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R a b b i t  h e p a t o c y t e s  fo rmed  a s ignif icant  percen tage  of 
rose t tes  wi th  E A P  (48.1 -~ 2.1) while wi th  E the  cells 
fo rmed 5 t imes  less rose t tes  (9.9 • 0.8). The ma jo r i t y  of 
cells have  mul t ip le  E A P  over  the  surface or a round  the  
m e m b r a n e  (figures 2 A and  C). Few cells showed cap-like 
locat ion of E A P  (figure 2B). The cells a t t ach ing  less 
t h a n  6 E A P  or E were considered as nega t ive  (figure 2D). 

Fig. 2. Photomicrographs of rosettes formed by EAP ( • 400). A. Cell 
with ring-like distribution of EAP; B. cell with cap-like distribution 
of EAP; C. cell with multiple EAP over the cell surface; beneath 
this cell a negative hepatocyte can be seen; D. 2 negative cells. To 
l0 s hepatocytes suspended in 0.1 ml of TC-199 medium containing 
2% bovine serum albumin, 0.05 ml of EAP or E (109 cells m1-1) was 
added in a small plastic tube. The mixture was centrifuged at 4 ~ for 
10 rain at 250 g, and further incubated for 1 h at 37 ~ After adding 
0.35 ml medium, the deposit was gently resuspended, fixed for 10 
min with 0.2 ml 2% buffered formaldehyde and further treated with 
0.1 ml 0.2% buffered toluidine blue. After 10 min more than 200 
cells were counted. 

The lower pe rcen t  of hepa tocy t e s  b ind ing  E A P  (50%) 
t h a n  t h a t  of ceils s t a ined  wi th  F I T C - R S A P  (90%) m a y  
be due  to  the  d i f fe rent  size of E A P  (5 [xm) and hepa to -  
cytes  (30 vm), p r even t ing  some h e p a t o c y t e s  to  form E A P  
rose t tes  dur ing  cent r i fugat ion .  Rose t t e  fo rmat ion  be tween  
h e p a t o c y t e s  and E A P  was inh ib i t ed  if the  cells were 
previous ly  t r ea t ed  wi th  R S A P .  The a m o u n t  of R S A P  
which  was able to inh ib i t  rose t te  fo rma t ion  by  50% is 
lower t h a n  10 ~xg 10 * cells -1. No s ignif icant  inhib i t ion  of 
rose t te  fo rmat ion  was recorded wi th  R S A  (2 mg RSA 
10 ~ cells-I).  
The resul ts  p resen ted  here seem to show t h a t  on r abb i t  
h e p a t o c y t e s  m e m b r a n e  there  are receptors  specific for 
the  f ixa t ion  and  fu r the r  man ipu la t ion  of the  po lymer ized  
a lbumin.  The lack of the  b ind ing  of R S A  and  R S A  
inabi l i ty  to inh ib i t  t he  f ixat ion of R S A P ,  as de tec ted  
by  f luorescence or by  rose t te  format ion ,  suggest  t h a t  
these  specific receptors  are able to  d iscr imina te  be tween  
tile d i f ferent  molecular  forms of the  a lbumin.  The receptor  
for a lbumin  on l iver  cell m e m b r a n e  funct ions  as a b inding  
site for in vivo po lymer ized  a lbumin  conferr ing to  these 
cells the  abi l i ty  to  r emove  the  worn -ou t  polymer ized  
molecules f rom the  c i rculat ion of the  normal  organism. In  
th is  way  the  h e p a t o c y t e s  would be able to select  for 
ca tabol i sm the  po lymer ized  a lbumin  f rom the  na t ive  one: 
A similar  mechan i sm of IgG ca tabol i sm by  macrophages  
was sugges ted  9, and some evidence t h a t  IgG f ixat ion and 
degrada t ion  proceed only  af ter  the  aggregat ion  of the  
molecules was p resen ted  10. The l iver damage  affects  the  
abi l i ty  of h e p a t o c y t e s  to  r emove  the  po lymer ized  albu- 
min f rom the  circulat ion,  therefore  raising its level in 
serum. The po lymer ized  a lbumin by  i ts  new ant igenic  sites 
is po ten t i a l ly  able to  induce the  fo rma t ion  of specific 
au toant ibodies .  

