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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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s t r i c t ion  has  focused a t t e n t i o n  on t he  release of media tors .  
C romolyn  sod ium has  been  deve loped  on  the  basis  of i ts  
a c t i v i t y  on  th i s  ear l ier  s tep  of the  r eac t ion  sequence  wh ich  
follows a l lergen exposure  s and  m a n y  new c o m p o u n d s  
t h a t  i n h i b i t  h i s t a m i n e  release f rom m a s t  cells b u t  do no t  
a n t a g o n i z e  h i s t amine ,  h a v e  been  a n n o u n c e d  recent ly .  
Oxa tomide ,  t he  new c o m p o u n d  we p r e s en t  here,  is dif- 
f e r e n t  f rom b o t h  t ypes  of we l l -known drugs.  I t s  ef fect ive  
an t i -a l le rg ic  a c t i v i t y  a f te r  oral  a d m i n i s t r a t i o n  appea r s  to  
resu l t  f rom s imu l t aneous l y  i n h i b i t i n g  m a s t  cell d i scharge  
and  an t agon i z ing  w h a t e v e r  h i s t a m i n e  is set  free. Chemi-  
cally,  o x a t o m i d e  or R 35 443 is an  or ig inal  compound ,  
co r r e spond ing  to 1 -{3- [4 - (d ipheny lmethy l ) - l -p ipe raz iny l ]  
p ropy l} - l , 3 -d ihyd ro - 2H - benz i m i dazo l - 2 - one  (figure). The  
c o m p o u n d  is c u r r e n t l y  p r e p a r e d  b y  a l k y l a t i n g  1,3-di- 
hyd ro -2H-benz imidazo l - 2 - one  w i t h  1-bromo-3-chloropro-  
pane ,  w h e r e a f t e r  t he  ch l o r op r opy l de r i va t i ve  is coupled  
w i t h  1-(e, a -d ipheny lme thy l ) -p ipe raz ine .  B o t h  t he  a lky-  
l a t i ng  and  t he  coupl ing  s tep  occur  u n d e r  1 - m e t h y l e t h e n y l -  
p ro t ec t i on  of the  2nd benz imidazo l inone  n i t r ogen  and  t he  
p r o t e c t i n g  group  is r e m o v e d  b y  acid hydrolys is .  Chemi-  
cal ly  pu re  o x a t o m i d e  is a whi t e  to  s l igh t ly  beige powder  
w h i c h  is p rac t i ca l ly  insoluble  in water .  
O x a t o m i d e  was v e r y  effect ive in p ro t ec t i ng  guinea-pigs  
f rom a n a p h y l a c t i c  shock, accord ing  to t he  p rocedure  
p rev ious ly  used to s t u d y  c innar i z ine  and  f lunar iz ine% 
O x a t o m i d e  p r e v e n t e d  l e tha l  a n a p h y l a x i s  a t  leas t  as 
e f fec t ive ly  as t he  s imu l t aneous ly  induced  h i s t a m i n e  
p a w  oedema.  An ima l s  p r e p a r e d  for ac t ive  a n a p h y l a x i s  
were p r o t e c t e d  no t  on ly  f rom acu te  r e s p i r a t o r y  fai lure  
bu t ,  a t  s l igh t ly  h igher  doses, also f rom the  later ,  s lowly 
deve loping ,  ' p r o t r a c t e d '  shock.  In  all these  expe r imen t s ,  
t he  a n a p h y l a c r i c  r eac t ion  of guinea-pigs  is m e d i a t e d  
b y  IgG~-ant ibodies .  I n  h u m a n s  I g G - d e p e n d a n t  h y p e r -  
s ens i t i v i t y  is c l inical ly  i m p o r t a n t  ~0, b u t  t he  m a j o r  
m a s t  cell f ixing a n t i b o d y  is of the  IgE- type .  O x a t o m i d e  
was  t h e n  s tud ied  in a widely  used mode l  of sens i t i za t ion  
w i t h  I g E  an t ibodies ,  pass ive  c u t a n e o u s  a n a p h y l a x i s  
(PCA) in t he  ra t .  In  our  procedure ,  r eac t ions  to  h i s t a -  
m ine  were induced  in t he  skin  of t he  an ima l s  a t  t he  
same  t ime  as PCA react ions .  The  effect  of ora l ly  ad-  
m i n i s t e r e d  o x a t o m i d e  was dos e - dependen t  and  para l le l  for 
b o t h  r eac t ion  t ypes  in t he  r ange  of 1.25 to 40 mg/kg ;  th i s  
l a t t e r  dose v i r t u a l l y  t o t a l l y  p r e v e n t e d  dye  a c c u m u l a t i o n  
in t he  r eac t ive  skin  zones. Cromolyn  sod ium a t  t he  dose 
of 40 mg/kg,  in jec ted  i.v. j u s t  before  the  cha l lenge  w i t h  
h i s t a m i n e  and  w i t h  an t igen ,  p roduced  a s ign i f ican t  re- 
d u c t i o n  of the  PCA reac t ion  in tens i ty ,  w i t h  no  effect  on  
t h e  h i s t a m i n e  reac t ions .  Ora l ly  a d m i n i s t e r e d  m e p y r a -  
mine,  d i p h e n h y d r a m i n e  a n d  d o x a n t h r a z o l e  were i nac t ive  
a t  t he  dose of 40 mg/kg,  aga ins t  e i the r  reac t ion  type .  
The  a c t i v i t y  of o x a t o m i d e  was f u r t h e r  explored  in dogs. Al- 
t h o u g h  a n a p h y l a x i s  was f i rs t  descr ibed  in dogs 11, a n i m a l s  
of th i s  species h a v e  ra re ly  been  used to s t u d y  the  a c t i v i t y  
of new c o m p o u n d s  aga i n s t  h y p e r s e n s i t i v i t y  react ions .  I t  
is, however ,  in  th i s  species t h a t  the  s t u d y  of o x a t o m i d e  
c lear ly  revea led  its u n u s u a l  c o m b i n a t i o n  of act iv i t ies .  

