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hemoglobinS. This  subject  has no known clinical or  
hemato log ica l  abnormal i t ies .  

Discussion. Var iab i l i ty  in A T P  inhibi t ion  of h u m a n  
G-6-PD and fai lure to  observe inhibi t ion  wi th  sheep 
G-6-PD is ano the r  va r i an t  charac ter i s t ic  of this  enzyme.  
K i  for A T P  l ike ly  should be considered one of t he  
pa ramete r s  requi red  to  character ize  new G-6-PD v a r i a n t s ;  
Ki  m a y  also belong in t he  list  of desirable s tudies  t h a t  
the  W H O  scientif ic  group out l ined  18 

Severa l  inves t iga tors  have  repor ted  discrepancies  be-  
tween  G-6-PD a c t i v i t y  (as measured  spec t rophoto-  
metr ical ly)  and  clinical manifes ta t ions .  Hemolysa t e s  
f rom nonanemic  indiv iduals  w i th  the  Medi ter ranean-  
type  G-6-PD def ic iency have  less a c t i v i t y  (0.9% of 
normal)  than  some Caucasians wi th  chronic  nonsphero-  
cy t ic  hemoly t i c  disease, l ike the  Chicago va r i an t  (9 -26% 
of normal  act ivi ty)  ~4. G-6-PD ac t i v i t y  in hemolysa tes  does 
not  corre la te  wi th  sever i ty  of p r imaqu ine  sens i t iv i ty  in 
v ivo  15. Some of the discrepancies  m a y  be accounted  for by  
differences in v ivo  enzyme s tabi l i ty ,  p H  op t imum,  and 
al tered kinetics.  The  inf luence of o ther  substra tes  on pro-  
teins in the  in tac t  e ry th rocy tes  m a y  be equa l ly  impor tan t .  

Km-G6P and Ki-ATP of erythroeyte glucose-6-phosphate dehydro- 
genase 

Km-G6P Ki-ATP 
([zM) ([zM) 

Hulrtai1 
1 78.0 ± 7.4 ~ 1110.0 =l= 302.0 
2 108.0 ± 4.3 2280.0 ± 408.0 
3 112.0 -t- 6.4 2190.0 212 536.0 
Sheep 
1 70.6 -t- 4.6 b 
2 68.3 ± 4.5 b 
3 179.2 i 11.5 b 

" :k Standard error, b Not observed. 

Effec ts  of changes in Km-G-6 -P  and K i - A T P  can be 
e s t ima ted  using re la t ive  ve loc i ty  equat ions  of D i x o n  
and WEBB ~e. Assuming G-6-P concen t ra t ion  of 27 txM 17 
a 75% decrease in the  Km-G-6 -P  increases the  inhib i ted  
r e l a t ive  reac t ion  ra te  37% (from 0.197 to  0.257). De- 
creasing the  K i - A T P  one-half  (assuming an A T P  con- 
cen t ra t ion  of 1.35 m M )  decreases t he  reac t ion  25% 
(from 0.197 to  0.131) when  the  K m - G - 6 - P  is 110 t~M 
and the  G-6-P is 27 vM.  Because  bo th  the  K m - G - 6 - P  
and the  K i - A T P  are lowered in this  pa r t i cu la r  m u t a n t ,  
t he  r e l a t ive  reac t ion  ra te  does no t  differ  s ignif icantIy  
(0.131 for normat  verus,  0.133 for the  mutan t ) .  However ,  
the  calcula t ions  are based on the  react ion ra te  re la t ive  
to the  m a x i m u m  ve loc i ty  and do no t  consider  ac tua l  
enzyme  ac t i v i t y  per  g ram hemoglobin .  

Zusammen/assung. Es wird  eine Glukose-6-Phosphat -  
Dehydrogenase  in E r y t h r o z y t e n  des Menschen beschrie- 
ben,  bei  der  die Michae l i s -Kons tan te  fiir Glukose-6- 
Phospha t  und die I n h i b i t o r - K o n s t a n t e  ffir Adenosin-  
t r iphospha t  ern iedr ig t  sind. E r y t h r o z y t e n  des Schafes 
zeigen keine kompe t i t i ve  H e m m u n g  m i t  ATP.  
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Effect of  bacter ia l  A n t i g e n s ,  P r o p r a n o l o l ,  and  Insu l in  on  the  S u s c e p t i b i l i t y  of  Mice  to H y p o t h e r m i c  
S t r e s s  

Accumula ted  evidence suggests t h a t  an imals  can be 
rendered more  susceptible  to cer ta in  noxious  s t imuli  by  
decreasing the i r  b lood sugar levels or by  p reven t ing  the  
usual  hyperg lycemic  response to s t r e s s l -~  4 agents  pos- 
sessing the  above  s t ress-enhancing and glucose-lowering 
proper t ies  have  been ex tens ive ly  s tudied in our  own and 
o ther  laboratories .  These include the  his tamine-sensi-  
t iz ing fac tor  (HSF)  of Bordetella pertussis, bac te r ia l  
endotoxin ,  insulin, and fl-adrenergic b locking drugs such 
as propranolol .  In  mos t  instances,  these agents  h a v e  
been found capable  of d rama t i ca l ly  increasing the  
sens i t iv i ty  of exper imenta l  an imals  to  a wide va r i e t y  of 
pharmacological ,  immunolog ica l  and physical  stresses 1-1t 

