
The compounds tes ted  l ikewise had no cytotoxic action in concentra t ions  5 t imes  g r e a t e r  than the max imal  con- 
centra t ion used in the expe r imen t s .  Dif ferences  found were  s ta t i s t i ca l ly  significant  (by Student 's  c r i te r ion) .  

I t  can thus be concluded f r o m  these  r e su l t s  that diphosphonates have a p ro tec t ive  action on the outer  
cel l  m e m b r a n e  of lymphocytes  against  immunologic  injury.  This  fact  may  be of g r ea t  impor tance  to the under -  
standing of the m e c h a n i s m s  of development  and the t r e a t m e n t  of  d i s ea se s  in which the leading pathogenic fac tor  
is  a d is turbance  of the in tegr i ty  of  the outer  cel l  m e m b r a n e  on an immunologic  bas i s .  
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The phagocytic act ivi ty of  the leukocytes  and the s e r u m  complement ,  properdin ,  and lysozyme 
levels  were  studied in g e r m f r e e  minia ture  piglets  and s i m i l a r  animals  contaminated with E s c h -  
e r i ch ia  col i  055 and E. coli 083. In the p re sence  of autologous s e r u m  and complement  phag-  
ooytosis  of E. coli 055 cei ls  was inhibited, but it was cons iderably  intensif ied under the influ- 
ence of spec i f ic  opsonins (antibodies against  E. ooli 055). Lowered  levels  of complement ,  p ro -  
perdin,  and lysozyme  were  found in the g e r m f r e e  animals .  After  p e r o r a l  monocontaminat ion 
with E. coli the fo rmat ion  of properd in  and complement  was s t imulated the mos t ,  and that  of 
lysozyme the least .  Antibodies against  E. coli 055 were  not found in the monocontaminated 
piglets .  The highest  lysozyme levels  were  found in the prev ious ly  g e r m f r e e  animals ,  which 
points to the role  of o ther  contaminat ion fac tors  than E. coli cel ls  in the s t imulat ion of lyso-  
zyme.  It  is concIuded that  mic rob ia l  contaminat ion plays an impor tan t  ro le  in the development  
of the ce l lu la r  and h umora l  f ac to r s  of  r e s i s t ance .  
KEY WORDS: gnotobiotic minia ture  piglets ;  phagocytosis ;  complement ;  properdin;  lysozyme.  

With the development  of the gnotobiological  approach the attention of r e s e a r c h  worke r s  has  been i n c r e a s -  
ingly a t t rac ted  to the study of the role  of the mic rob ia l  fac tor  in the fo rmat ion  of the immunobiologica l  r eac t iv t ty  
of  the host.  Exper imen t s  on g e r m f r e e  animals  of va r ious  spec ies  have  yielded new data on the role  of the 
m i c r o f l o r a  and i ts  individual r e p r e s e n t a t i v e s  in the m e c h a n i s m s  of immunogenes i s  and also of nonspeeif ie  
r e s i s t a n c e  of the host  to infection. Meanwhile, the role  of  the mic rob ia l  fac tor  in the format ion  of r e s i s t a n c e  
has  s t i l l  been only inadequately studied. G e r m f r e e  piglets  a re  pa r t i cu l a r ly  valuable  for  the study of the m i c r o -  
b ia l  influence on the development  of immunobiologiea l  r eac t iv i ty  and nonspecif ic  r e s i s t a n c e  to infection, for  
because  of the nature  of  the s t ruc tu re  of the i r  p lacenta  (of the chor ieepi the l ia l  type),  no globulins of ma t e rn a l  
or igin  can en te r  the fe tuses  [9]. 

Methods of obtaining and r e a r i n g  g e r m f r e e  minia ture  piglets  were  developed and introduced at the Re -  
s e a r c h  Labo ra to ry  of E x p e r i m e n t a l  Biological  Models ,  Academy of Sciences  of the USSR~ beginning in 1975. 

