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Much attention has been paid in recent  years  in the combined treatment  of malignant neoplasms to the 
use of  various agents weakening immunodepression and effectively potentiating the immune responses of the 
body to tumors [1, 2, 4, 12, 14]. An intensive search is also in progress for new natural and synthetic com- 
pounds with high immunostflnulant activity. Accordingly, comparative studies of the action of nonspecific 
stimulators of varied nature on the immune status of the body and the general  effect of t reatment  are of great  
importance. 

In the investigation described below the action of various nonspecific sNznulators on the response of 
immune roset te  formation of lymphocytes and on the reaction of hyposensitivity of delayed type (HDT) in 
normal animals was studied. 

EXPERIMENTAL METHOD 

Male BALB/c mice weighing 18-20 g were used. Living liquid BCG vaccine containing 3 • !08 to 9x 108 
bacterial  ce l l s /ml  (from the N. F. Gamaleya Institute of Epidemiology and Microbiology, Academy of Medical 
Sciences of the USSR) f reeze-dr ied  BC G vaccine (from Stavropo]'  Research Institute of Vaccines and Sera), 
the bacterial lipopolysaccharide prodigiosan (from the Laboratory of New Antibiotics, Department of Micro- 
biology, Central Postgraduate Medical Institute), the yeast cell membrane polysaccharide zymosan (from 
Tallin Pharmaceutical  Chemical Factory),  the polyanion dextran sulfate with a molecular  weight of 500,000 
(from Loba-Chemie, Austria), the imidazole derivative levamisole (from Gedeon Richter, Hungary), and the 
fluorene derivative tiloron (from the Physicochemical Institute, Academy of Sciences of the Ukrainian SSR, 
Odessa) were used as innnunostimulants. All these substances were injected intraperitonealIy in 0.5 ml 
physiological saline in the following doses: living BC G vaccine 107 bacterial cells per mouse, f reeze-dr ied  
BCG vaccine 0.1 nag per  mouse, prodigiosan 2.5 mg/kg,  levamisole 15 mg/kg ,  dextran sulfate and zymosan 
25 mg/kg,  tiloron 50 mg/kg .  

To determine roset te-forming cells (RFC) mice were immunized intraperitoneally with sheep's red blood 
cells (SRBC) in a dose of 5 • 108 cells.  The antigen was injected 2-3 h after the immunostixaulant. The number 
of RFC was determined by the method described previously [10] on the 5th day after injection of the antigen. 
RFC were counted in 103 lymphocytes from thymus and spleen and were differentiated with respect  to functional 
activity: those formed by 4-6 SRBC were classed as T1-RFC , by 7-10 SRBC as T2-RFC , and by more  than 
10 SRBC as B-RFC [3, 10]. 

The HDT test  was set up by the method described in [11]. The intensity of the reaction was expressed 
as the degree of swelling of the paw 24 h after injection of the reacting dose of the test  antigen (SRBC). The 
weight of the thymus was determined and the splenic index calculated as integral indices. 

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

Data showing the effect of seven nonspecific stimulators on the quantitative and qualitative composition 
of RFC of the thymus and spleen of the immunized mice are given in Table 1. It will be clear from Table 1 
that the mean number of RFC in the thymus of the control group of mice was 50 • 4.5/103 cells; they consisted 
mainly of T1-RFC , with weak antigen-binding power [3, 10]. 
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TABLE 1 .  Effect  of Nonspecific St imulators  on 
Thymus 0VI �9 m) 

Level of Immune RFC in Mouse Spleen and 

Number Of RFC (per 10 s ceils) 

Preparation in spleen 
B total Tx T= B total 

BC G (living) 
P 

BCG (freeze-dried) 
P 

Zymosan 
P 

Prodigiosan 
P 

Dexrran sulfate 

P 
Tiloron 

P 
Levamisole 

P 

PhysioloKical saline 
(control) 

Legend. 