9 T. Waldman and V. Ghetie, in: Progress in Immunology, p. 
1187. Ed. B. Amos. Academic Press, New York and London 
1971. 

10 V. Ghetie and L. Buzila, Rev. roum. Biochim. 9, 125 (1972). 
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Summary. 4000 rads  of mixed  g a m m a  neu t ron  rad ia t ion  admin i s t e red  to rhesus  monkeys  released a s ignif icant  amo un t  
of h i s t amine  in to  the i r  circulat ion.  W h e n  tile monkeys  were t r ea t ed  wi th  a mast-cel l  h i s t amine  deple te r  (compound 
48/80) for 4 days  and  t h e n  i r radia ted ,  no increase in c i rculat ing h i s t amine  was seen. W h e n  48/80 was given 20 min after  
i r radia t ion,  only  a sl ight  increase in h i s tamine  was seen, ind ica t ing  t h a t  4000 rads  had  released mos t  of the  mast-cel l  
h i s t amine .  

Increased  blood h i s t amine  levels following ionizing 
rad ia t ion  have  been repor ted  in ra t s  and man~-4. These 
increased h i s t amine  levels appear  to  correlate  well w i th  
hypo tens ion  4 as well as w i th  a reduc t ion  in the  n u m b e r  of 
t issue m a s t  cells s. Because ionizing rad ia t ion  does cause 
d i s rup t ion  of m a s t  cells, the  suggest ion has been made  
t h a t  mast-cel l  h i s t amine  release could be responsible  for 
t he  observed hypo tens ion  4. 
These e x p e r i m e n t s  have  been  des igned to show a) the  
a m o u n t  of h i s t amine  released by  4000 rads  of ionizing 
radia t ion,  b) t he  a m o u n t  of h i s t amine  which  is blocked 
f rom recep tor  si tes by  an an t ih i s tamine ,  c) w h e t h e r  the  

released h i s t amine  is of mast -ce l l  or n o n m a s t  origin, and 
d) w h e t h e r  the  h i s t amine  released could be responsible 
for the  observed hypo tens ion .  These exper imen t s  were 

1 Present address: T. AI Strike, Baltimore Cancer Research 
Center, Division of Cancer Treatment, National Cancer Institute, 
Bethesda (Maryland 20014, USA). 

2 C.E.  Lasser and K. W. Stenstrom, Am. J. Roentg. 72, 985 
(1954). 

3 H.A.S .  Van den Brenk, Br. J. exp. Path. 39, 356 (1958). 
4 R.P. Webber and F. R. Steggerda, Proc. Soc. exp. Biol. (N. Y.) 

