken  to  h igh  a l t i tudes ,  
c i rcula t ing levels of 2 ,3-DPG increase by  48 h and remain  
e leva ted  4. On the  o the r  hand ,  a re la t ive ly  grea t  hemo-  
g lobin-oxygen af f in i ty  is charac ter i s t ic  of animals  na t ive  
to  h igh  a l t i tude  s and  of aqua t ic  animals  exposed  to  
hypox ia  i~ Now, a t  ex t r eme  al t i tude,  p u l m o n a r y  oxy-  
gena t ion  r a the r  t h a n  t issue ex t rac t ion  is the  l imit ing fac- 
to r  in oxygen  t r a n s p o r t ;  and,  by  art i f icial ly increasing 
the i r  hemog lob in -oxygen  affini ty,  E a t o n  l0 prolonged the  
surviva l  of acu te ly  hypox ic  rats .  In  the  l ight  of th is  back-  
g round  informat ion ,  one m i g h t  hypo thes ize  t h a t  the  nor-  
mal  response  of lowland s p e c i e s -  decreased hemoglob in-  
oxygen  af f in i ty  - is ma ladap t ive .  

Hematocrits and methemoglobin levels in response to various 
periods of hypoxia 

Hypoxia Hematocrit (%) Methemoglobin (%) 
(days) n Mean 4- SD p Mean i SD p 

0 19 42.3 i 1.70 ... 4.32 :L 2.04 ... 
0.5 5 44.6 ! 2.60 N.S. 7.35 • 3.88 <0.05 
1 9 46.0 :~ 3.33 <0.05 10.49 • 3.01 <0.001 
2 10 49.6 -b 3 .62  <0.001 10.25 4- 2.52 <0.001 
3 9 47.4 ::L 3 .40 <0.001 7.40 4- 1.23 <0.001 
4 9 48.2 4- 4.07 <0.001 7.94 -4- 3.07 <0.001 
5 5 49.4 4- 3 .65 <0.001 6.51 ::L 0.93 <0.05 
6 9 53.6 -[- 2 .80  <0.001 5.16 4- 1.71 N.S. 

Rats were kept at 420 torr absolute in a hypobaric chamber. Values 
of control and experimental samples were compared by Student's 
t-test. 

Methemoglobin ,  even t h o u g h  i t  carries no oxygen  n,  has  
been found  to increase hemoglob in -oxygen  aff ini ty  13. The 
level of me themog lob in  in m a n  na t ive  to  h igh  a l t i tude  is 
abnorma l ly  h igh  and is inverse ly  re la ted  to red cell 
n u m b e r ;  the  level drops  to  no rma l  when  the  subjects  go 
to lower a l t i tudes  i3. For  a compar ison ,  we moni to red  
me themog lob in  and  hema toc r i t s  in a lowland representa-  
t ive,  t he  rat ,  dur ing  acc l imat ion  to  hypoxia .  
Method. L o n g - E v a n s  ra t s  were  exposed  to  s imula ted  h igh  
a l t i tude  in a hypobar i c  c h a m b e r  ma in t a ined  a t  420 to r r  
absolute .  Microhematocr i t s  were  de t e rmined  on b lood 
f rom the  tai l  vain.  Methemoglob in  per  200-fzl sample  of 
blood was measured  b y  the  m e t h o d  of Eve lyn  and  
Malloy 14 as modif ied  b y  V a n d e n b e l t  e t  al. 15. Values of 
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contro l  and exper imen ta l  samples  were compared  by 
S t u d e n t ' s  t - tes t .  
Results.The ery thropoie t i c  response  of roden t s  to hypox ia  
is well documented~6-1s:  H y p o x i a  s t imula tes  the  pro-  
duc t ion  of e ry th ropo ie t in  19, which  in tu rn  s t imula tes  
m a t u r a t i o n  of bone marrow2~ and has tens  the release of 
re t iculocytes  into the  per iphera l  blood 21. This process is 
fol lowed in the  table,  as hema toc r i t  versus  days  of hypox-  
ie exposure.  The hema toc r i t  g radual ly  rises t h roughou t  
the  per iod of exposure,  s ignif icant ly  so (p ~ 0.05) by  day  
1. Concurrent ly ,  a sharp  rise in methemoglob in ,  signifi- 
can t  (p < 0.05) by  12 h, peaks  a t  24 h (p < 0.001) and 
re tu rns  to  control  level by  day  6. 
Discussion. Normal  me themog lob in  levels are main ta ined  
by  a ba lanced  cycle of ox ida t ion  and reduct ion  of hemo-  
globin and methemoglobin ,  respect ive ly  2~. Hypoxic  stress 
causes me themog lob in  levels to e levate  rapidly,  signifi- 
can t ly  so (p < 0.05) by  12 h, far  fas ter  than  the cor- 
responding  e ry thropoie t i c  response  (table) 18. This dras t ic  
rise could be expla ined by  the  fact  t h a t  deoxygena ted  
hemoglobin ,  p reva len t  under  hypoxia ,  oxidizes more  
readi ly to me themoglob in  than  does oxygena ted  hemo-  
globin23. Al terna t ive ly ,  a decrease in N A D H  levels or in 
N A D H  methemog lob in  reduc tase  ac t iv i ty  could account  
for a d iminished  reduc t ion  of me themog lob in  to hemo-  
globin22. The re tu rn  of normal  me themog lob in  levels by  
the  6th day  of hypox ia  could occur by  the reversal  of 
these processes af ter  the  hema toc r i t  has  s tabi l ized at  a new 
high (table). This re la t ionship  cor robora tes  the  observa t ion  
of Gourdin et  al. 13 men t ioned  earlier. 
Al though  observed in h igh-a l t i tude  res iden ts  ~3, m e t h e m o -  
globin has not  been examined  for accl imat ive  significance. 
Combined  wi th  w h a t  is now known  abou t  this  process,  
our d a t a  pe rm i t  the  following descr ip t ion :  In  lowland 

