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t r y p t a m i n e  well, (as gels did  no t  s t a i n  w h e n  t r y p t a m i n e  
was  s u b s t i t u t e d  for b e n z y l a m i n e )  a n d  would  t h u s  a p p e a r  
to  f u n c t i o n  m o re  like t h e  a m i n e  ox idase  p rev ious ly  
descr ibed  for p l a s m a .  T h e  r e l a t i onsh ip  b e t w e e n  t he se  
d i f fe ren t  t i s sue  e n z y m e s  and  t he  b lood enzyme ,  as well  as 
t he  role of t h e  e n z y m e s  in  t h e  overa l l  celular  e c o n o m y  is 
an  i n t r i n g u i n g  q u e s t i o n  ~. 

Zusammen/assung. Mensch l i che  P l a s m a a m i n o o x y d a s e ,  
b e s t e h e n d  a us  v e r s c h i e d e n e n  I s o e n z y m e n ,  de ren  H a u p t -  
f r ak t ion  in zahl  re ichen  u n t e r s u c h t e n  p a r e n c h y m a t 6 s e n  
O r g a n e n  v o r h a n d e n  ist,  w u r d e  m i t  der  S tg rkege lek t ro -  
phorese  u n d  S e p h a d e x  S~tu lenchromatograph ie  un t e r -  
such t .  I s o e n z y m e  aus  G e w e b e h o m o g e n a t e n  u n d  P l a s m a  
u n t e r s c h e i d e n  sich. 
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P h a g o c y t o s i  s of Latex  P a r t i c l e s  in v i tro:  Effects  of 

Severa l  i n v e s t i g a t o r s  h a v e  cons idered  t he  poss ib i l i ty  
t h a t  i m p M r m e n t  of p h a g o c y t o s i s  c o n t r i b u t e s  to  t h e  
i m m u n o s u p p r e s s i v e  c a p a c i t y  of a n t i l y m p h o c y t e  s e r u m  ~-3. 
T h e  p r i m a r y  s i te  of ac t ion  a n d  t h e  m e c h a n i s m  of p h a g o -  
cy t i c  depress ion  is n o t  y e t  clear, however .  P re fe ren t i a l  
i m p a i r m e n t  of splenic  dendr i t i c  m a c r o p h a g e s  was  f o u n d  
in A L S - t r e a t e d  mice  b y  BARTH et  al. 4, whi le  se lect ive  
i m p a i r m e n t  of h e p a t i c  p h a g o c y t o s i s  was  desc r ibed  b y  
PISANO et  al.~. Th e  f ind ing  t h a t  ALS-sens i t i z ed  l y m p h o -  
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Fig. 1. Particle distribution within peritoneal macrophages after 1, 2 
and 3 days in culture. Solid line: 40 % ATS in both the culture medium 
and test medium; broken line.' 40% ATS followed by Latex in 40% 
horse serum; dotted line: control. 

A n t i l y m p h o c y t e  and A n t i t h y m o c y t e  S e r u m  

cy tes  localized p r e d o m i n a n t l y  in t h e  l iver 6, ra ised  t he  
poss ib i l i ty  t h a t  a n  i m m u n o g l o b u l i n  c o m p o n e n t  is p r e s e n t  
in A L S  w h ic h  p r o m o t e s  p h a g o c y t o s i s  b y  t he  K u p f f e r  
cells 7. 

T h e  p r e se n t  c o m m u n i c a t i o n  r epo r t s  t h e  r e su l t s  o b t a i n e d  
w h e n  m o n o l a y e r s  of m o u s e  m a c r o p h a g e s  were i n c u b a t e d  
w i t h  A L S  or A T S  in v i t ro  a n d  the i r  p h a g o c y t i c  a c t i v i t y  
was  m e a s u r e d  a t  d i f fe ren t  t i m e  in te rva ls .  