70, 261 (1949). 
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correla t ive to the  cardiovascular  and behaviora l  s tudies  
r epo r t ed  elsewhere ~, ~. 
Materials and methods. H e a l t h y  monkeys  (Macaca mu-  
lat ta)  of b o t h  sexes, 2-3 years  of age and  weighing 3-4 kg, 
were used. E a c h  m o n k e y  was anes the t ized  wi th  sod ium 
pen toba rb i t a l  7, and  ca the te r s  were inser ted  into a femoral  
a r t e ry  and  vein. The m o n k e y  was allowed to recover  and  
t h e n  was placed in a res t ra in ing  chair. Few da ta  were 
avai lable on the  h i s t amine  measu remen t s  of o ld-world  
monkeys  because of the  presence  in these  animals  of h igh  
concen t ra t ion  of h i s t aminase  which rap id ly  catabol izes  
his tamineS.  Therefore ,  all h i s t amine  m e a s u r e m e n t s  were 
made  only  af ter  t he  animals  were t r ea t ed  wi th  aminogua-  
nidine 9, a h i s t aminase  inhib i tor  10. Discr iminat ion  be tween  
mast-cel l  and nonmas t -ce l l  h i s t amine  was accompl i shed  
using a specific mast -ce l l  h i s t amine  releaser, compoun d  48/ 
8011,12, which has  no di rect  effect  on levels of nonmas t -ce l l  
h i s tamine .  T r e a t m e n t  w i th  c o m p o u n d  48/80 was con- 
t inued  unt i l  only  min imal  increases in blood h i s t amine  
were noted .  
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Fig. 1. Changes in blood histamine concentration following 4000 rads 
of ionizing radiation of 2 untreated monkeys, 4 monkeys given chlor- 
pheniramine (3 mg/kg) 30 min before irradiation, and 4 monkeys 
treated with 48/80 (1 mg/kg per day) for 4 consecutive days. 
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Fig. 2. Mean arterial pressure changes after injection of compound 
48/80 (1 mg/kg) into 7 monkeys on 4 consecutive days. 

E x p e r i m e n t  1. 2 monkeys  were given aminoguan id ine  
(10 mg/kg) i.v. to r e t a rd  h i s t amine  ca tabol ism,  and  30 
min  la ter  received a single, who le -body  4000-rad dose of 
mixed  g a m m a - n e u t r o n  radia t ion.  Blood pressure  was 
r e c o r d e d  con t inuous ly  f rom a femoral  ar tery .  Ar ter ia l  
b lood samples  were t aken  a t  in tervals  for h i s t amine  
de te rmina t ions .  E x p e r i m e n t  2. 4 monkeys  were t r e a t ed  
the  same as those  of E x p e r i m e n t  1, b u t  in add i t ion  
received an H 1 antagonis t ,  ch lo rphen i ramine  la (3 mg/kg) ,  
30 min  before i r radiat ion.  E x p e r i m e n t  3. 7 monkeys  were  
given an imoguanid ine  and  30 min later,  c o m p o u n d  
48/80 (1 mg/kg) was in jec ted  i.v. Blood pressure  was 
moni to red  before and for 10 min  af ter  inject ion of 48/80. 
Pre in jec t ion  and  2-min pos t in jec t ion  blood samples  were 
t a k e n  for h i s t amine  de te rmina t ions .  This  expe r imen ta l  se- 
sequence was repea ted  for 4 consecut ive  days.  E x p e r i m e n t  
4. 4 monkeys  f rom E x p e r i m e n t  3 were i r rad ia ted  wi th  
4000 rads  a p p r o x i m a t e l y  30 min  af ter  the  four th  dai ly  
t r e a t m e n t  w i th  co mp o u n d  48/80. B lood  samples  were 
t a k e n  for h i s t amine  de t e rmina t i ons  a t  selected t imes  
dur ing  th is  period.  E x p e r i m e n t  5. 4 monkeys  were g iven 
4000 rads, and  20 min la ter  aminoguanid ine  and  48/80 
were adminis te red .  Blood samples  were t aken  for h is ta -  
mine  de te rmina t ion  before and  af ter  drug  injection.  Blood 
sampl ing  in the  reac tor  exposure  room was done  b y  a 
r emote ly  opera ted  collect ing device moni to red  via closed- 
circui t  television.  Each  m o n k e y  received hepar in  (1000 
U S P  units) to p r ev en t  blood clot t ing.  The monkeys  were 
i r rad ia ted  in a pulsed,  mixed  n e u t r o n - g a m m a  field 
(ratio of 1 n eu t ro n  to 2.35 gamma)  f rom the  A F R R I -  
T R I G A  Mark -F  Reactor .  E a c h  animal  was 1 m f rom the  
ver t ica l  center l ine  of the  reac tor  core. The energy distr i-  
bu t ion  of the  neu t rons  as a pe rcen tage  of fluence is as 
follows: 0.01-0.6 meV, 28.2% ; 0.6-1.5 meV, 29.6~ 
1.5-3 meV, 24.7%; and  > 3 meV, 17.5%. A fas t - sc ram 

