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Intravenous injection of 0.5-5 mg of pepsin Fabl-fragments of homologous and autologous 
TG-globulin, and also of homologous ~G-globulin (IgG) into a rabbit lowers the level of 
endogenous complement, and this is accompanied by a transient increase in the body tem- 
perature and marked leukopenia. The biological action of the Fabl-fragments is similar 
to that of aggregated homologous and heterologous IgG and correlates with their ability to 
fix complement nonspecifically. Unlike aggregated IgG, the Fabl-fragment exhibits its 
activity only in a homologous system, which is determined by its ability to react with IgG 
obtained from the same species. 

Recent observa t ions  have de te rmined  new approaches  to the study of biological p rope r t i e s  of 7 G -  
globulin (IgG) and i ts  f ragments .  Bes ides  IgG, f r agments  of it with identical immunochemica l  p rope r t i e s  
to those of the pepsin F ab t - f r agm en t  [2, 4], have also been shown to c i rculate  in the body. These f ragments  
a re  fo rmed  during catabolic  breakdown of homologous and endogenous IgG in the lysosomal  s y s t e m  of the 
phagocytes ,  and they a re  re la t ive ly  highly r e s i s t an t  to decomposi t ion by t i s sue  cathepsins  [9, 10]. It has 
also been demons t ra ted  that f r agments  f rom the Fab - segmen t  of the IgG molecule  can reac t  with homol-  
ogous and autologous IgG [11, 14, 15], and that both normal  IgG as well as 7G-an t ibodies  against  he t e ro l -  
ogous antigens (even a f t e r  blocking of the i r  act ive cen te rs  [5]), can take par t  equally in the react ion.  Al-  
though on this bas i s  this reac t ion  cannot be r ega rded  as one of an t igen-an t ibody  type, it is significant that 
interact ion between IgG and the homologous (autologous) Fab l - f r agmen t  is accompanied  by complement  
fixation [5]. This fact suggested that fixation of endogenous complement  may take place during the react ion 
in vivo between IgG and f ragments  of the Fab 1 type fo rmed  during its ca tabol i sm,  in conjunction with devel-  
opment of pathophysiological  reac t ions  accompanying this p roces s .  

In the invest igat ion descr ibed  below, the effect  of F a b l - f r a g m e n t s  of autologous and homologous IgG 
on the level  of endogenous complement  and on some physiological  indices was studied in rabbi ts .  

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

IgG was i so la ted  f r o m  rabbi t  s e r u m  by means  of ion-exchange chromatography  on DEAE-Sephadex 
as descr ibed  previous ly  [3]. IgG was i so la ted  in the same  way f r o m  normal  bovine s e r u m  [6]. Fab l - f r ag  - 
merits were  obtained f r o m  pepsin hydro lysa tes  of rabbi t  and bovine IgG by the method of Mandy et al. [12]. 
Aggrega t e - f r ee  (AF) and aggrega ted  (A) f rac t ions  of IgG were  obtained exact ly  in accordance  with the method 
descr ibed  by Abdou and Richter  [8]. Complement  was t i t r a t ed  by M a y e r ' s  method [7]. Acid phosphatase 
in the blood s e r u m  was de te rmined  by Asa t i an i ' s  method [1].* 

�9 *The authors  a re  grateful  to Dr.  V. A. Toder  for  his help with the de terminat ions  of acid phosphatase.  
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Fig. 1. Change in s e r u m  complement  level ,  blood white cell count, 
and body t e m p e r a t u r e  of rabbi t s  a f ter  intravenous injection of 5 mg 

1 
homologous Fab - f r agment .  A: 1) complement  level ,  2) total  white 
cell  count, 3) control  (white cell  count a f te r  intravenous injection of 
physiological  saline). Ordinate:  l e f t -  total  white cell count (in 
thousands/mm3) ,  r i g l ~ -  complement  level  (in 50% hemolyt ic  units); 
absc i s sa ,  t ime  (in h). B: 1) neutrophil  count, 2) lymphocyte  count. 
Ordinate,  neutrophil  and lymphocyte  counts ( thousands / ram ~); ab-  
sc i s sa ,  t ime  (in h). C: 1) body t e m p e r a t u r e ,  2) control  (body t e m -  
pe r a t u r e  a f t e r  in jec t ion of physiological  sal ine).  Ordinate,  change 
in t e m p e r a t u r e  (At in deg.); absc i s sa ,  t ime  (in h). 