in thymus 

TI T~ 

995=6,5 17,15=1,6 
<O,Ol <O,Ol 

655=4,2 35=0,1 
<0,01 >0,05 
785=5,7 95=1,3 
<0,01 <O,Ol 

101.4-1,8 35=0,7 
<0,01 >0,05 
925=6,7 I -- 

<O,Ol 
625=6,1 25=0,3 
>0,05 I >0,05 

1025=5,3 185=1,2 
<o,oi <O,Ol 

i 

485=3,6 25=0,2 

-- 1165:7,0 
<o,oi 

- -  685=4,8 
<0,05 

--. 87--!-5,9 
<0,01 

1045=I ,7 
<0,01 

Single 925=6,7 
ceils 

<0,01 
-- 645=6,3 

>0,05 
- -  1205=6,6 

<O,Ol 

-- 505=4,5 

Value of P calculated re la t ive  to control .  

173J=5,1 
<0,01 

735=4,9 
>0,05 
985=6,7 
<0,01 , 
865=2,5 
>0,05 
755=6,1 

>0,05 
875=6,6 
>0,05 

1365=7,5 
<O,Ol 

79+__5,0 

285=I ,6 
<0,01 

5-4-1,2 
>0,05 
165=1,7 
<0,01 
75=0,5 

>0,05 
6,05=0,4 

>0,05 
95=1,1 

>0,05 
275=2,0 
<0,01 

75=0,4 

25=0,4 
>0,05 

215=2,3 
<o,ol 
35=0,4 

>0,05 
485=2,8 
<0,Ol 
354-2,1 

<O,Ot 
49--t-3,0 
~0,01 
65=1,7 

>0,05 

35=0,2 

2035=6,5 
<O,Ol 

995=7,0 
>0,05 

1175=11,8 
<0,05 

1415=5,4 
<O,Ol 

1165=8,4 

<0,05 
1455=10,1 
<0,01 

1695=10,5 
<O,Ol 

89:5::6,3 

Under the influence of all the s t imula tors  except t i loron a s tat is t ical ly significant increase  was observed  
in the number  of T-RFC in the thymus;  the grea tes t  increase  in the number  of these cel ls  was observed after  
injection of living BCG vaccine and levarnisole.  These prepara t ions ,  and  also zymosan, led to some increase  
in the absolute and re la t ive  numbers  of R F C  formed by the m o r e  ma tu re  T2-subpopulation of lymphocytes .  
Under the influence of  dextran sulfate no T2-RFC were found, and the sol i tary  rose t t es  were  differentiated 
as B-RFC.  

In mice  of the control group (Table 1) the mean  number  of RFC in the spleen was 89 • 6.3/103 cells.  
When expressed  as a percentage  the number  of TI-RFC was g rea te r ,  but rose t t es  with a high density of anti-  
genic r ecep to r s  (T 2- and B-RFC) also were  observed.  

All  the s t imula tors  studied except f r e eze -d r i ed  BCG vaccine caused a s tat is t ical ly significant increase  
in the RFC level in the spleen. The highest  total number  of RFC was found af ter  adminis t rat ion o f  living BC G 
vaccine and levamisole ;  m o r e  than 95% of the RFC were  differentiated as T i -  and T2-RFC. After  injection of 
zymosan the total number  of RFC in the spleen increased  by a l e s s e r  degree than after  injection of living 
BCG vaccine and levamisole ,  but in this case  also m o s t  of the rose t tes  fo rmed belonged to the T i -  and T2-RFC 
ca tegor ies .  

By cont ras t ,  a f ter  adminis t ra t ion  of prodigiosan,  t i loron,  and dextran sulfate over  30% of the rose t tes  
fo rmed were of the B-RFC type, whereas  the number  of T-RFC was a lmost  unchanged compared  with the 
control .  F r e e z e - d r i e d  BC G vaccine,  which has a lower  content of living mycobac te r i a  than the BCG culture,  
led to a s ta t is t ical ly  significant inc rease  only in the B-RFC level  in the spleen. 

