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The anaphylactogenic activity of proteinases for medical use (terrtlytin, hygrolytin, trypsin, 
and chymotrypstn) was studied in active anaphylaxis experiments on guinea pigs. Differences 
in the allergizing potential of the enzymes were established by the use of the anaphylactic in- 
dex and minimal sensitizing dose. Enzymes of microbial origin had stronger sensitizing 
propert ies .  No correlat ion was found between the strength of the anaphylacttc reaction and the 
intensity of the humoral immune response.  
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Enzymes have now secured a f i rm place in the arsenal of chemotherapeutic agents. In the USSR and 
elsewhere medicinal forms of  microbial enzymes are  marketed for use in the treatment of diseases of the 
respi ra tory  and digestive organs and in various other pathological states [7, 13]. Preparat ions intended for 
the t reatment  of thromboembolic diseases,  including urokinase, streptokinase, and brinase [10], are at the 
stage of development and introduction. Besides their  undoubted therapeutic value, experience of the use of 
thrombolytic and other enzymes have brought to light evidence of their  ability to cause sensitization of sensi- 
t ive individuals [9, 10]. Accordingly the development of c r i te r ia  characterizing the allergizlng potential of 
enzymes for medical use is  of the utmost importance. 

The object of this investigation was to study the anaphylactogemtc activity of proteotytic enzymes of 
Soviet manufacture for medical use and to study correlat ion between the resul ts  and those of investigation 
of the humoral immune response.  

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

Proteinases  of microbial origin, namely terr i ly t in  and its basic component, protetnase I, hygrolytin 
(preparations 4G and 200/10) obtained at VNITIAF, and also trypsin and chymotrypsln (manufactured by the 
Leningrad Meat Combine}, were used. 

The anaphylactogentc propert ies  of the enzymes were studied on guinea pigs weighing 300-350 g. The 
animals were sensitized by single intracardtac injections of the preparations in doses of 5 �9 10 -1 to 5 �9 10 -6 mg 
protein/kg body weight. The reacting injection was given 3 weeks later  into the popltteal vein. The enzyme 
for  the reacting injection was used in a concentration which, when injected into intact animals, gave ~Ise to 
no toxic reactions: It was usually 5 to 10 t imes grea ter  than the sensitizing dose. At least  five animals were 
used for each dose of each preparation. The intensity of the auaphylaetic reaction was assessed by a four- 
point scale [3]. Experimental data were analyzed by the method of Weigle et al. [15] and the anaphylacttc index 
(AI) was calculated by the following equation: 

AI- (a  .4} +(b-3) +(c-2) +(d- l )  +(e-0) 
a § +c +d +e 

where a is the number of animals which died (degree of shock 4+), b the number of animals with severe shock 
(3+), c the number of animals with a moderate react ion (2+), d the number of animals with mild shock (1+}, 
and e the number of animals not reacting to the second injection of anitgen. 

To study the humoral immune response to the enzyme the indirect hemagglutination test  was used (IHT). 
Blood was taken by cardiac puncture 1-2 days before injection of the reacting doses of the antigen. Enzyme-- 
formalinized sheep's red  blood cell conjugates were used as test  antigens for the iHT [11, 14]. 
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Fig.  1. Intensi ty  of anaphylactic shock 
in guinea pigs sensi t ized with te r r i ly t in ,  
depending on dose of react ing injection. 
A) 1.6 mg prote in/kg,  B) 1.0 mg p ro -  
te tn /kg,  C) 0.25 mg pro te in /kg  body 
weight. Ordinate,  intensity of shock (in 
points).  