Fig. 2. Changes in blood white cell  count (A) and body t e m p e r a t u r e  
of rabbi t s  (B) a f t e r  intravenous injection of 0.5 mg homologous IgG 
(1), A- f rac t ion  of IgG (2), AF- f rac t ion  of IgG (3), and AF- f rac t ion  
of F a b l - f r a g m e n t  of homologous IgG (4). Absc i ssa ,  t ime  (in h); 
ordinate:  A) total  white cell  count (thousands/mm3); B) change in 
t e m p e r a t u r e  (At in deg). 

In all  the expe r imen t s  in vivo, py rogen- f r ee  physiological  saline was  used as  the solvent for  making 
up the prote in  p repa ra t ions .  The weight of the exper imenta l  rabbi t s  was  2.5-3 kg. 

E X P E R I M E N T A L  R E S U L T S  

After  intravenous injection of 5 mg homologous Fab l - f r agmen t  into a rabbi t ,  a ma rked  dec rea se  in 
the concentrat ion of endogenous complement  was found, i ts  level  falling to a min imum af te r  5-6 h (Fig. 1A). 
The complement  level  then rose ,  but a f te r  24 h it was  stil l  a l i t t le below normal .  Against  this  background 
of lowering of the complement  level  in the exper imenta l  animals ,  a ma rked  leukopenia developed (Fig. 1A), 
with a dec rease  in the counts of both neutrophi ls  and tymphocytes  in the blood (Fig. 1B). The red  cell count 
in the blood r ema ined  within normal  l imits .  The leukopenia was t r ans ien t  in cha rac t e r ,  and a f t e r  24 h the 
white cell  count was close to normal  or  there  was even a modera te  leukocytos is .  Since the acid phospha-  
t ase  concentrat ion was not i nc reased  in the blood of the exper imenta l  an imals  during the phase of leukopenia 
or  subsequently,  this  may mean that  the dec rea se  in the number  of neutrophi ls  was  due to the i r  migra t ion 
into the e x t r a v a s c u l a r  space r a t he r  than to the i r  des t ruct ion in the blood s t r e am.  In the per iod of r e co v e ry  
of the white cell  count in the c i rculat ing blood, the number  of stab cel ls  showed a substantial  inc rease ,  up 
to 8% (normally not more  than 1-2%). 

A cha rac t e r i s t i c  fea ture  of the biological  action of the Fab l - f r agmen t  is a s soc ia ted  with its pyrogenic  
effect  (Fig. 1C). Measuremen t  of the r ec ta l  t e m p e r a t u r e  indicates that the g rea t e s t  e levat ion of the t e m -  
pe ra tu re  took place against  the background of teukopenia and a lowered complement  level .  The t e m p e r -  
a ture  r e tu rned  to normal  in the per iod of r e s to ra t ion  of the white cell  count in the c i rcula t ing blood. 
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TABLE 1. Fixation of Complement  by IgG and 
Fab l -  F ragment  s 

Sample 

Rabbit Fab I (original) 
" " (AF-fraction) 

Rabbit IgG (original) * 
, ,, (AF-fract ion)  
, , (A-fraction) 

Bovine IgG (AF-fract ion)  
. ,, (A-fract ion) 

Fab i bovine 

Source of c o m p l e m e n t  

Rabbit Guinea pig 
s e r u m  s e r u m  

+ 
+ 

+ + 

+ + 

"* Ant icomplementar i ty  of IgG is de te rmined  by the 
percen tage  content of the A-f rac t ion .  