M a n y  dogs acquire  h y p e r s e n s i t i v i t y  to  w o r m  al lergens  1~, 
and  beagles  r e spond ing  w i t h  the  r ap id  f o r m a t i o n  of a 
large b leb  upon  i n t r a d e r m a l  in j ec t ion  of d i lu ted  Ascar i s  
s u u m  coeloma fluid, were selected for t he  o x a t o m i d e  s tudy .  
The  oral  dose of 10 mg/kg ,  a d m i n i s t e r e d  4 h before  t he  
chal lenge,  v i r t u a l l y  t o t a l l y  suppressed  t he  oedema  of th i s  
allergic reac t ion ,  and  2.4 m g / k g  was the  ca lcu la ted  EDs0. 
S i m u l t a n e o u s  e v a l u a t i o n  of t he  response  to h i s t a m i n e  in- 
d ica ted  t h a t  a dose of 3.6 m g / k g  is requ i red  to reduce  t he  
oedema  b y  half .  F r o m  the  q u a n t i t a t i v e  compar i son  i t  
aga in  appea red  un l ike ly  t h a t  the  p r o n o u n c e d  ant i -a l le rg ic  
a c t i v i t y  of o x a t o m i d e  could resu l t  f rom h i s t a m i n e  a n t a -  
gon ism alone. E x p e r i m e n t s  were t h e n  set  up  to  s t u d y  t he  
effect  of o x a t o m i d e  on  h i s t a m i n e  release.  I t  is k n o w n  t h a t  
the  s u r f a c t a n t  C remophor  E L  R is a p o t e n t  h i s t a m i n e  re- 
leaser  in dogs ~s and  h i s t a m i n e  p l a s m a  levels were mea-  
sured 1, before  , and  a t  va r ious  t imes  after ,  the  i.v. in jec t ion  
of d i lu ted  Cremophor  in dogs. 5 ra in  a f t e r  the  in jec t ion ,  
h i s t a m i n e  r eached  a b o u t  40 t imes  t he  c i rcu la t ing  base l ine  
level  and  ora l  a d m i n i s t r a t i o n  of o x a t o m i d e  4 h before  t he  
chal lenge s t rong ly  l imi ted  t he  response.  R e d u c t i o n  to  ha l f  
t he  con t ro l  va lue  requ i red  a dose of 2.75 mg/kg.  In  a 
s epa ra t e  expe r imen t ,  i t  was ver i f ied t h a t  oxa tomide  does 
no t  change  t he  c learance  of i.v. i n j ec ted  h i s t a m i n e ;  a n d  
i t  is the re fore  conc luded  t h a t  t he  lower h i s t a m i n e  levels 
a f te r  o x a t o m i d e  a d m i n i s t r a t i o n  in the  Cremophor  s t u d y  
ref lect  p ro t ec t i on  of t issue h i s t a m i n e  stores.  Th i s  p r o -  
t ec t ion  was obse rved  a t  t he  u l t r a s t r u c t u r a l  level in t he  
pe r ib ronch io l a r  m a s t  cells of guinea-pigs  sub jec ted  to 
sys temic  a n a p h y l a x i s .  Af ter  o x a t o m i d e  t r e a t m e n t ,  t hese  
cells r e m a i n  largely  u n c h a n g e d ,  whereas  in  the  cor respond-  
ing cont ro l s  d e g r a n u l a t e d  m a s t  cells were recognized b y  
the  a p p e a r a n c e  of nuc lea r  m ic ro tubu l e s  and  swollen 
m i t o c h o n d r i a  15. 
S tudies  on  the  gu inea-p ig  i leum revea led  o x a t o m i d e  
to be  a p o t e n t  a n t a g o n i s t  of h i s t a m i n e  w i t h  a dua l  
t y p e  of act ion,  c o m p e t i t i v e  a t  low doses and  n o n c o m -  
pe t i t i ve  a t  h igher  doses. This  mixed  t y p e  of a n t a g o n i s m  
is q u a l i t a t i v e l y  unl ike  m e p y r a m i n e .  Also the  an t i -  
s e ro ton in  a c t i v i t y  of o x a t o m i d e  on isola ted ar ter ies  was  
p r o n o u n c e d ;  in a n a e s t h e t i z e d  guinea-pigs  se ro ton in- in-  
duced  b r o n c h o c o n s t r i c t i o n  w a s a n t a g o n i z e d  as effect ively  
as h i s t a m i n e - i n d u c e d  b ronchocons t r i c t i on .  These  effects 
were slow in onse t  b u t  long- las t ing,  wh ich  suggests  t i g h t  
b ind ing  of o x a t o m i d e  to p u l m o n a r y  and  o the r  t issue. Oxa-  
t o m i d e  did  no t  exh ib i t  H2-an t agon i sm on the  guinea-p ig  
a t r i um.  
O x a t o m i d e  p roduced  m a x i m a l  suppress ion  of i m m e d i a t e  
h y p e r s e n s i t i v i t y  reac t ions  a t  doses wh ich  did no t  induce  
a n y  b e h a v i o u r a l  change  in t he  same species. Absence  of 
CNS effects was conf i rmed  in specific t e s t s  for neuro lep t ic ,  
analgesic ,  a n t i c o n v u l s a n t  and  a n t i d e p r e s s a n t  ac t iv i ty .  In  
t he  ca rd iovascu la r  eva lua t ion ,  t he  on ly  effect occur r ing  
a f te r  h igh  i.v. or oral  doses was a s l ight  and  t r a n s i e n t  de-  
crease in b lood pressure.  I~l accordance  w i t h  e x p e r i m e n t s  
on isola ted t i ssues  a n d  on haemos tas i s ,  th i s  effect appea r s  
to  be  due  to pe r iphe ra l  vasod i la t ion .  Oxa tomide  h a d  no 
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effect  on p la te le t  funct ion,  p lasma coagulat ion and 
fibrinolysis,  and did no t  affect  gas t ro in tes t ina l  funct ion  or 
chronic a r th r i t i s  in rats .  High doses p roduced  a pro-  
gressively more p ronounced  depressan t  behavioura l  ef- 
fect, bu t  acute  tox ic i ty  was low. The large safe ty  margin  
of oxa tomide  was conf i rmed in the  e labora te  chronic 
tox ic i ty  s tudies  in ra t s  and dogs. 
The pharmacologica l  profile of oxa tomide  clearly war-  
r an t ed  s tudies  in man.  I t  soon appeared  tha t ,  upon 
oral admin i s t ra t ion ,  the  new c o m p o u n d  was ve ry  ef- 
fect ive in reducing wheal  and  flare responses  to aller- 
gens in a topic  pa t ien ts .  Allergic rhini t is  and conjunc-  
t ivi t is  d i sappeared  wi th in  3 days  in 60% of the  large 
group of pa t i en t s  who were tak ing  20 mg of oxa tomide  
3 t imes  a day  in a double-b l ind  s tudy  16. In  a s thma t i c  
chi ldren,  oxa tomide  and c romolyn  sodium proved  
to be effect ive inhib i tors  of exercise- induced as thma .  
Oxa tomide  was super ior  to c romolyn  sodium, as the  
a i rway  obs t ruc t ion  was s ignif icant ly  inhibi ted  a t  all 
post -exercise  t ime intervals ,  and  as the  peak decrease of 
the  1st sec forced exp i ra to ry  vo lume was s ignif icant ly  
smaller  17. 
As is expec ted  f rom a p o t e n t  Hi -an tagonis t ,  oxa tomide  
p reven t s  the  effects  of h i s t amine  on the  isolated guinea- 
pig ileum, in p u l m o n a r y  t issue and  in the  skin of var ious  
species. At  the  same t ime,  oxa tomide  differs f rom classical 
an t i h i s t amine  agents  in several  respects .  In  v i t ro  the  new 
compound  exhibi t s  a slowly developing bu t  sus ta ined  ac- 
t iv i ty  which is pa r t l y  non compet i t ive .  Oxa tomide ' s  high 