In  1957 MuNoz and SCHUCHARDT repor ted  t h a t  severa l  
days  af ter  inocula t ion wi th  per tussis  vaccine,  mice  were  
rendered  s ignif icant ly  more suscept ible  to cold exposure  
than  uninocula ted  mice. The  c o m p o n e n t  of B. pertussis 
responsible  for this  effect  was no t  de termined .  More 
recent ly ,  BERRY 1~ has shown tha t  bacter ia l  endo tox in  
possesses a s imi lar  enhancing effect  when in jec ted  into  
mice i m m e d i a t e l y  pr ior  to the i r  being placed in a cold 
env i ronment .  

B. pertussis conta ins  a t  least  2 components ,  H S F  and 
endotoxin ,  capable  of inducing hypoglycemia ,  and sensi- 
t iz ing mice to diverse  stresses~,9,1~, 18, We  considered i t  

of in teres t  to de te rmine  the  re la t ive  cont r ibu t ions  of 
H S F  and endotox in  in increasing the  sens i t iv i ty  of mice 
to cold. This  paper  will  also repor t  the  effects of 2 o ther  
hypog lycemic  agents,  insulin and propranolol ,  on the  
suscept ib i l i ty  of mice to low tempera tures .  

Materials and methods. In  p re l imina ry  exper iments  we 
de te rmined  t h a t  nninocutated,  or  sa l ine- injected female  
C F W  mice, housed in groups of 8 to  10 in copper  pans,  
could surv ive  for more  than  24 h when  placed in a 
re f r igera tor  a t  a t e m p e r a t u r e  of 3--6°C, A n y  increase in 
suscept ib i l i ty  to  cold among  expe r imen ta l ly  t r ea t ed  mice 
was indica ted  by  a high mor t a l i t y  wi th in  24 h of cold 
t r e a tmen t .  A pertussis  ex t r ac t  (PE) was p repared  as 
p rev ious ly  descr ibed 1~ by  tysing B. pertussis organisms 
in a b lender  and prec ip i ta t ing  the  lysa te  w i th  a m m o n i u m  
sulphate .  This  p repara t ion  has been shown to conta in  
the  bulk  of the  H S F  ac t i v i t y  of who le  vaccinelT, is. Endo-  
tox in  is also present  in th is  ex t r ac t  I0. Groups  of 8-10 
C F W  female  mice weighing 14--18 g, were in jec ted  i.p. 
wi th  the  fol lowing prepara t ions :  1 .45  ag N of PE ,  2. the 
same bu t  hea ted  a t  100°C for 30 rain, 3. 100 ag Salmo- 
nella typhosa endo tox in  (Difco), 4. 1 mg  of propranolol  
(Ayerst  Labs),  5. 0.5 uni t  of regular  insulin (Iletin, Lilly), 
and 6. saline solution. Mice received a single in ject ion 
of t he  first  3 p repara t ions  e i ther  5 days  before or  ira- 
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media te ly  pr ior  to  cold treatment. P r e p a r a t i o n s  4 to  
6 were in jec ted  l0  min  before  cold exposure .  P rev ious  
studies had  shown t h a t  th i s  t i m e  in te rva l  was suff ic ient  
for b o t h  p rop rano lo l  and  insul in to  sensi t ize mice  to  
o ther  s t ressful  stimuli2,3,1~. 1~. All of t he  inocula t ions  
were well  t o l e ra t ed  b y  mice  a t  room t e m p e r a t u r e  and  
in no case  d id  more  t h a n  one  mouse  of any  group die 
af ter  in jec t ion  when  he ld  a t  a m b i e n t  t e m p e r a t u r e  (25 °C). 

Results. The  Table  ind ica tes  tha t ,  whereas  all  saline- 
in jec ted  mice surv ived  in the  cold for more  t h a n  1 day,  
each of t he  t e s t  p r e p a r a t i o n s  was  capab le  of e l ic i t ing a 
high m o r t a l i t y  w i t h i n  24 h of cold exposure  p rov ided  
the  a p p r o p r i a t e  t i m e  in t e rva l  was  used. H e a t e d  P E  
behaved  s imi lar ly  to  e n d o t o x i n  in induc ing  100% mor-  
t a l i ty  w h e n  in jec ted  i m m e d i a t e l y  pr ior  to  cold exposure  
and no m o r t a l i t y  w h e n  the  in te rva l  was  5 days.  U n h e a t e d  
P E  gave h igh  m o r t a l i t y  w h e t h e r  exposure  was  i m m e d i a t e  
or de layed  fol lowing inject ion.  The  Tab le  fu r the r  shows 
t h a t  insulin and  p roprano lo l  can  also increase t he  sus- 
cept ib i l i ty  of mice  to  cold stress.  All of t h e  above  t e s t s  
were r e p e a t e d  w i t h  s imi lar  results .  