5 T.F.  Doyle, J. E. Turns, and T. A. Strike, Aerospace Med. 42, 
40O (1971). 

6 T.F.  Doyle, C. R. Curran and J. E. Turns. Proe. Soe. exp. Biol. 
Med. 1~5, 1018 (1974). 

7 Nembutal, Abbott Laboratories, North Chicago (Illinois, USA); 
8 J .H.  Peters, G. R. Gordon and S. A. Ferguson, Life Sei. 6, 1163 

(1967). 
9 J . T .  Baker Chemical Company, Phillipsburg (New Jersey, 

USA). 
10 R.W. Sehayer, J. Kennedy and R. L. Smiley, J. biol. Chem. 

205, 739 (1953). 
11 Burroughs Welleome Company, Tuckahoe (New York, USA). 
12 W.D.M. Paton, Br. J. Pharmac. 6, 499 (1951). 
13 Chlor-Trimeton, Schering Corporation, Bloomfield (New Jersey, 

USA). 
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Fig. 3. Blood histamine concentration of 4 monkeys given 48[80 
(1 mg/kg) 20 rain after a 4000-rad dose of ionizing radiation. 
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t e c h n i q u e  was used for b e t t e r  r ep roduc ib i l i t y  a n d  to  shape  
t he  pulse.  E a c h  m o n k e y  was g iven  a un i la te ra l ,  dorsal -  
ven t r a l ,  w h o l e - b o d y  i r r ad i a t i on  de l ivered  as a shor t -  
d u r a t i o n  pulse (23 msec w i d t h  a t  h a l f - m a x i m u m  height )  
of 4000 rads.  S t u d e n t ' s  t t e s t  was  used to d e t e r m i n e  t he  
s t a t i s t i ca l  s ignif icance of t he  dif ference be t w een  the  m e a n s  
of t h e  h i s t a m i n e  va lues  before  a n d  a f t e r  d r u g  t r e a t m e n t  or 
i r r ad ia t ion .  P r o b a b i l i t y  va lues  of less t h a n  0.05 were 
cons idered  s ignif icant .  H i s t a m i n e  was a s sayed  f luoro- 
m e t r i c a l l y  us ing  t he  p rocedu re  of Shore  e t  al. 8. 
Results. The  fol lowing resu l t s  were no ted .  E x p e r i m e n t  1. 
W i t h i n  m i n u t e s  (figure 1) t he  c o n c e n t r a t i o n  of h i s t a m i n e  
in t h e  c i r cu la t ing  b lood  b e g a n  to  increase  a n d  b e c a m e  
m a x i m a l  a t  3 min .  The  c o n c e n t r a t i o n  t h e n  b e g a n  to 
decrease  t o w a r d  p re - i r r ad ia t ion  l eve l s .  E x p e r i m e n t  2. 
Monkeys  wh ich  are f i rs t  t r e a t e d  w i t h  c h l o r p h e n i r a m i n e  
a n d  t h e n  i r r a d i a t i o n  h a v e  a h i s t a m i n e  c o n c e n t r a t i o n  
wh ich  is twice  t h a t  of u n t r e a t e d  an i m a l s  (figure 1). E x p e r -  
i m e n t  3. The  r e su l t  of p a r t i a l l y  dep le t ing  m o n k e y s  of 
mas t -ce l l  h i s t a m i n e  can  be  seen in f igure 2. The  f i rs t  dose 
of 48/80 p roduced  a 298% increase  in b lood h i s t a m i n e  
levels.  Th i s  was  a c c o m p a n i e d  b y  a m a r k e d  fall  in  b lood 
pressure  (to 30% of normal ) .  The  increase  in b lood 
h i s t a m i n e  c o n c e n t r a t i o n  and  h y p o t e n s i o n  b e c a m e  less 
p r o n o u n c e d  w i t h  each  succeeding d a y  of 48/80 t r e a t m e n t .  
On t h e  f o u r t h  d a y  h i s t a m i n e  increased  on ly  17% a n d  t he  
a r t e r i a l  b lood pressure  decreased  on ly  20 %. E x p e r i m e n t  4. 
I r r a d i a t i o n  of m o n k e y s  which h a v e  been  p a r t i a l l y d e p l e t e d  
of mas t -ce l l  h i s t a m i n e  p roduced  no  s ign i f ican t  increase  in 
b lood  h i s t a m i n e  levels (figure 1). E x p e r i m e n t  5. W h e n  
48/80 is g iven  to u n t r e a t e d  m o n k e y s  20 m i n  a f t e r  i r ra-  
d i a t ion ,  t h e r e  is n o  s ign i f i can t  increase  ill Mood h i s t a m i n e  
c o n c e n t r a t i o n  (figure 3). 