ac t iv i ty  in rats,  guinea-pigs and dogs is ob ta ined  af ter  
oral admin i s t r a t ion  and suppress ion of anaphy lac t i c  or 
allergic react ions  in the  3 species is p ronounced  a f te r  a 
dosage at  least  as low as t h a t  required for the  suppress ion 
of h i s t amine- induced  react ions.  This p ronounced  ant i -  
allergic ac t iv i ty  appears  to be l inked to the  inhib i t ion  of 
h i s t amine  release. However ,  by  con t r a s t  to c romolyn  
sod ium and to o ther  similarly act ing compounds ,  oxa- 
tomide  is h ighly  act ive for a long t ime af ter  oral  ad- 
minis t ra t ion .  F u r t h e r m o r e  the  new co mp o u n d  is ac t ive  
aga ins t  immedia te  hype r sens i t i v i ty  react ions,  i r respect ive 
of sensi t iza t ion by  IgG or IgE  homocy to t rop i c  ant ibodies .  
In  conclusion, 2 i m p o r t a n t  mechan i sms  for the  inhibi t ion 
of hype r sens i t i v i t y  react ions  appear  combined  at  effect ive 
doses of oxa tomide ,  inhibi t ion of med ia to r  release, as well 
as p o t e n t  an tagon i sm of their  spasmogenic  ac t iv i ty .  In 
animals,  v i r tua l ly  to ta l  aboli t ion of anaphy lac t i c  and 
allergic react ions  is thus  ob ta ined  at  doses free of be- 
havioura l  effects  and  far below toxic  levels. The  1st 
clinical observa t ions  in man  indicate  t h a t  th is  p h a r m a -  
cological profile may  resul t  in a novel  t y p e  of effect ive 
an t i a s t h ma t i c  drug. 

