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Summary. — T h e  replication of pathogenic influenza v i r u s  A/PR/ 
8/34 in t h e  lungs  a n d  t h e  synthes i s  of virus-neutralizing (VN) a n d  
haemagglutination-inhibition (HI) antibodies  h a s  been s tud ied  
in mice w i t h  endogenous hypocorticism induced b y  a bi lateral  
adrenalectomy. T h e  adrenalectomized mice appeared  t o  b e  more 
susceptible t o  influenza infection a s  compared t o  t h e  mock-op-
erated ones. This  w a s  ev ident  f r o m  earlier deaths  a n d  higher 
death  r a t e  in mice inoculated w i t h  50 EID50, 1000 EID50, a n d  
6000 E I D 5 0  of t h e  v i rus,  respectively.  A tendency t o w a r d s  de­
crease of specific a n t i b o d y  t i t r e s  a n d  t h e  res is tance  t o  re infec t ion  
w i t h  inf luenza  v i ru s  A / P R / 8 / 3 4  w a s  also observed .  

Key words: adrenalectomy, endogenous glucocorticoids influenza; 
virus A/PR 18134; virus-neutralizing and haemagglutination-inhibi­
tion antibodies 
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Introduction 

Glucocorticoids a r e  k n o w n  t o  e x e r t  a n  an t i - i n f l ammato ry  effect .  A s  p o t e n t  
immunosuppressors ,  however ,  t h e y  c a n  inh ib i t  t h e  immunological  responses  
a n d  t h e r e b y  a c t i v a t e  v i ra l  a n d  bac te r ia l  infect ions .  T h e r e  is  m u c h  cont ro­
versy  in  l i t e ra tu re  o n  t h e  effect  of glucocort icoids o n  v i ru s  repl ica t ion.  I n  
t h e  expe r imen t s  of K a l t e r  et al. (1951) t h e r a p e u t i c  doses  of A C T H  a n d  cor­
t i sone  suppressed t h e  repl ica t ion of inf luenza v i ru s  in  t h e  m o u s e  lungs .  H y ­
drocort isone e n h a n c e d  t h e  expression of H T L V - I I I  i n  h u m a n  l y m p h o c y t e  
cu l tu re  a n d  t h e  synthes is  of t y p e  C endogenous  re t rov i ruses  i n  mouse  fibro­
b las t  cu l tu re  (Markha m  et al., 1986; P a r a n  et al., 1973). T h e  in jec t ion  of 
cort isone t o  mice  a f t e r  t h e  inocula t ion  w i t h  t y p e  I I  pol iovirus  decreased t h e  
in f l ammat ion  b u t  increased t h e  v i ru s  t i t r e s  i n  t h e  a n i m a l  b ra in  (Nosik, 1959). 
Most  p a p e r s  s t u d i e d  t h e  influence of exogenous  glucocort icoids o n  t h e  v i rus ,  
a l t hough  a n a t u r a l  infect ion m a y  b e  r egu la t ed  b y  endogenous  glucocort i ­
coids. T h e  l a t t e r  a r e  p roduced  b y  t h e  a d r e n a l  cor tex  a n d  t h e i r  level  va r ies  
in t h e  course of t h e  infect ious  process.  T h e  p u r p o s e  of t h e  p r e s e n t  p a p e r  
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has  been t o  s t u d y  t h e  replication of influenza v i r u s  in albino mice w i t h  
endogenous  hypocorticism a n d  t h e  synthesis  of specific antibodies and re­
s i s t ance  t o  reinfect ion wi th  t h e  pa thogen ic  inf luenza v i ru s  A / P R / 8 / 3 4 .  

Materials and Methods 

Animals. Tho  e x p e r i m e n t s  were car r ied  ( u t  i n  m a l e  hybr ids  (CBA x C57BL/6) aged 3 o r  
4 monthH. T h e  mice were  o b t a i n e d  f r o m  inbred an ima l s  n u r s e r y  of t h e  Academy of Medical 
Sciences of U .S .S .R .  (Stolbovaya) .  Al toge ther  170 mice were  used in 2 t r ia ls .  