TABLE 1. Anaphylactogenic P r o p e r t i e s  of Enzymes  

Terrilytin 
Proteinase I 

Enzyme 

Hygrolytin 200/10 
H~rol~tin 4G 
Trypsin 
Chymotrypsin 

AI for sensitization with undermentioned doses, mg protein/kg 
5X t 0 -I 

.8 

3,0 
2,3 
2,0 
0,8 

5X 10 -2 

1,0 
0,8 
1,3 
1,4 
0,8 
1,0 

5X10 -3 

1,3 

2,0 
0,6 
1,0 

5x10 -4 

0,3 
0.2 
013 
2,0 
0,5 
0,6 

5• -5 5XI0 -6  

0~)4 0 0'8 

0,4 0 
2~5 1,3 

0,5 
1,0 0 

Legend.  *) In th is  concentra t ion the enzyme caused toxic death of the 
animals .  0) No anaphylactic reac t ion  p resen t .  

EXPERIMENTAL RESULTS 

The strength of an anaphylactic reaction is largely dependent on the mode of injection of the antigen and 
the size of the dose used for the reacting injection [i-3]. To obtain a clear picture a~ anaphylactic shock, the 
dose of antigen given in the reacting injection must be several times greater than the sensitizing dose. Pre- 
liminary experiments showed that intracardiac injection of comparatively small doses of proteolytlc enzymes 
is impossible, for it gives rise to a marked pseudoanaphylactic reaction in intact animals terminating in most 
cases in death. The cause of this phenomenon is evidently proteolysis of proteins of heart muscle and other 
sensitive tissues. Accordingly the method of injecting the enzyme into the popl[teal vein [3] was used, for in 
this way the dose of proteolytic enzymes tolerated by intact guinea pigs could be considerably increased. For 
terrilytln, for instance, this dose could be increased eightfold. The importance of selection of the optimal 
dose for the reacting injection is shown by the results of experiments with animals sensitized with terrilytin 
(Fig. 1). 

Having" de termined  the dosage for  the react ing injections it  was possible  to move on to the next stage 
of  the work,  the aim of which was to de te rmine  the anaphylactogenic p roper t i e s  of all the p ro te inases  used. 
The r e su l t s  of these  exper iments  a re  given in Table  1. 

A s these  r e su l t s  show, the a l le rg iz iag  potential  of the proteolyt ic  enzymes  var ied within wide l imi ts .  In 
mos t  cases ,  however,  the strength of the anaphylactic reac t ion  fo r  the sensit izing dose of p ro te inases  of 
animal  or igin  tes ted  was lower  than for  microb ia l  enzymes .  S imi lar  re la t ionships  also were  observed  during 
a study of the humeral  immune r e sponse  to these  enzymes in exper imental  animals  [4]. 

Dif ferences  in the  anaphylactogenic act ivi ty of the hygrolys in  prepara t ions  200/10 and 4G, obtained f rom 
different  s t ra ins  of Act inomyces  hygroscopicus ,  will be noted. It  is  ve ry  l ikely that prote in  impur i t ies ,  o r  
perhaps  d i f ferences  in the i r  content,  a r e  respons ib le  fo r  the different  levels  of al lergizing potential .  The  
fact  that  prote in  impur i t i es  can in fact  i nc r ea s e  the  sensit izing act ivi ty of the basic enzymes  is  supported by 
data in the l i t e r a tu re  [12], and also by compar i son  of the anaphylactogenic act ivi ty of t e r r i l y t i n  and of i ts  basic 
component - immunological ly  pure  pro te inase  I.  The  r e su l t s  now obtained show ~hat to rexluce t h e i r  a l lergizing 
potential ,  mic rob ia l  proteolyt ie  enzymes  intended for  pa ren te ra l  adminis t ra t ion must  be purif ied to the g rea tes t  
poss ible  degree .  
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TABLE 2. 