The biological action of s m a l l e r  doses of 
Fab l - f r agmen t  (0.5 and 0.005 mg) was tes ted.  In 
these cases ,  changes s i m i l a r  to those descr ibed  
above, although less  marked ,  were  obse rved  and 
the i r  intensi ty was di rect ly  dependent on the dose 
of f ragment .  

Altogether  12 s e r i e s  of samples  of Fab 1- 
f ragment  obtained f rom different pools of normal  
rabbi t  s e r u m  were  tes ted,  and as a rule e a c h s a m p l e  
was tes ted  on 3 rabbi ts .  The picture  descr ibed  
above was obse rved  in eve ry  case ,  and the dif- 
f e rences  between individual samples  of the f r ag -  
ment were not significant and were connected en- 

tirely with the intensity of the reactions evoked 

by them.  

The study of the biological action of Fab 1- 
f r agments  f rom autologous IgG was of grea t  in- 

t e r e s t .  To obtain these  spec imens  blood was taken f rom each of the 6 exper imenta l  rabbi ts  at l eas t  2 
months before the exper iment  began. In eve ry  case  the action of the autologous Fab l - f r agment  was qual- 
i tat ively indist inguishable f r o m  the action of the homologous f ragment ,  although there  were  some individual 
va r ia t ions  in the react ion  of the an imals  to injections of the f ragment .  

Injection of f rac t ions  of an increas ing  dose of homologous or  autologous Fab l - f r agmen t  into a rabbi t  
led to the development  of a state of diminished reac t iv i ty  to the f ragment .  The scheme of the expe r imen t s  
was as follows: on the 1st day, 0.01, 0.02, and 0.02 mg of the f r agmen t s  were  injected intravenously at 
in terva ls  of 30 rain, on the 2nd day an ex t r a  injection (0.045 mg) of the f ragment  was given in addition, and 
on the 3rd and subsequent days the o rde r  of the injections was the same as on the previous  days except  that 
yet another  injection of 4.5 mg of the f ragment  was given. On the f i r s t  2 days the exper imenta l  an imals  
showed reac t ions  to injection of the f ragment ,  but they were  substant ial ly weaker  than when a single in- 
jection of the total  daily dose of the f ragment  was given. When fract ional  doses were  injected, and 5 mg 
of the f ragment  was given on the 3rd day, the changes affecting the white blood cel ls  and body t e m p e r a t u r e  
of the exper imenta l  an imals  were  approx imate ly  the s ame  as those a f te r  a single injection of 0.05 mg of 
the f ragment .  A s i m i l a r  dec rease  in reac t iv i ty  was obse rved  if autologous Fab l - f r agmen t  was injected in 
accordance  with the above scheme for  a per iod of 12 days,  during the las t  10 days of which daily injections 
of 5 mg of f ragment  were  given. If injection of the f ragment  ceased  even for  1 day, reac t iv i ty  to it was 
l a rge ly  r e s to red .  

The next essent ia l  step was to compare  the biological action of the Fab i - f r agmen t  and that of intact 
rabbi t  IgG. Original IgG and two of its f rac t ions  (A and AF) were  tes ted.  At the same  t ime,  the action of 
the original  Fab l - f r agmen t  and of its f ract ion obtained in the same  way as the AF fract ion of IgG was com-  
pared.  Since the A- f rac t ion  amounted to not more  than 5% of the total  protein content in the original IgG, 
the dose of each  sample  injected in t ravenously  was l imi ted  to 0.5 rag. The AF- f rac t ion  had a very  slight 
effect  on the body t e m p e r a t u r e  and white cell  count of the exper imen ta l  an imals  compared  with the A - f r a c -  
tion (Fig. 2). The action of the A- f rac t ion  in turn  was substant ia l ly  g r e a t e r  in degree  than that of the o r ig -  
inal IgG. So fa r  as  the Fab~-fragment  is concerned,  i ts  fract ion,  analogous to the AF- f rac t ion  of IgG, p ro -  
duced w e l l - m a r k e d  reac t ions  indist inguishable in the i r  intensity f r o m  those to the original Fab l - f r agment  
and the A-f rac t ion  of IgG. It is thus evident that pathophysiological  reac t ions  to the Fab l - f r agment  in i ts  
monod i spe r sed  f o r m  are  analogous to reac t ions  only to aggrega ted  IgG. The monodispersed  fo rm of IgG 
does not pos se s s  the biological  p rope r t i e s  of its f ragment .  