Induction of endogenous hypocorticism. T o  produce  endogenous hypocort icism bi la te ra l  adre­
na lec tomy  w a s  pe r fo rmed  since t h e  previous  d a t a  indicated (Semenkov and  Molotkov,  1974; 
Semenkov  a n d  Afmogenova,  1982) t h a t  t h e  cort icosterone level was  ha l f  a s  high i n  adrenal -
ectomized an ima l s  a s  in t h e  i n t a c t  ones.  Adrenal  g lands  were  removed t h r o u g h  a med ian  sk in  
incision t o  l u m b a r  a r e a .  T h e  r igh t  a n d  l e f t  subcostal  muscles were dissected a n d  t h e  u p p e r  
k idney  poles wore then  approached  in order  t o  ex t rac t  t he  adrenals .  S h a m  surgery was  s imula ted  
in control  an imals .  Th i s  included t h e  s a m e  manipula t ions  except  f o r  t h e  ex t i rpa t ion  of t h e  
adrena l s .  T h e  mice opera ted  on were  given 0 . 8 5 %  saline. 

Viruses and infection. In f luenza  v i rus  s t r a ins  A / P R / 8 / 3 4  (H1N1) a n d  A/Krasnodar /101/59  
(H2N2) wore grown in chick embryos .  T h e  infecti  vit y of influenza viruses w a s  de te rmined  b y  
infect ion of 9 o r  10-day-old chick embryos  in to  t h e  a l lantoic  cav i ty .  T h e  v i rus  con ten t  was  de­
te rmined  b y  haemagglu t ina t ion  ac t iv i ty  a f t e r  incubat ion  of t h e  embryos  a t  37 °C f o r  48  h r .  
T h e  infec t iv i ty  w a s  expressed in e m b r y o  infact ious  imi ts  (EID50). I n  t h e  1st series exper imenta l  
a n d  control  an imal s  were infected in t ranasa l ly  o n  d a y  3 a f t e r  surgery  w i t h  t h e  s t r a in  A /PR/8 /34  
in doses  5 EIDso* 50 EIDso* a n d  0000 EID50.  I n  t h e  2nd series t h e  mice were infected in t ra ­
nasal ly  o n  d a y  3 a f t e r  tho  surgery  w i t h  e i the r  live o r  killed influenza v i rus  A/PR/8 /34  in a dose 
of 1000 EID50.  Tho  v i rus  w a s  inac t iva ted  b y  hea t ing  in t h e  w a t e r  b a t h  a t  56 °C fo r  30 min .  
I n  t h i s  series some adronalectomized mice were infected w i th  live v i rus  A/Krasnodar /59 .  F o r  
t h o  assessment  of tho  developed resistance t o  t h e  challenge w i th  t h e  pa thogenic  v i rus ,  t h e  
mice wore reinfected in t ranasa l ly  wi th  A/PR/8 /34  v i rus  in a dose of 6000 EID50 30 d a y s  a f t e r  
t he  first influenza v i rus  admin i s t r a t ion  b o t h  in t h e  1st a n d  2nd exper imenta l  series. T h e  concen­
t r a t i o n  of t h e  v i rus  in t h e  lungs  was  de te rmined  o n  d a y  3 a f t e r  t h e  first a n d  second infect ion 
b y  t i t r a t i o n  of t h e  lung  t issue suspension in 10-day-old chick embryos  w i th  a correct ion f o r  
t h e  weight  of t he  lungs.  T h e  v i rus  t i t r e s  were m e a n  values  of t h e  t i t r e s  in t h e  lung  t issue of 
2 o r  4 mice. 

Serologic tests. T h e  se rum f r o m  exper imenta l  a n d  control  mice were collected o n  d a y  19 t o  
25  a f t e r  t h e  first infection w i th  influenza v i ius .  T h e  se ra  were inac t iva ted  b y  hea t ing  a t  56 °C 
for 30 min a n d  t i t r a t e d  in a H I  a n d  V N  t e s t s  according t o  W H O  protocols  (1959). T h e  t i t r e s  
were averaged over  t i t r a t i o n s  in 2 o r  4 mice. 