R e s e a r c h  L a b o r a t o r y  o f  Expe r imen ta l  Biological  Models, Academy of Sciences of the USSR, Moscow Re-  
gion. (Presen ted  by Academic ian  of the Academy of Medical Sciences of the USSR, N. N. Zhukov-Verezhnikov.)  
T rans l a t ed  f r o m  Byulleten ~ Ekspe r imen ta l ' no i  Biologii i Meditsiny, Vo!. 86, No. 9, pp. 341-344, September ,  
1978. Original  a r t ic le  submit ted  November  18. 1977. 
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Fig. 1. Phagocytosis  of E. coli 055 cells  by 
leukocytes of monocontaminated and g e r m f r e e  
miniature  piglets. Abscissa,  duration of pha-  
gocytosis  (in h) ; ordinate ,  log of number  of living 
mic roorgan i sms  in 106 leukocytes,  a) Phago-  
cytos is  in piglets  monocontaminated with E. 
coli 055: 1) in p resence  of autologous se rum 
of these  piglets,  2) in p resence  of complement ,  
3) in Hanks'  medium; b) phagocytosis in piglets 
monocontaminated with E. coli 083: 1) in 
p resence  of autologous s e ru m  of these  piglets,  
2) in p resence  of specif ic  an t i se rum against E_: 
coli 055; c) phagocytosis  in g e r m f r e e  piglets: 
1) in p resence  of autologous se rum of these  
piglets,  2) phagocytosis in p resence  of specif ic  
an t i se rum against E. coli 055. 

The object  of this investigation was to study the state of nonspecific r es i s t ance  in g e rm f ree  miniature 
piglets and also in the same animals when contaminated with bac te r ia  of the enteropathogenic s t ra in  Escher ich ia  
coli 055 and the nonpathogenic s t ra in  E. coli 083. 

E X P E R I M E N T A L  M E T H O D  

Germf ree  miniature  piglets were  obtained by hys te ro tomy in an operat ing i so la tor  of the w r i t e r ' s  own 
design [3]. The canine teeth of the newborn animals were ext rac ted ,  af ter  which the resul t ing g e r m f r e e  piglets 
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Fig. 2. Humora l  indices of nonspecif ic  i m -  
munobiological  r eac t iv i ty  in gnotobiotic and 
o rd ina ry  piglets.  A) Complement  (in uni t s /  
ml); B) properd in  (in uni ts /ml) ;  C) lysozyme 
(in #g/ml) ;  1) g e r m f r e e  piglets ;  2) piglets  
monocontaminated with E. coli 083; 3) piglets  
monocontaminated  with E. coli 055; 4) f o r m e r  
g e r m f r e e  piglets;  5) o rd ina ry  piglets.  

were  t r a n s f e r r e d  to an i so la to r  for  rea r ing .  The an imals  were  fed on a mi lk  diet with the addition of v i tamins  
and t r a c e  e lements  [10]. A microbio logica l  control  was set  up as descr ibed  in [2]. All the technological  p ro -  
c e s s e s  of the gnotobiological  exper iment  were  c a r r i e d  out in accordance  with Lhe ru les  e labora ted  in [7]. 

Miniature piglets  aged 2.5 months - g e r m f r e e ,  monocontaminated with E. coli and o rd ina ry  - were  used. 
Enteropathogenie  s t r a in  E. coli 055 and nonpathogenic s t r a in  E. coll 083, obtained f r o m  the Inst i tute  of Micro-  
biology, Czechos lovak Academy of Sciences (Prague),  were  used for  monocontaminat ion.  The piglets  were  con- 
t amina ted  at the age of 1.5 months pe r  os in a dose  of 5-10 bil l ion E. coli cel ls .  

The development  of  nonspecif ic  r e s i s t a n c e  in the gnotobiotic animals  was a s s e s s e d  f r o m  the indices of  
phagocytic  act ivi ty of the blood leukocytes  and humora l  f ac to r s  of immunobiological  r eac t iv i ty  (complement,  
properdin ,  lysozyme) .  Humora l  f ac to r s  also were  studied in piglets  of the s a m e  age, r emoved  at the age of 
1.5 months f r o m  a s t e r i l e  i so la to r  to the o rd inary  mic rob ia l  envi ronment ,  in which they r ema ined  for  one month 
before  the exper iment .  Each group studied contained 6 to 8 animals .  