Materials and Methods. Horse  a n t i m o u s e  t h y m o c y t e  
s e r u m  (ATS) was  o b t a i n e d  f rom the  I n s t i t u t e  of Micro- 
b io logy a nd  H y g i e n e  of t he  U n i v e r s i t y  of Mont rea l ,  
t h r o u g h  t h e  c o u r t e s y  of Dr. H. E. TAYLOR, Medica l  
R e s e a r c h  Counci l  of Canada .  R a b b i t  a n t i - m o u s e  l y m p h o -  
cy te  s e r u m  (ALS) was  p u r c h a s e d  f r o m  Microbiological  
Associates ,  Be the sda ,  Md. Pe r i t onea l  cells were o b t a i n e d  

Table ].Effect of ALS on the phagocytic activity of maerophages in 
vitro 

Incubation 
time 

Peritoneal maerophages Spleen macrophages 
Percent ALS Pereent ALS 
4 20 40 4 20 40 

30min 97 92 70 92 94 69 
2 h 79 65 -- 76 79 -- 

48 h 84 99 75 84 88 69 
72 h -- -- 95 -- -- 98 

Results are expressed as percent control values. Control cultures 
were maintained in medium supplemented with 40% inactivated 
newborn calf serum. 
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f rom uns t imula ted  Swiss mice by washing the  per i toneal  
cav i ty  wi th  2.5 ml  med ium 199 conta ining 2 mg/100 ml  
heparin.  2 • 106 washed ceils were resuspended in 1.0 ml  
med ium 199 supplemented  wi th  inac t iva ted  horse serum 
(in exper iments  wi th  ATS) or  wi th  inac t iva ted  newborn  
calf serum (in exper iments  using ALS).  Spleen cell 
suspensions were prepared by  gent ly  forcing minced 
splenic tissue through a nylon sieve. Cover slip cultures 
were established wi th  5 X 10 ~ washed cells per  Leighton  
tube.  Non-adheren t  per i toneal  and splenic cells were 
r emoved  2 and 24 h af ter  the  ini t ia t ion of the  cultures, 
respect ively,  and fresh med ium conta in ing A T S  or A L S  
was added to the  rinsed cultures. Af te r  the  required 
incuba t ion  period, the  used med ium was removed,  the  
cultures r insed and 1.0 ml  fresh med ium conta in ing 
1.44 • 109 washed La t ex  part icles  (1.09 ~m; Dow 
Chemical  Co., Midland, Michigan) was added. Leighton  
tube coverslip cultures of s t rain L-cells, in i t ia ted wi th  
1.0 • 10~ ceils, were used in compara t ive  exper iments .  
Percentage  phagocytosis  was calculated scoring a mini :  
m u m  of 300 cells in each Giemsa-s ta ined slide for the  
presence of intracel lular  La t ex  particles.  Par t ic le  distri-  
bu t ion  was de termined  by  count ing the  number  of 
part icles in 100 cells on each slide. 

Resu l t s .  The effects of A L S  on the  phagocyt ic  ac t iv i ty  
of macrophages  in v i t ro  are summar ized  in Table  I. 
Trans ien t  depression of par t ic le  phagocytosis  was observ- 
ed. A t  4% and 20% A L S  concentrat ion,  decrease in 
phagocyt ic  ac t iv i ty  became ev ident  af ter  2 h incubation,  
while only 30 rain contac t  was necessary for the  m a x i m u m  
effect to develop in the  presence of 40% ALS.  Both  
per i toneal  and splenic mononuclear  phagocytes  recovered 

Table II. Particle distribution in strain L-cells following 24 h exposure 
to ALS 

Incubation Percentage ceils containing Latex particles per cell 
medium 1-5 6-10 11-15 16-20 21-25 >25 

2 %  A L S  3 6 15 16 26 34 
Cont ro l  6 6 9 12 13 54 
10% A L S  82 13 3 2 0 0 
Cont ro l  6 10 6 12 6 60 
20% A L S  77 18 3 2 0 0 
Cont ro l  3 16 16 11 16 38 

phagocyt ic  ac t iv i ty  to the  level of the  controls by  48 h 
in the  cont inued presence of 4% and 20% A L S ;  at  
higher  A L S  concentra t ion  recovery  was complete  by  
72 h. R e m o v a l  of A L S  from the  cul ture med ium after  
24 h incubat ion  did not  influence the  ra te  of recovery.  

Eva lua t ion  of the  phagocyt ic  capac i ty  of cul tured 
macrophages  by  de te rmina t ion  of par t ic le  d is t r ibut ion 
wi th in  the  phagocyt ic  popula t ion  confirmed the  t ransient  
na tu re  of ATS- induced  phagocyt ic  depression (Figure 1). 
Af te r  72 h incubat ion,  no signif icant  difference was found 
between ATS- t r ea t ed  and control  cells. 