Proliferative response of spleen lymphocytes. Seventy- two h r  a f t e r  in t ranasa l  infection w i t h  
t h e  v i rus  A / P R / 8 / 3 4  (1000 EID50) spleen cells f r o m  mice were  collected. T h e  lymphocy tes  were 
isolated f r o m  t h e  spleen cell suspension b y  Ficoll-Pack dens i ty  gradient  cent r i fuga t ions  (Q = 
1.077) a t  1500 rev /min  for  40 min  (contr ifuge JAJ 418H,  Hunga ry ) .  T h e  lymphocytes  were 
rinsed in H a n k s '  solut ion a n d  cu l tu red  in medium RPMI-1640  in a concent ra t ion  of 106 cells/ml 
i n  t h e  presence of 10% foetal  calf s e rum,  H E P E S ,  2-mercaptoethanol ,  L-g lu tamine ,  a n d  gen ta -
mycino in 5 %  CO2 a t  .37 °C. T h e  lymphocytes  wore s t imula ted  for  72 h r  b y  inac t iva ted  purified 
influenza vi rus .  T h e  prol i fera t ive  response of lymphocytes  w a s  measured b y  incorporat ion of 
8 H-thymid ino  in 3 paral lel  cu l tures  (for de ta i l s  see Lavrov  et al., 1987). 

Re suit x 

First trials 

I t  can b e  seen in F i g .  1 t h a t  m e a n  t i t r e s  of inf luenza v i ru s  A / P R / 8 / 3 4  were  
h igher  i 11 t h e  lungs  of adrena lec tomized  mice t h a n  in control  ones  w i t h  
e i t he r  5 KID50 o r  5 0  "KIDgo. A f t e r  infect ion wi th  a dose  of 0000  EID50  t h e  
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Ficj. 1. 
Replication of influenza A v i r u s  in t h e  

lungs  of mice wi th  endogenous 
hypocorticism 

Abscissa:  whi te  columns — v i r u s  t i t res  
in the  lungs  of adrenalectomized mice. 
Shaded columns — v i r u s  t i t r e s  in t h e  
lungs of mock-operated mice. 1 — pri­
m a r y  in jec t ion  of t h e  v i r u s  i n  doses:  
1 — 5  EID50 p e r  mouse, I I  — 50  EID50 
p é r  mouse, I I I  — 6000 EID50 p e r  mouse; 
2 — v i r u s  challenge w i t h  a dose of 
6000 EID50 pei' mouse. Cross indicates 
t h a t  t h e  v i r u s  t i t res  were n o t  determined 
because these mice died a f t e r  primoin-
fection. Ordinate — v i r u s  t i t res  (log 
EID50). 
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t i t res  were  essentially equal.  Infection w i t h  5 E I D 5 0  of t h e  A/PR/8/34 s t ra in  
caused deaths  neither of experimental  nor  of control animals.  T h e  dose of  
50  EID50 led t o  t h e  dea th  of 3 adrenalectomized mice o u t  of 12, whereas  all  
control mice surv ived .  T h e  dose of 6000 EID50 killed all adrenalectomized 
mice b y  d a y  9, t h e  first deaths  occurring on d a y  5. I n  t h e  mock-operated 
animals  t h e  first deaths  occurred 2 d a y s  later,  a n d  4 mice o u t  of 12 surv ived .  
Upon reinfection of mice a f t e r  30 d a y s  w i t h  6000 E I D 5 0  of s train A/PR/8/34 
a marked  suppression of v i r u s  replication w a s  observed  in  t h e  lungs  of b o t h  
adrenalectomized mice a n d  of t h e  mock-operated ones. Less  v i r u s  multipli­
c a t i o n  w a s  f o u n d ,  however ,  i n  mock-ope ra t ed  mice.  M e a n  t i t r e s  of v i rus -
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T h e  t i t r e s  of vi rus-neutral iz ing (I) a n d  haemagglut inat ion- inhibi t ion  an t ibodies  ( I I )  i n  mice  
w i t h  endogenous hypocort ic ism 

Abscissa: v i r u s  doses f o r  p r i m a r y  infect ion (EIDso/mouse), o rd ina t e  — antibody t i tres .  B lack  
circles — adrenalectomized mice, white  circles — mock-operated mice. The cross indicates t h a t  
antibody t i t res  were n o t  determined in the  adrenalectomized mice because t h e y  died a f t e r  
primoinfection. Ordinate:  serum dilution reciprocals. 
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Prol i ferat ive response of Hpleen lympho-
cyte« in mock-opera ted  mice (I) a n d  in 
adrenalectomized mice ( I I )  w i t h  endo­

genous  hypocort icism 
Abscissa: 1 — spontaneous  prol i fera t ion,  
2 — prol i fera t ion in response t o  t h e  
s t imula t ion  of lymphocytes  w i t h  s t r a i n  
A/Krasnodar/101/59,  3 — in  response t o  
t h e  s t imula t ion  wi th  s t r a i n  A/PR/8 /34 .  
Ord ina t e  — incorporat ion of ^ - t h y ­
midine ( x  103 counts /min) .  