The phagocytic act ivi ty of the leukocytes  f r o m  g e r m f r e e  and monocontaminated piglets  was de te rmined  in 
v i t ro  by a modified method [8]. The object  for  phagocytosis  consis ted of E. coli 055 cel ls ,  in the rat io  of one 
b a c t e r i u m  to 50 leukocytes .  To study the development  and role  of opsonizing fac to r s  in phagocytosis ,  the 
phagocyt ic  act ivi ty of the leukocytes  was compared  in the p r e sence  of s e r u m  f r o m  g e r m f r e e  and monocon tam-  
i~ated piglets ,  and also of nonspecif ic  and specif ic  opsonins (a s tandard  p repa ra t ion  of complement  and an t i s e rum 
agains t  E. c01i 055 in a dilution of 1 : 10). Under these  conditions the phagocytic  act ivi ty of the leukocytes of 
g e r m f r e e  and monocontaminated  animals  was de termined.  

After  incubation for  30 rain to des t roy  ex t raceUula r  bac te r i a ,  a mix ture  of antibiotics (100 i.u. pen i c i l l i n  
and 100 tzg s t rep tomycin)  was added to the phagocytic sys tem.  Samples  of the phagocytic mixture  were  taken 
30 rain, and 1, 2 and 4 h af ter  the beginning of incubation. The cel l  res idue ,  washed in physiological  sal ine,  was 
d is in tegra ted  by pipeting in 1 ml  of s te r i l e  dist i l led water .  Tenfold dilutions were  p repa red  f r o m  the resul t ing  
cel l  lysa te  and 0.5 ml  of each dilution was seeded on Endo-aga r  in pe t r i  dishes.  The n u m b e r  of colonies g row-  
ing on the dishes was counted af ter  incubation for  24 h and the number  of living E. coli cel ls  p resen t  in 106 
leukocytes  was calculated.  

The s e r u m  properd in  and complement  levels  were  de te rmined  by the method adopted at the Inst i tute of 
Ped ia t r i cs ,  Academy of Medical Sciences of the USSI~ [4]. Lysozyme  in the s e r u m  was de te rmined  by a dish 
method using a t e s t  cul ture  of Micrococcus  .lssodeicticus. The specif ic  immune  r e sponse  in piglets  monocon- 
tamina ted  with E. coli 055 was studied by de te rmin ing  the levels  of  antibodies against  these  m i c r o o r g a n i s m s  by 
the pass ive  hemagglut inat ion test .  
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E X P E R I M E N T A L  R E S U L T S  

Reduced phagocytic act ivi ty of the blood leukocytes of the g e r m f r e e  and monocontaminated piglets  was 
d i scovered  in the p resence  of the s e r u m  of these  animals  (Fig. 1). On the addition of complement  to the pha -  
gocy t i c t e s t  sys tem,  no i nc rea se  in phagocytosis  was found e i ther  in the g e r m f r e e  or  monocontaminated animals .  
When a n t i s e r u m  against  E. coli 055 was used as the opsonin, a marked  inc rea se  was obse rved  in the phagocytic 
act ivi ty  of the leukocytes,  and it  was espec ia l ly  marked  in piglets monoeontaminated with E. coli 055 (Fig. 1). 

The absence of  any opsonizing effect  of  s e r u m  f r o m  the monoeontaminated animals  coincided with the 
absence  of antibodies against  E_.: co_._h_'li 055 in them. Whereas  in o rd ina ry  control  piglets  the t i t e r  of no rma l  ant i -  
bodies against  E.~ coli 055 was 1 : 32-1 : 64, in the g e r m f r e e  and monocontarninated animals  none of these  ant i -  
bodies were  found (antibodies were  detected in only a few of the monocontaminated piglets  in a t i t e r  of  I : 2-  
1 :4) .  

These  resu l t s ,  indicating the g rea t  impor tance  of specif ic  opsonins (antibodies) for  phagocytosis  of 
pathogenic .F_~ coil cei ls  in v i t ro ,  a r e  in full ag reemen t  with the dependence of the phagocytic act ivi ty of the mono- 
nuc lear  phagocytic s y s t e m  in g e r m f r e e  animals  on the p re sence  of specif ic  opsonins in vivo d i scovered  p r e -  
v iously  [6]. 