Discussion. These  resul ts  indica te  t h a t  t he  H S F  of 
B. pertussis, and  n o t  its hea t - s t ab le  endo tox in ,  is 
responsible  for t h e  e n hanced  l e tha l i ty  observed  w h e n  
B. pertussis is given a b o u t  5 days  before  t he  app l i ca t ion  
of cold. This  is shown by  the  fact  t h a t  only  an unhea t ed  
ex t rac t  of B. pertussis, high  in H S F  ac t iv i ty  AT, could 
mimic  the  sens i t iz ing  effect  of whole  cell vaccine  l~ when  
admin i s t e red  5 days  before h y p o t h e r m i c  stress.  On the  
o ther  hand ,  exposure  of the  B. pertussis f rac t ion  to  
100°C for 30 rain to  d e s t roy  the  H S F  ac t iv i ty  xs r ende red  
i t  incapable  of increas ing  m o r t a l i t y  w h e n  in jec ted  5 
days  before  cold t r e a t m e n t .  S imi lar ly  S. typhosa endo-  
t ox in  was  inef fec t ive  a t  th i s  5 d a y  in terval .  

I n  con f i rma t ion  of  t he  p rev ious ly  c i ted work  of BERRY 1~, 
however ,  w h e n  S. typhosa endo tox in ,  and  hea t ed  or  
u n h e a t e d  P E ,  wh ich  has  been  s h o w n  to  con ta in  endo-  
tox in  a~, were  admin i s t e r ed  to  mice  i m m e d i a t e l y  pr ior  to  
cold exposure ,  s ignif icant  sens i t iza t ion  to  cold did occur.  

The  H S F  of B. pertussis, l ike propranolol ,  is capab le  
of b locking fl-adrenergic recep tors  of t h e  au tonomic  
nervous  s y s t e m S , ~ ,  ~z. .As  a consequence,  these  agen t s  
are able  to  a t t e n u a t e  the  no rma l  hype rg lycemic  response  
to ep inephr ine  s which has  been shown to  p lay  an ext re-  
mely i m p o r t a n t  role in c o m b a t i n g  cold stress ~°-*s. 

The induc t ion  of h y p o g l y c e m i a  is known to predispose  
to or ac tua l ly  cause hypothermia2*.  This  effect  has  been  
expla ined  by  a decreased caloric p roduc t ion  in the  absence  

Effect of bacterial antigens, propranolol, and insulin on the sus- 
ceptibility of CFW mice to cold exposure (3-6°C) 

Sensitizing agent Dose Intervals Dead/ 
total b 

pEc 45 ~g N 5 days 9110 
pE* 45 rig N none 10110 
PE, 100°C, 30 min e 45 tzg N 5 days 0110 
PE, 100 °C, 30 rain ~ 45 [zg N none 10110 
Endotoxin a 100 [xg 5 days 0110 
Endotoxin a 100 [zg none 10110 
Propranolol 1 mg 10 rain 8]8 
Insulin 0.5 unit 10 mill 8/10 
Saline 0.5 ml 10 min 0110 

Between i.p. injection and exposure to cold. b Deaths tabulated 
24 h after exposure to cold. At room temperature none of the 
preparations killed more than 1 mouse during a similar observation 
period. ~ Pertussis extract (containing both HSF and endotoxin). 
a From Salmonella typhosa. 

of normal  levels of blood glucose 24. This  mechan i sm may 
wel l  account  for the  increased vulnerabi l i ty  to  cold 
exh ib i t ed  by  mice t rea ted  wi th  insulin or wi th  endotoxin .  
The  dose of insulin used in the  p resen t  exper iments ,  
0.5 unit ,  induced  a marked  hypog lycemia  (24.4 mg  % 

8.4 S.E.).  Similarly,  the  blood sugar levels and glycogen 
reserves  of mice po isoned  wi th  endo tox in  are known to 
be m a r k e d l y  reduced  and  the  the rmoregu la to ry  abi l i ty  
of such  mice  is grea t ly  impai red  xe, 25 All of these  f indings 
emphas i ze  the  i m p o r t a n t  role p layed  by  ca rbohydra t e  
me tabo l i sm  in inf luencing the  suscept ib i l i ty  of an  orga- 
n i sm to  h y p o t h e r m i c  stress.  They  also add  fu r the r  suppor t  
for t h e  general  thes is  t h a t  the re  is an  inverse re la t ionship  
be tween  the  g lycemic  s t a te  of a hos t  and  i ts  suscept ib i l i ty  
to  a wide  va r i e ty  of s t ressful  stimuliX-14, ~0. 

Zusammen/assung. Bordetella pertussis h a t  zwei Kom-  
ponen ten ,  eine mi t  derse lben Wi rkung  wie E n d o t o x i n  
von Salmonella typhosa mit  sofor t iger  k~iltesensibi]isieren- 
der  Wi rkung ,  die andere  mi t  einer  u m  5 Tage versp~tte- 
t en  Sensibi l is ierung.  BRide K o m p o n e n t e n  k6nnen  hypo-  
glyki imisch wirken.  
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