The appearance  of reac t ions  to aggrega ted  IgG can be at t r ibuted to its marked  an t icomplementa r i ty  
as r e g a r d s  both homologous and heterologous complement*  (Table 1). In the p resence  of Fab l - f r agmen t  
a dec rease  in the concentrat ion of complement  was obse rved  only in the homologous s e r u m ,  for this p r o -  
cess  is based on in teract ion between f ragment  and homologous IgG in the blood s e r u m  [5]. 

*F re sh ' r abb i t  and guinea pig s e r a  were  the source  of complement .  
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If the resu l t s  descr ibed above are  borne in mind, it would be expected that the A-fract ion of he te ro l -  
ogous (bovine) IgG would el ici t  react ions  analogous to those el ici ted by the A-fract ion of homologous IgG 
and its Fabl- f ragment .  This suggestion was fully confirmed.  At the same t ime it was shown that the AF-  
fract ion of bovine IgG and its Fabl - f ragment  e l ic i ted none of the react ions descr ibed  above in the rabbit ,  
nor did they fix complement (Table 1). 

Hence, by contras t  with aggregated IgG, the biological activity of its Fabl- f ragment  was marked by 
species-speci f ic i ty ,  due to its ability to interact  only with IgG of the same specif ic  origin [5, 11, 14, 15]. 
F r o m  the t ime of formation of this complex, its biological activity,  like that of aggregated IgG, was ev i -  
dently de termined by the react ion with endogenous complement.  This hypothesis is supported by the fact 
that aggrega te - f ree  homologous and heterologous IgG did not fix complement  spontaneously and did not 
el ici t  react ions  in vivo. 

Since fragments  of the Fabl- type are  natural  and intermediate  products  of IgG catabol ism [2, 4], it 
can be concluded f rom the resu l t s  descr ibed above that, together  with IgG, they constitute a sys tem in the 
body capable of fixing endogenous complement,  and as a resul t  of this p rocess ,  of evoking var ious patho- 
physiological react ions  [13], including those descr ibed above. Under normal  conditions the functioning of 
this sys tem is l imited by the fact that f ragments  of Fabl-type are  located in the phagocytes [4]. If they 
en te r  the circulat ion continuously in ve ry  small  quantities as the resu l t  of natural  death of the cel ls ,  it is  
evident that the body becomes r e f r ac to ry  to this dose of endogenous fragment ,  as is c lear  f rom the model 
exper iments  descr ibed above. However,  in the case of a sharp increase  in the level of endogenous f rag-  
ment in the circulat ion,  through an increase  in permeabi l i ty  of the phagocytes or  death of a large number  
of ce l ls  (for example ,  in acute inf lammatory conditions), the conditions become ripe for  fixation of endoge- 
nous complement  and the development of the pathophysiological react ions  accompanying this process .  In 
this connection,  our  observat ions on the development of a pyrexial  react ion to the Fabl - f ragment ,  as well 
as the well-mart~ed migrat ion of leukocytes under these conditions, become par t icular ly  interest ing.  The 
resu l t s  descr ibed above can the re fore  be regarded  as the basis for  an investigation of the role  of the prod-  
ucts of the IgG catabol ism in inf lammatory processes .  
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