nat ives ,  hypox ia  evokes a rapid rise in me themoglob in  
(table), which increases the  s t r eng th  of the  af f in i ty  be- 
tween  hemoglobin  and oxygen le, which  in t u rn  sa tu ra t e s  
the  blood wi th  oxygen for del ivery to the  tissues, which  
then  faci l i tates  survival  I0 unti l  gradual  e ry thropoies is  
can increase t he  b lood 's  oxygen-car ry ing  capac i ty  by  en- 
larging the  e ry t h ro n  (table)is.  Methemoglob in  levels can 
only t h e n  re tu rn  to normal  as 2,3-DPG levels rise 4. The 
process  even tua l ly  leads to the  high h e m a t o c r i t  and  low 
hemoglob in-oxygen  aff ini ty  charac ter i s t ic  of sojourners  
in h igh  al t i tude.  
Research  is needed to de te rmine  w h e t h e r  a cor responding  
shif t  in the  hemoglob in -oxygen  dissociat ion curve does 
occur and  w h e t h e r  e levated me themog tob in  does affect  
survival .  Meanwhile,  we conclude t h a t  the  d r ama t i c  
t h o u g h  t r ans i en t  rise in me themog lob in  revealed in our 
s t u d y  is an effect ive sho r t - t e rm physiologic a d j u s t m e n t  
of a lowland na t ive  to an oxygen-def ic ien t  env i ronment .  
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Summary. Oxatomide  is a new p o t e n t  inhib i tor  of anaphy lac t i c  and  allergic react ions.  Af ter  oral admin is t ra t ion ,  the  
c o m p o u n d  bo th  inh ib i t s  the  release of endogenous  h i s tamine  and  p reven t s  the  effects of exogenous  h is tamine ,  a t  
comparab le  doses. The combina t ion  of these  effects appears  to be the  basis of the  effect iveness of oxa tomide  in allergic 
react ions  and m a y  lead to clinical appl ica t ions  di f ferent  from classical  an t ih i s tamin ics  and f rom cromoglycate .  

Allergic react ions  cent re  on mas t  cells. I t  has  long been 
recognized t h a t  the  p o t e n t  spasmogenic  agent ,  h is tamine,  
is s tored  in th is  t ype  of cell 1. Ant ibod ies  of a special class, 
ident i f ied  as IgE  or reaginic ant ibodies ,  b ind slowly bu t  
t i gh t ly  to its surface2 and subsequen t  con tac t  of the  al- 
lergen wi th  the  sensi t ized m a s t  cell is a powerful ,  specific 
t r igger  for the  release of in t racet lu lar  h i s t amine  3. The final 
physiological  responses  depend  on the  topographica l  re- 
la t ion be tween  the  discharging m a s t  cells and the  media-  
tor -sens i t ive  sm oo th  muscle.  An unexpec t ed  feature  of 
th is  re la t ion in space is the  r ecen t  f inding t h a t  h i s tamine-  
con ta in ing  cells are found wi th in  the  lumen of h u m a n  
bronch i  4. 
The ra t iona l  t r e a t m e n t  of allergic pa t i en t s  s t a r t ed  wi th  
the  in t roduc t ion  Of an t ih i s tamin ic  drugs in 1942 5 . Af te r  
30 years  of use, however ,  i t  is wide ly  accepted  t h a t  the  
t he rapeu t i c  effect iveness  of the  classical Ha-antagonis ts  

in allergic condi t ions  has been d i sappoin t ing  in m a n y  
respects  6 and of no or l i t t le in te res t  in a ma jor  allergic 
condi t ion,  t h a t  of a s t h m a L  The re la t ive  failure of these 
c o m p o u n d s  in p reven t ing  h u m a n  allergic b ronchocon-  
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