16 R. De Beule, E. Vannieuwenhuyse, J. Callier, W. Verstraete, 
F, Degreef, M. Gregoire, Y. Robience, W. Stevens and P. Libert, 
Acta allerg. 32, 278 (1977). 

17 J. De Cree, J. Streumer, H. Geukens and H. Verhaegen, sub- 
mitred for publication (1977). 

R a d i o i m m u n o a s s a y  of s o m e  h o r m o n e s  s i m u l t a n e o u s l y  m e a s u r e d  in s e r u m  and b r e a s t  cys t  f luid 

L. S. S r ivas tava  1, H. Pescovi tz ,  R. D. Singh, G. Per i su t t i  and H. C. Knowles ,  J r  z 

Metabolism Division, Department of Medicine, University o/ Cincinnati Medical Center and Surgical Department, 
Jewish Hospital, Cincinnati (Ohio 45267, USA), 3 May 1977 

Summary. Blood and breas t  cys t  fluid were d rawn  s imul taneous ly  for hormona l  de te rmina t ion .  There  was no difference 
be tween  serum a n d  cys t  fluid values of P R L  and  TSH.  A s ignif icant  difference was no ted  for LH (p < 0.01) and F S H  
(p < 0.05), se rum concen t ra t ions  being higher  t h a n  cys t  fluid concent ra t ions .  

There  is a h igh incidence of b reas t  cyst ,  bu t  l i t t le has  been 
publ i shed  regarding the  ho rmona l  composi t ion  of th is  
easily ob ta inab le  cys t  fluid 3. Benign cyst ic  disease of the  
h u m a n  breas t  is no t  general ly  cons idered  in itself to be a 
precancerous  lesion, bu t  earl ier  s tudies  have  suggested 
t h a t  women  who develop  benign  b reas t  disease are a t  
increased risk of later  acquir ing breas t  cancer4-L The 
f requency  of benign disease in b reas t  t issue r emoved  at  
m a s t e c t o m y  is r epor ted  to be 39% , and m a m m a r y  
carc inoma developed in the  af fec ted  cases 1.73 t imes  as 
of ten  as i t  did in the  general  popu la t ion  8. W o m e n  wi th  
cyst ic  disease have  abou t  4 t imes  the  breas t  cancer  ra te  
of comparab le  women  wi thou t  cyst ic  disease 9. Ano the r  
s t u d y  repor ted  also shows the  prevalence  of ma l ignan t  
t r ans fo rma t ion  in the  to ta l  series of 876 cases to be 
3.1% 10. The presence  of in t racys t ic  carc inoma is ve ry  
r a r e  11-13. 
These observa t ions  have  led to 2 hypo theses  on the  mech-  
anism of possible associat ion be tween  cyst ic  mas t i t i s  and 
cancer  14. According to the  first,  cyst ic  disease could be a 
p r ema l ignan t  condi t ion  t h a t  e i ther  predisposes  to neo- 
plat ic  change  or is an early man i fes t a t ion  of ma l ignan t  
change.  According to the  second,  benign and ma l ignan t  
b reas t  diseases could have  factors  in common,  such as 
hormona l  pa t t e rn .  In  line w i th  the  la t t e r  hypothes is ,  we 
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