neu t ra l i z ing  an t ibod ies  t o  s t ra in  A / P R / 8 / 3 4  were  higher  in t h e  moek-oper -
a t e d  a n i m a l s  t h a n  in t h e  adrenalec tomized  mice.  T h e  H I  a n t i b o d y  t i t r e s  
were also h igher  in t h e  f o r m e r  a f t e r  a dose  of 5 EID50, shereas  a f t e r  in jecion 
o f  50  EIDgo  t h e y  were  essent ia l ly  identical  (Fig .  2). 

Second trial 

Because  in t h e  first  series t h e r e  w a s  n o  difference be tween  v i r u s  t i t r e s  i n  
t h e  lungs  of adrena lec tomized  a n d  control  a n i m a l s  inocula ted w i t h  high 
doses  of A / P R / 8 / 3 4  (6000 EID50),  1000 EID50 of A / P R / 8 / 3 4  (less t h a n  t h e  
sub le tha l  dose)  w a s  used f o r  in t r anasa l  infect ion in t h e  2 n d  series ( T a b l e  1). 
A f t e r  admin i s t r a t ion  of t h i s  dose  n o  m a r k e d  difference be tween  t h e  v i r u s  
t i t r e s  in t h e  lungs  of exper imen ta l  a n d  control  an imal s  w a s  observed  a n d  t h e  
d e a t h  r a t e s  were  equa l  (40%),  b u t  f irst  d e a t h s  occurred  earl ier  in t h e  a d r e n a l  
ec tomized  an ima l s .  S imi lar ly  t o  t h e  f i rs t  series, t h e  mean  t i t r e s  of v i rus -
neut ra l iz ing  an t ibod ies  t ended  t o  b e  higher  in t h e  mock-opera ted  mice  t h a n  
in t h e  adrena lec tomized  ones,  whereas  t h e  H I  a n t i b o d y  t i t r e s  d id  no t  show 
a n y  difference.  In f luenza  v i r u s  repl icat ion in t h e  lungs  w a s  t o t a l l y  suppressed  
a f t e r  re infec t ion  w i th  (5000 E I  D 50 of  t h e  s t r a i n  A / P R / 8 / 3 4  b o t h  in t h e  mice  
t h a t  u n d e r w e n t  a d r e na l e c tom y  a s  well a s  in t h e  control  an imals .  I t  is no te ­
w o r t h y  t h a t  n o  specific an t ibod ies  were de tec ted  in t h e  s e rum in response  
t o  t h e  admin i s t r a t ion  of live v i ru s  A/Krasnodar /101/5!)  o r  t h e  killed A / P R /  
8/34 v i rus ,  e i t he r  in adrena lec tomized  o r  in control  mice .  A f t e r  re infec t ion  
with 0000 E l  Don of A / P R / 8 / 3 4  t h e  repl icat ion of t h e  v i ru s  w a s  n o t  s u p ­
pressed (Table  I, g r o u p s  3 a n d  4). A f t e r  s t imu la t ion  wi th  t h e  specific s t r a i n  
A / P R / 8 / 3 4  t h e  prol i fera t ive  response of  spleen l y m p h o c y t e s  of mice w i t h  
endogenous  hypocor t ic ism a p p e a r e d  t o  b e  1.7 t i m e s  h igher  t h a n  in controls ;  
a f t e r  in ject ion of t h e  heterologous s t ra in  A/Krasnodar/101/5!)  i t  w a s  1 . 5  
t i m e s  higher .  T h e  s pon t a ne ous  prol i fera t ion of l ymphocy te s  increased 1.3 
t i m e s  (Fig.  3). 
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Discussion 