A L S  also influenced the  phagocyt ic  capac i ty  of strain 
L-cells confi rming the  observat ions  t h a t  the  ac t iv i ty  of 
A L S  is not  directed against  ant igenic  de terminants  
specific to lymphocy tes  alone s, 9. Af te r  24 h incubat ion  in 
10% and 20% ALS,  most  cells conta ined less than  10 
part icles  (Table II) .  Cont inued incubat ion  in the presence 
of A L S  lead to recovery  of phagocyt ic  capacity,  reaching 
the  levels of the  respect ive control  cultures af ter  3 days. 

In  a series of experiments ,  mice received 0.25 ml  of 
ATS i.p., e i ther  twice (Group A) or 4 t imes  (Group B) on 
consecut ive  days. On the  day following the  last  A T S  
injection,  1.44 X 109 La texpar t i c l e s  suspended i n m e d i u m  
199 were given i.p. (Group A) or  i.v. (Group ]3). A 3rd 
group of mice received only A T S  t r e a t m e n t  (Group C) 
while control  animals  were in jec ted  wi th  equiva len t  
volumes  of inac t iva ted  horse serum. The mice were sacri- 
ficed 30 min  af ter  the  La t ex  inject ion and per i toneal  and 
splenic macrophage  cultures were established. The  cultures 
obta ined f rom Group C mice were exposed to La tex  par t i -  
cles on the  2nd and 4th day of culture.  The results illus- 
t r a ted  in Figure  2 show t h a t  in v ivo  adminis tered  A T S  
did no t  depress the  phagocyt ic  ac t iv i ty  of e i ther  per i toneal  
or splenic cells. On the  contrary,  splenic macrophages  
appeared to have  been s t imu la t ed  by  A T S  t rea tment .  
These results do not  exclude the  possibi l i ty  t h a t  wi th in  
48 h following the  init ial  adminis t ra t ion  of A T S  t rans ient  
depression of phagocyt ic  ac t iv i ty  occurred. 

D i s c u s s i o n .  The results of the  present  s tudy  indicate  
t ha t  A T S  or ALS- induced  impa i rmen t  of phagocyt ic  
ac t iv i ty  is of short  durat ion.  I t  appears  unl ikely tha t  
depression of phagocytosis  contr ibutes  to the  sustained 
action of A L S  10-1~. The  t rans ient  na tu re  of ALS-  induced 
phagocyt ic  depression in v i t ro  and the  s t imulat ion of 
splenic macrophage  phagocytosis  fol lowing in v ivo  A T S  
adminis t ra t ion  suggest t h a t  ant ibodies  present  in A T S  
m a y  react  wi th  macrophage  membrane  receptors 1~ wi th  
subsequent  enhancement  of endocytosis  and increased 
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Fig. 2. Phagocytosis of Latex particles by peritoneal (PM) and 
splenic maerophages (SM) following i.p. administration of ATS. 
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t u r n o v e r  of cell m e m b r a n e  c o n s t i t u e n t s  t4. P a r t i c i p a t i o n  of 
m a c r o p h a g e  m e m b r a n e  receptors  was  also sugges ted  in  
A L S - i n d u c e d  depress ion  of m a c r o p h a g e  m i g r a t i o n  in 
v i t ro  ~5 since t h e  effect  was  s u b s t a n t i a l l y  r educed  b y  t r y p -  
s in iza t ion  ~6. 

1~ Z. A. COHN and E. PARKS, J.  exp. Med. 125, 1091 (1967). 
15 j .  SVEJCAR, J.  PEKAREK and J .  JOI-IANOVSKY, Z. Immun .  Forsch. 

exp. Ther.  7412, 166 (1971). 
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Rdsumd. E t u d e  des effets des s6rums a n t i l y m p h o c y t e s  
sur la  phagocy tose  in v i t r o  p a r  les m a c r o p h a g e s  de la  
r a t e  e t  du  p6r i to ine  de la  souris.  L ' i n h i b i t i o n  pa r t i e l l e  de 
la phagocy tose  a 6t6 t r an s i t o i r e ;  les cellules m a c r o p h a g e s  
on t  r6cupgr6 leur  capaci t6  fonc t ione l le  deux  jours  aprSs 
l ' a d m i n i s t r a t i o n  de s6rum a n t i l y m p h o c y t e .  
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Inhibit ion of Ep inephr ine - induced  G l y c o g e n  P h o s p h o r y l a s e  Act ivat ion by  Bordetella pertussis Vac-  
cine in Rats  