The resu l t s  a r e  in agreement  v~ith data in the l i t e ra tu re  [8, 9, 13] showing the st imulating effect of 
cer ta in  bacter ia l  polysacchar ides ,  dextrans,  and tf loron on the humoral  immune response .  This does not con-  
t rad ic t  the fact  establ ished by the  wr i te r  previously that these  same substances affect the TI-RFC level.  More -  
over ,  consider ing the helper  function of T l - ce l l s  [6], it can be tentatively suggested that these s t imulators  
have a posit ive action on cooperat ion between T and B lymphocytes ,  which precedes  ixnmunogenesis. At  l eas t  
fo r  synthetic polye lec t ro ly tes ,  such as dez@ran sulfate, this mechanism is now f i rmly  establ ished [5]. It  is 
evidently of  defimite impor tance  also in irnmunotherapy of tumors ,  for  it has been shown that inhibition of the 
immune response  to thymus-dependent  antigen in mice  with tumors  is assoc ia ted  with disturbance of  coopera -  
t ive interact ion between T and B cel ls  [7]. 

As r ega rds  living BCG vaccine,  levamisole ,  and zymosan,  as the resu l t s  show, these substances r e g u -  
l a r ly  inc reased  the number  of T -RFC,  i.e., the subpopulation to which the principal  effector  cel ls  of  lympho- 
cy te -media ted  immunity belong [6]. In all probability,  the s t imula tors  mentioned above facili tate accumulation 
of a clone of sensi t ized lymphocytes ,  responsible  for  immune responses  of cel lular  type. 
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TABLE 2. Ef fec t  of Nonspecffic St imulators  
on HDT Reaction in Sensi t ized Mice 

Preparation 

t3CG (living) 
BCG (freeze-dried) 
Zymosan 
Pfodigiosan 
Dextran sulfate 
Tiloron 
Levamisole 
Ph'ysiolo~ical saline 

(control) 

R e s p o n s e  o f  r~ton~ 
inflamma- ' * ' ~ ; 2 '  

[tory swellingl o l 
~ofpaw(M ~ reaction, 
]m), mm mm 

1 
0,584-0,038 0,24 
0,42:t=0,047 0,08 
0,57=k:0,045 0,23 
0,38=k0,025 0,04 
0,424-0,061 0,08 
0,45-t-0,060 0,1 l 
0.544-0,043 0,20 

0,344-0,034 -- 

~0,01 
>o,o5 
<o21 
)0,05 
~o,o5 
~0,05 
,~O,Ol 

This hypothesis  is supported by the resu l t s  of an investigation o f  the effect  of  nonspecffic s t imula tors  
on the HDT reac t ion  in sens i t ized  mice  (Table 2). A s Table  2 shows, living BC G vaccine,  levamisole ,  and 
zymosan significantly inc reased  the intensi ty of the HDT react ion,  a s s e s sed  by measur ing  the inf lammatory  
swelling of the paw, whereas  the potentiation of the response  by the other  prepara t ions  was not s ta t is t ical ly  
significant.  The resu l t s  of these  exper iments  a re  indi rec t  evidence of activation of k i l le r  lymphocytes  by 
living BCG vaccine,  levamisole ,  and zymosan, for  the e f fec tor  component of all HDT reac t ions  is l inked with 
accumulat ion and enchancement  of the functional activity of p r ec i s e ly  these  lymphocytes  [6, 11]. 

An inc rease  in the splenic index was found under  the influence of all the immunostirnulants,  but the in- 
c r e a s e  was g rea t e s t  a f te r  prodigiosan,  dextran sulfate, and t i loron (from 1.43 to 1.93; P < 0.01), i .e. ,  those 
agents which affect  mainly humoral  immunity.  Charac te r i s t i ca l ly  these  substances did not significantly 
change the weight of  the t h3~us ,  whereas  under  the iniluence of  l evamiso le  (45.4 �9 2.11 nag; P < 0.01) and living 
BCG vaccine (37.0 • 1.51 rng; P < 0.01) it was inc reased  significantly (from 21.6 �9 0.81 nag in the control) .  

The resu l t s  as a whole, indicating the pre fe ren t ia l  action of  living BC G vaccine,  levamisole ,  and zymosan 
on T -c e l l  immunity,  and of prodigiosan,  dextran sulfate,  and t i loron on the htanoral  immune response ,  provide 
a basis  for  the m o r e  different ial  use  of nonspecific s t imula tors  during imrnunotherapy of tumors  and of  immuno-  
deficient  s ta tes  of o ther  et iology.  
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