I t  h u s  been  s h o w n  t h a t  t h e  increased death  rate  in adrenalectomized m i c e  
w i t h  endogenous  hypocorticisra w a s  i n  m o s t  cases associated w i t h  e levated  
v i r u s  t i tres  i n  t h e  lun^s  as  c o m p a r e d  w i th  t h e  control  values.  T h e  increased 
suscept ib i l i ty  o f  mice  w i t h  e n d o g e n o u s  hypocort ic ism t o  i n f l u e n z a  in fect ion  
w a s  m o s t  m a r k e d  a f t e r  in fect ion  w i t h  t h e  doses  o f  5 EID50 a n d  5 0  EID50 
o f  t h e  strain  A/PR/8/34, whereas  u p o n  inoculat ion o f  t h e  dose  1000 EID50 
t h e  d e a t h  rate  o f  t h e  exper imenta l  a n d  control a n i m a l s  w a s  similar.  Y e t .  
t h e  first d e a t h s  occurred earlier in adrena lectomized  mice.  It has  been  pre­
viously shown (Semenkov a n d  Molotkov,  1974; Semenkov,  1985) t h a t  endo­
genous hypocorticism enhances the immune responses o f  T-cells t o  strong 
and weak graft  antigens. This  enhancement of immunity  seems t o  be not 
sufficient, however, for suppression o f  the  virus replication. I t  should be 
taken into  account tha t  during endogenous hypocorticism t h e  immuno-
pathologic responses of  T-cells can develop in parallel with the  enhancement 
o f  t h e  inflammatory process. It is possible that  glucocorticoids can modify  
the  replication o f  viruses b y  act ing upon the function of  the virus-suscep-
tible cells. 

H i g h  I evcl of  endogenous  glucocort icoids  can  cause  a n  e n h a n c e d  v i r u s  
repl ica t ion  owing  t o  suppress ion of i m m u n e  responses  a n d  inhib i t ion  of t h e  
syn thes i s  of inter leukine-1 a n d  inter leukine-2,  a n d  of t h e  i m m u n e  in te r fe ron  
m R N A  (Arya  ct til., 1984; Bochner  et id., 1987). A low level of endogenous  
glucocort icoids  p r o m o t e s  t h e  in tensi f icat ion of t h e  p roduc t ion  of in t e r ­
leukine-1 ( the  i n f l ammat ion  fac to r )  a n d  of in ter leukine-2  a s  a n  anabol ic  cell 
g rowth  f a c t o r .  T h i s  m a y  c r ea t e  p re requis i tes  f o r  in te rac t ion  of t h e  v i r u s  
wi th  suscept ible  cells a n d  f o r  i t s  repl icat ion.  

O u r  resu l t s  po in t  a t  increased  prol i fera t ive  response of spleen l y m p h o ­
c y t e s  t o  specific a n d  nonspecif ic  v i rus  an t igens  in mice w i t h  endogenous  
hypocor t ic i sm.  I n  adrena lec tomized  an imals ,  however ,  110 increase of virus-
neut ra l iz ing  o r  HI  a n t i b o d y  t i t r e s  h a s  been observed a t  a n y  infect ion dose  
of A / P R / 8 / 3 4  v i rus .  T h e  syn thes i s  of h u m o r a l  an t ibod ies  t o  inf luenza v i ru s  
is t h y m u s - d e p e n d e n t  (Callard,  1979). I t  c a n n o t  b e  ru led  o u t  t h a t  a cer ta in  
level of endogenous  glucocort icoids  is needed f o r  d i f ferent ia t ion  of cort isone-
res i s t an t  subpopu la t ions  of  T - l y m p h o c y t e s  a c t i ng  in coopera t ion  w i t h  B- lym-
phocy tes .  A f t e r  p r i m a r y  in fec t ion  w i t h  5 EID50  o r  50 E I D 5 0  of A / P R / 8 / 3 4  
t h e  induc t ion  of res is tance t o  re infect ion wi th  a le tha l  dose  of t h i s  v i ru s  
(6000 KI Dsn) w a s  easier  t o  ach i eve  in t h e  mice a f t e r  s imu la t ed  su rge ry  t h a n  
in adrena lec tomized  mice.  A f t e r  p r i m a r y  infect ion of mice wi th  1000 E I D 5 0  

of  A / P R / 8 / 3 4  t h e  induc t ion  of res is tance  t o  reinfect ion w a s  identical  in 
ad rena lec tomized  a n d  control  mice.  
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