A study of the humora l  indices of  nonspecif ic  immunobiolggical  r eac t iv i ty  in the germ_free piglets  com-  
pared  with o rd inary  an imals  showed lower levels  of complement  and properdin.  After monocontaminat ion of  
gnotobiotic piglets  a marked  i n c r e a s e  was obse rved  in the indices of  nonspecif ic  r e s i s t ance ;  the enteropatho-  
genie s t r a in  E. coil 055, m o r e o v e r ,  p o s s e s s e d  a s t ronge r  s t imulat ing effect  than the nonpathogenie s t r a in  E_:_. 
coli 083 (Fig. 2). The properdin  levels  in the mon0oontaminated piglets  were  much higher  than in o rd ina ry  
"~nimals. The r e su l t s  demons t r a t e  the impor t an t  role  of the mic rob ia l  fac tor  as a whole and of E. coli in 
pa r t i cu l a r  in the s t imulat ion of complement  and properdin  formation.  

The pathogenic and nonpathogenie s t ra ins  of E. coli also s t imulated lysozyme format ion  to some extent, 
and equally. However,  the lysozyme concentrat ion was higher  in o rd ina ry  animals .  The lysozyme concen t ra -  
tion was pa r t i cu la r ly  high in the s e r u m  of f o r m e r  g e r m f r e e  piglets.  Compar i son  of the lysozyme levels  in all  
ca tegor ies  of animals ,  depending on the i r  mic rob ia l  s ta tus ,  sugges ts  that E-- c01i cei ls  play an impor tant ,  but 
not the pr incipal  r o l e  in the s t imulat ion of this fac tor  of nonspecff ic  r e s i s t a n c e  under  the influence of m i c r o -  
f lora.  This ro le  can be p e r f o r m e d  more  successfu l ly  by other  m i c r o o r g a n i s m s  or  by the i r  associa t ions  as well  
as by other  as yet  unidentified fac to r s  which, d i rec t ly  or  indi rec t ly  (through leukocytosis)  s t imula tes  lysozyme 
formation.  It is in te res t ing  to note that the highest  concentrat ion of lysozyme was d i scovered  in the f o r m e r  
g e r m f r e e  animals  which, against  the background of a genera l  def ic iency of immuni ty ,  were  exposed s i m u l -  
taneously  to intensive and va r i ed  mic rob ia l  action. The r e su l t s  emphas ize  the specia l  impor tance  of this fac tor  
of  nonspecif ic  r e s i s t ance  for  the immunologica l ly  intact  o rgan i sms  exposed to m a s s i v e  mic rob ia l  action. Con- 
s ider ing  the impor tan t  role  of  lysozyme in r e s i s t a n c e  to infection, espec ia l ly  in chi ldren [5], the impor tance  of 
the fu r the r  study of how i ts  format ion  depends on the mic rob ia l  fac tor  will be evident.  

The enhancement  of all fac tors  of  nonspecif ic  r e s i s t a n c e  during contamination of g e r m f r e e  animals  ev i -  
dently r e f l e c t s  the s t r e s s  r e sponse  of the host  to mic rob ia l  action and is  adaptive in cha rac te r .  Under these  
c i r cums tances  the developnmnt of the individual indices of nonspecif ic  r e s i s t a n c e  in g e r m f r e e  animals  on mono- 
contamination with cel ls  of the genus Escher i ch ia  depends on the pathogenici ty of  the m i c r o o r g a n i s m s .  These 
observa t ions  deepen our  knowledge of the different  effects  of  o ther  m i c r o o r g a n i s m s  p re sen t  in the  no rma l  
m i c r o f l o r a  of  the host on the indices of nonspecif ic  r e s i s t ance .  