Discussion. A 4000-rad dose of i r r ad i a t i on  releases a 
s ign i f ican t  a m o u n t  of h i s t a m i n e .  W h e n  an  H~ blocker ,  
ch lo rphen i r amine ,  is g iven  before  i r rad ia t ion ,  t he  a m o u n t  
of h i s t a m i n e  ill t h e  c i r cu la t ing  b lood  is g rea t ly  increased.  
The  dif ference in b lood  h i s t a m i n e  c o n c e n t r a t i o n  fol lowing 
i r r ad i a t i on  w i t h  a n d  w i t h o u t  h i s t a m i n e  b lockers  gives 
some i n d i c a t i o n  of t he  a m o u n t  of h i s t a m i n e  t h a t  n o r m a l l y  
goes to  r ecep to r  s i tes  a f te r  release b y  th i s  dose of r ad ia t ion .  
W e  did  n o t  a t t e m p t  to  comple t e ly  deple te  t he  m o n k e y s  
of mas t -ce l l  h i s t a m i n e  w i t h  c o m p o u n d  48/80. Af te r  
4 consecu t ive  days  of t r e a t m e n t  (figure 2 and  table) ,  t he  
a m o u n t  of mas t -ce l l  h i s t a m i n e  re leased b y  t he  4 th  dose 
of 48/80 was g r ea t l y  reduced .  Th i s  p s e u d o t a c h y p h y l a x i s  
is due  to dep le t ion  of h i s t a m i n e  s tores  r a t h e r  t h a n  accom- 
m o d a t i o n  to 48/80. W h e n  t he  4 r epe t i t i ve  doses of 48/80 
were fol lowed b y  rad ia t ion ,  t h e r e  was no m e a s u r a b l e  
increase  in b lood  h i s t a m i n e  levels  as would  be  expec ted  if 
t he  an ima l s  h a d  been  dep le ted  of mas t -ce l l  h i s t amine .  
W h e n  t he  a n i m a l s  were f i r s t  i r r a d i a t e d  a n d  t h e n  g iven  
48/80 (figure 3) 20 min  later ,  t he  a m o u n t  of h i s t a m i n e  
re leased was negl ig ib le ;  t h i s  is a f u r t h e r  i nd i ca t i on  t h a t  
4000 rads  of r a d i a t i o n  h a d  re leased m o s t  of t h e  mas t -ce l l  
h i s t amine .  
Conclusion. Based  on  c i rcu la t ing  b lood  h i s t a m i n e  levels,  
t i le  fol lowing conclus ions  can  be  m a d e  : a) a 4000-rad dose 
of r a d i a t i o n  releases a s ign i f ican t  a m o u n t  of h i s t a m i n e ;  
b) t he  H~ a n t a g o n i s t  c h l o r p h e n i r a m i n e  blocks  t he  a t t a c h -  
m e n t  to  H~ recep to r s  of m o s t  of t h i s  h i s t a m i n e ;  c) t h e  
h i s t a m i n e  re leased b y  4000 rads  of r a d i a t i o n  is of m a s t -  
cell or ig in ;  d) a 4000-rad dose of r a d i a t i o n  re leased m o s t  
of t he  mast -ce l l  h i s t a m i n e ;  a n d  48/80 g iven  20 min  a f t e r  
i r r ad i a t i on  p roduces  on ly  a l igh t  increase  in c i r cu la t ing  
h i s t a m i n e  levels.  