I t  has  been  p rev ious ly  shown  t h a t  hype rg lycemic  
response  to  ep inephr ine  was i n h i b i t e d  b y  Bordetella 
pertussis vacc ine  (BPV)1, 3, and  t h i s  m e c h a n i s m  m a y  be 
i n v o l v e d  in  t he  d e v e l o p m e n t  of increased  s ens i t i v i t y  to  
a n a p h y l a c t i c  shock  a n d  shock  m e d i a t o r s  fol lowing B P V  
t r e a t m e n t .  The  pu rpose  of t he  p r e s en t  s t u d y  was to  
i n v e s t i g a t e  how B P V  inf luences  e p i n e p h r i n e - i n d u c e d  l iver  
a n d  muscle  g lycogen phospho ry l a se  ac t iva t ion .  Since in 
B P V - t r e a t e d  r a t s  t h e  n o r m a l  h y p e r g l y c e m i c  response  
was res tored  b y  p redn i so lone  t r e a t m e n t  S, t he  effect  of 
p redn i so lone  on  t h e  d i s t u r b e d  glycogen p h o s p h o r y l a s e  
a c t i v a t i o n  was also inves t iga ted .  

Materials and methods. W i s t a r  ma le  r a t s  (150-200 g) were 
m a i n t a i n e d  on  a s t a n d a r d  d ie t  a n d  d r i n k i n g  w a t e r  was  
g iven  ad  l i b i t um.  E x p e r i m e n t s  were p e r f o r m e d  on fed 
a n i m a l s  a t  09.00 h to  insure  a d e q u a t e  g lycogen levels.  
B P V  was a d m i n i s t e r e d  i.p. in a single dose of 3 x 10 ~~ 
organisms.  Some groups  of n o r m a l  a n d  BPV-sens i t i z ed  
r a t s  were t r e a t e d  w i t h  25 mg/kg, p redn i so lone  succ ina te  
(Organon)  s.c. twice  da i ly  ove r  a pe r iod  of 3 days.  The  
l a s t  dose of p redn i so lone  was  in j ec t ed  12 h before  phospho-  
ry lase  e x a m i n a t i o n .  

AlI r a t s  were a n a e s t h e t i z e d  w i t h  p e n t o b a r b i t a l  30 ra in  
before  sacrif icing.  L i v e r  a n d  muscle  samples  were t a k e n  
10 m i n  a f t e r  t h e  i.p. i n j ec t ion  of ep i neph r i ne  (0.1 mg/kg)  
or phys .  saline.  Ac t ive  l iver  p h o s p h o r y l a s e  was assayed  
accord ing  to  t he  p rocedure  of ttEDRICK a n d  FISH:ER s. 
G a s t r o c n e m i u s  muscle  samples  were p r e p a r e d  as descr ibed  
b y  SCHAEFFER et  al  4. T o t a l  a n d  ac t ive  muscle  p h o s p h o r y -  
lase levels  were d e t e r m i n e d  b y  a s say ing  w i t h  a n d  w i t h o u t  
1 m ~ I  AMP,  respect ive ly ,  accord ing  to t h e  m e t h o d  of 
ttEDRICK a n d  FISttERS; a n d  besides  ac t ive  p h o s p h o r y l a s e  

Table I. Effect of epinephrine on active liver phosphorylase level in 
normal, BPV, prednisolone and BPV + prednisolone-treated rats 

Phosphorylase activity mmol Pdg2'h -1 4- SE 
Phys. saline Epinephrine 

levels,  t h e  ra t ios  of ac t ive  to  t o t a l  e n z y m e  ac t iv i t i e s  are 
i nd i ca t ed  in  T a b l e  I I .  P h o s p h o r y l a s e  ac t iv i t i e s  are ex- 
pressed  as m m o l  re leased inorganic  p h o s p h a t e / g  t i s sue /h  
(mmol  Pi/ge'h-~). The  resu l t s  are s t a t i s t i ca l ly  e v a l u a t e d  
b y  S t u d e n t ' s  t- test .  