On the whole, the r e su l t s  demons t r a t e  the p re fe ren t i a l  development  of  nonspeeif ic  f ac to r s  of r e s i s t a n c e  in 
animals  during monocontaminat ion with E: coli in the absence  of any accompanying mic ro f lo ra .  
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E F F E C T  O F  S T E M  C E L L  I N H I B I T I O N  F A C T O R  

A N D  M A C R O P H A G E  M I C R A T I O N  I N H I B I T I O N  F A C T O R  

ON E X O C O L O N I Z A T I O N  A N D  M I G R A T I O N  OF M O U S E  S P L E E N  C E L L S  

E .  B.  M y s y a k i n ,  A. P.  S u s l o v ,  UDC 612.411.014. 2:612.6]-064 
T .  A.  G o l o v a n o v a ,  a n d  D.  R.  K a u l e n  

Hematopoie t ic  s t e m  cell  inhibition fac tor  (SCIF), l ibera ted  by lymphocytes  t r ea ted  with ant i -  
lymphocyt ic  globulin, causes  inhibition of migra t ion  of the spleen cells  of in tac t  mice.  The de-  
g ree  of inhibition of migra t ion  co r r e sponds  to the colony-inhibi t ing activity of the SCIF. Macro-  
phage migra t ion  inhibition fac tor  (MMIF) obtained in the H-2 s y s t e m  has  a s t imulat ing effect  
on exocolonizat ion in mice  on t r e a t m e n t  of a b o n e - m a r r o w  graf t  in vi t ro .  The co lony - s t imu la -  
ting act ivi ty  of MMIF co r re sponds  to i ts  inhibi tory effect  on migra t ion  of spleen cel ls .  I n c u b a -  
tion of bone m a r r o w  cel ls  with MMIF for  30 rain is  m o r e  effect ive than incubation for 2 h. I t  
is  suggested that  SCIF and MMIF are  not ident ical  with one another.  
KEY WORDS: Stem cel l  inhibition factor ;  migra t ion  inhibition factor ;  exocolonization; m i g r a -  
tion. 

Invest igat ion of the biological  p rope r t i e s  of  hematopoie t ic  s t e m  cel l  inhibition fac tor  (SCIF), which is 
s ec r e t ed  by lymphocytes  t r ea t ed  with ant i lymphocyt ie  globulin (ALG) [1], has  shown that  it has the ability to 
inhibit migra t ion  of the spleen cel ls  of intact  mice  [3]. 

To study the poss ib le  identi ty of SCIF with m a r c r o p h a g e m i g r a t i o n  inhibition f ac to r  (MMIF), in the inves -  
t igat ion desc r ibedbe low the action of these  fac tors  on hematopoie t ic  s t e m  cel ls  and migra t ion  of spleen cel ls  
was studied. 

E X P E R I M E N T A L  M E T H O D  

SCIF was obtained by the method desc r ibed  e a r l i e r  [2]. MMIFwas  obtained in an H-2 s y s t e m  by the 
method suggested by F r i edman  [6], in the modificat ion of Suslov et al. [4]. 

The method of cloning hematopoie t ie  s t e m  cel ls  in vivo in lethal ly i r r ad ia t ed  rec ip ien ts  [10] was used. 
The bone m a r r o w  cel ls  intended for t ransplan ta t ion  were  t r ea t ed  in v i t ro  with SCIF or  MMIF for  120 or  30 rain, 
a f te r  which they were  washed th ree  t imes  with medium. An ir~travenous injection of 0.5 • 105 cel ls  of  intact  o r  
t r e a t ed  bone m a r r o w  was given to the rec ip ien ts  4 h a f te r  i r r ad ia t ion  (830 rad). The animals  were  killed nine 
days l a te r  and the number  of m ac ros cop i ca l l y  v is ib le  colonies on the su r face  of the spleen was counted. 

To t e s t  the act ivi ty of the resu l t ing  MMIF and to study the biological  p rope r t i e s  of the SCIF, the cap i l l a ry  
method of mac rophage  migra t ion  was used [5]. Cells  f r o m  the intact  spleen of (GBA x C57BL/6) F 1 mice  were  
used as migra t ing  cel ls .  The degree  of migra t ion  was a s se s sed  by weighing the zone of migra t ion ,  t r a ced  on 
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Sciences of  the USSR, Moscow. (Presented  by Academic ian  of the Academy of Medical Sciences of  the USSR 
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