Effects of electrical  s t imulat ion  of per iaqueducta l  gray  mat ter  on evoked  potent ia ls  recorded 
in the p r i m a r y  s o m e s t h e t i c  cortical  areas  of the  rat 
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Summary. The  inf luence  of focal  e lec t r ica l  s t i m u l a t i o n  of P G M  on p r i m a r y  cor t ica l  evoked  p o t e n t i a l s  e l ic ted b y  noci- 
cep t ive  pe r iphe ra l  s t i m u l a t i o n  was s tud ied  in a n a e s t h e t i z e d  a n d  conscious  ra ts .  This  analgesic  e lectr ical  s t i m u l a t i o n  
p roduces  a n  abo l i t i on  of cor t ica l  responses  d u r i n g  i t s  app l i ca t i on  a n d  a s ign i f i can t  decrease  of t h e  pos i t ive  a n d  nega t ive  
a m p l i t u d e  waves  a f t e r  i n t e r r u p t i o n  of P G M  elect r ica l  s t imu la t i on .  Since these  effects were obse rved  in an ima l s  u n d e r  
b a r b i t u r a t e  anes thes i a  a n d  in conscious  ra ts ,  t h e y  are  i n t e r p r e t e d  as a sup ra sp ina t  ac t ion  on  t he  p r i m a r y  pa in  p a t h w a y .  

Deep  analges ia ,  r e su l t ing  f rom elect r ica l  s t i m u l a t i o n  of 
t he  p e r i a q u e d u c t a l  g r a y  m a t t e r  (PGM) a n d  o the r  m e s e n -  
cephal ic  s t ruc tu res ,  was r epo r t ed  b y  Reyno lds  ~ a n d  
M a y e r  e t  al. a, 4. Decrease  or d i s a p p e a r a n c e  of t he  response  
to  noc icep t ive  s t imul i  was  r epo r t ed  in these  p u b l i c a t i o n s  
a f t e r  s t i m u l a t i o n  of p e r i a q u e d u c t a l  a n d  p e r i v e n t r i c u l a r  
g r a y  m a t t e r .  S imi la r  resu l t s  h a v e  been  r epo r t ed  in t he  
ca tS-L  
I t  ha s  been  p o s t u l a t e d  t h a t  these  m e c h a n i s m s  m a y  be 
s imi la r  to  t he  c e n t r a l  pha rmaco log ica l  effects of mor-  
p h i n e  8, name ly ,  t he  a c t i v a t i o n  of a d e s c e n d e n t  i n h i b i t o r y  
s y s t e m  wh ich  regu la tes  t he  a f fe ren t  impulses  in  t he  
dorsa l  h o r n  of t he  sp ina l  cord.  On t he  o t h e r  h a n d ,  i t  h a s  
been  s h o w n  t h a t  m o r p h i n e  ha s  no  effect  on  t he  a m p l i t u d e  
or  t h e  l a t e n c y  in t he  p r i m a r y  p a t h w a y  TM, whereas  pen-  
t azoc ine  modif ies  on ly  la tencyl~ .  
U p  to  da t e  t h e  analges ic  effect  of focal  e lec t r ica l  s t imu la -  
t ion  of t h e  P G M  has  been  s tud ied  b y  a lges imet r ic  t ech-  
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