Results and discussion. B P V ,  predniso lone ,  or  B P V  -t- 
p redn i so lone  d id  n o t  inf luence  ac t ive  l iver  p h o s p h o r y l a s e  
levels (Table  I). E p i n e p h r i n e  caused  a b o u t  a 100% 
increase  of ac t ive  p h o s p h o r y l a s e  level  in  n o r m a l  rats .  The  
response  to ep inephr ine  was s ign i f i can t ly  i n h i b i t e d  b y  
B P V  p r e t r e a t m e n t .  P redn i so lone  a lone  caused  no  changes ,  
however ,  in  B P V  inocu la t ed  r a t s  t he  s ens i t i v i t y  to  
ep ineph r ine  was res to red  b y  predniso lone .  

B P V  alone d id  no t  a l t e r  t he  level  of ac t ive  a n d  t o t a l  
musc le  p h o s p h o r y l a s e  (Table  II) .  P redn i so lone  t r e a t m e n t  
resu l ted  in an  increase  b o t h  in n o r m a l  a n d  in  B P V - t r e a t e d  
r a t s ;  howeve r  t h e  r a t io  of ac t ive  to t o t a l  p h o s p h o r y l a s e  
was no t  s ign i f i can t ly  inf luenced.  Fol lowing  ep inephr ine  
a d m i n i s t r a t i o n  an  a c t i v a t i o n  of muscle  p h o s p h o r y l a s e  
could be  obse rved  in n o r m a l  r a t s  as i nd i ca t ed  b y  t he  
increase  of t h e  r a t i o  of ac t ive  to t o t a l  e n z y m e  ac t iv i ty .  
Th i s  effect  of ep ineph r ine  was m e r k e d l y  i n h i b i t e d  b y  B P V  
p r e t r e a t m e n t .  The  s ens i t i v i t y  of B P V - t r e a t e d  r a t s  to  
ep ineph r ine  was p a r t i a l l y  r e s to red  b y  predniso lone .  

The  d i m i n u t i o n  of e p i n e p h r i n e - i n d u c e d  h y p e r g l y c e m i a  
in B P V - t r e a t e d  r a t s  1, ~ m a y  be  due  to  t h e  d i s t u r b a n c e  of 
insu l in  secre t ion  and  to  t h e  changes  of l iver  g lycogen 
me tabo l i sm .  A n  increased  s ens i t i v i t y  of insu l in  secre t ion  
m e c h a n i s m  in B P V - t r e a t e d  r a t s  was  d e m o n s t r a t e d  b y  our  
p rev ious  resu l t s  s. R e c e n t l y  KREUT?CER et  al. s r epo r t ed  
t h a t  B P V  did n o t  inf luence  t he  effect  of ep ineph r ine  
on  l iver  glycogen syn the ta se ,  whereas  i t  i n h i b i t e d  epi- 
n e p h r i n e - i n d u c e d  a c t i v a t i o n  of l iver  g lycogen phos-  
phorylase .  The  l a t t e r  f ind ings  are  s u p p o r t e d  b y  our  
p r e s e n t  obse rva t ions .  I n  add i t ion ,  a d i m i n i s h e d  response  
of muscle  p h o s p h o r y l a s e  to  ep ineph r ine  was d e m o n s t r a t e d  
in t h i s  paper .  

The  i n h i b i t e d  response  of B P V - t r e a t e d  r a t s  to  ep ineph-  
r ine  is p r o b a b l y  due  to  a n  i m p a i r m e n t  occur r ing  a t  a n y  one 

Normal 1.18 4- 0.06 (8) 2.37 -t- 0.12 �9 (9) 

BPV 1.28 -4- 0.07 (10) 1.76 4- 0.06 b, o (9) 

Prednisolone 1.25 4- 0.10 (8) 2.40 4- 0.12 �9 (9) 

BPV § prednisolone 1.27 4- 0.11 (8) 2.26 n u 0.10~ (9) 

p ( 0.001 ; b p < 0.01 related to values obtained after phys. saline. 
p ~ 0.01 if the increase caused by epinephrine in normal rats was 

related to that detected in BPV-treated animals. Numbers in 
parentheses represent the number of animals in each group. 
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