Antigen 

Proteinase I 
Hygrolytin 

200/10 
Hygrolytin 4G 
Trypsin 
Chymotrypsin 

Humoral  Immune Response  in Sensi t ized Guinea P igs  

Geometric mean antibody titer (log z) in sera of animals 

intact 

2,8 

2,5 
2,5 
2,0 
1,3 

immunized with enzymes in the following doses, mgprotein/kg 
5 X I O  - 1  5 X l O  - 2  5 x l O  - 3  5 X I O  - 4  5)<10 - 5  5 X I 0 - - 6  

1,6 
2,2 

3,7 

5,6 
4,2 
1,5 
2,0 

3,5 

3,5 
3,5 
2,3 
3,5 

3,5 

4,0 
2,4 
1,5 
3,2 

3,0 

4,7 
4,7 
1,2 
2,6 

3,0 

2,8 
2,7 
1,5 

The  mos t  marked  anaphylactic reac t ions  were  observed  a f t e r  sensi t izat ion with the  maximal  dose of 
5 �9 10 -1 mg pro te in /kg .  With a d e c r e a s e  in the dose taken for  sensit ization,  the s trength of anaphylactic shock 
was weakened and t h e r e  was a corresponding dec r ea se  in the value of AI. Judging f rom the results~ a value 
of AI of between 1.0 and 1.3 mus t  be cons idered  as  the threshold .  C lea r ly  the lower  the  al lergenic  activity 
of an enzyme,  the g r e a t e r  the  minimal  sensit izing dose must  be, and the  lower  will be the values of AI~ AI 
and the  minimal  sensit izing dose a r e  thus impor tant  c r i t e r i a  of the al lergtzing potential of enzymes.  

On the  bas is  of the  exper imenta l  r e su l t s  the var ious  enzymes  can be a r ranged  in the following o r d e r  
of decreas ing  anaphylactogenic activity:  hygrolyt in  4G > t e r r i l y t i n  > hygrolyt in  200/10 > pro te inase  II-I  > 
t ryps in  > chymotryps in .  

Since i t  is  genera l ly  accepted [1, 2, 8] that  anaphylactlc reac t ions  a r e  due to antibodies, the next step 
was  to de te rmine  the  c h a r a c t e r  of the hmnoral  immune r e sponse  to the enzymes  studied. The IHT which, 
according to many author i t ies  [3, 6], i s  a highly sensi t ive  method of detecting var ious  antibodies,  was used 
fo r  th i s  purpose .  

By con t ra s t  with the  prev ious  exper iments ,  it  cannot be concluded f rom the r e su l t s  of determinat ion of 
antibodies in the blood se ra  of  the immunized animals  that  t he re  is any c l ea r  re la t ionship  between the intensi ty 
o f  the  humoral  immune r e sponse  and the scale of the sensit izing dose (Table 2). However,  it cannot fail to be 
noticed that  the  t i t e r s  of  the se ra  of the sensi t ized guinea pigs were  higher  in mos t  ca ses  than those of normal  
s e r a .  These  d i f fe rences  were  observed  both in the  group of animals  responding with shock to the second in-  
ject ion of enzymes  and also in the group of animals  which vir tual ly  did not respond to the reac t ing  injection 
of antigen. However ,  in all c a ses  in animals  with a marked  pic ture  of shock (3+ to 4+) antibodies were  found. 
The  posi t ive r e s u l t s  of the IHT could t he r e fo r e  indicate the potential possibi l i ty of obtaining sys temic  a r~-  
phyla~ds in r e sponse  to inject ion of adequate doses  of  antigen. 

Synthesis  of  the antibodies detectable  by the IHT took place m o r e  act ively in r e sponse  to injection of 
microb ia l  enzymes  than to injection of p ro te inases  f rom animal t i ssues .  In the prepara t ions  hygrolyt in 200/10 
and 4G, which di f fered significantly in the i r  anaphylactogenic p roper t ies ,  the immune response  was about the 
same  ove r  the whole dose range  of enzymes  used for  immunization.  

The  absence  of any d i rec t  co r re l a t ion  between the s trength of the anaphylactic reac t ion  and the intensi ty  
of  the humoral  immune r e sponse  can evidently be explained on the grounds that antibodies causing anaphylactic 
r eac t ions  in guinea pigs and antibodies detectable  by the IHT belong to different  c l a s se s  of immunoglobulins, 
the  product ion of which in vivo, as data in the  l i t e r a tu re  indicate [5, 8], is  compet i t ive  in cha rac t e r .  
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