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Adjuvants, in the formula proposed by Freundas well as in their various modifications, are widely used at pre- 
sent for production of experimental diseases, in the pathogenesis of which the autoimmune processes are of signifi- 
cance.  The nature of the disease produced depends on the nature of the cellular antigen mixed with the adjuvant 

[2, 3, 6, 7, 8, 19]. 

At the same time, introduction of adjuvants and even their individual fractions (without cellular antigens)into 

animals (white rats, hamsters, white mice, etc.) results in formation of hyperplasia of reticulo-endothelial cellu- 

lar elements in many organs and occasionally in development of interstitial nephritis. Of particular note is the pro- 
liferation of plasma cells [9, 17]. Similar changes are also described in the course of experimental vaccination with 

BCG [4]. 

Along with these immuno-morphological  changes administration of the adjuvant under certain experimental 
conditions may lead to peculiar, clinically described pathology. Thus, the action of incomplete adjuvant with for- 
eign protein in animals subjected to increased salt content and unilateral nephrectomy, led to a peculiar syndrome 
(proliferation of endocardial endothelium, intracapillary nephritis, myeloid metaplasia in organs) named endothelio- 

myeloma [1, 15]. 

Intracutaneous or subcutaneous injection of adjuvant containing lipid D fraction of the tubercle bacilIus leads 
regularly (in 88% of cases) to arthritis, as well as iridocyilitis, dermatitis and uretritis. In general, the clinical 
manifestations resembled Reuter's syndrome in humans [11-13, 18]. Development of PPLO infections in emerging 
arthritis in rats as a result of administration of adjuvant, was not considered to be significant. 

The purpose of the present study was to determine the clinical,  hematological ,  and immunological  character-  

istics of the effect of adjuvant under different experimental conditions. 

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

The study was carried out on 104 white rats (65 females and 39 males) 100 to 200 g in weight. A saline oil 
emulsion, consisting of 1.5 ml lanolin, 8.5 ml paraffin oil, 20 mg BCG (live or heat-killed) and 2 ml of physiologi- 
cal  saline or an equal amount of the supernatant fluid, obtained the centrifugation of homogenate of rat kidney 
cortex in 50% (by weight) physiological saline, was used as an adjuvant. Before preparation of the homogenate the 
kidneys were carefully washed with physiological saline through the peritoneal part of the aorta in a live, anaesthe- 

tized animal.  The adjuvant was prepared independently using aseptic technique. These ingredients were carefully 
mixed at 56 ~ for 15-20 min and 0.5 ml amounts were injected into rats at 9 to 10 day intervals; 95 animals were 
injected intraperitoneally and 9 subcutaneously. There were 7 subcutaneous injections; most animals received 4 in- 
traperitoneal injections (a small number of rats received 3-6 injections). In a few cases, the last injection was 
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Fig. 1. Dermati t is ,  with appearance of skin disease, in a 
rat  in jected with an adjuvant .  

adminis tered after a long interval  of  20-30 days; as a 

rule,  increasing the in terval  led to a bad general  con-  

dit ion of the animals .  The length of observation var ied 
from a0 days to 8 months.  In addit ion,  10 rats were 
sacrif ied during the first 13 days, 1-2 days after a single 
in t raper i toneal  in jec t ion  of the adjuvant .  AI1 animals  
were divided into 4 basic groups according to the com-  
position of the adjuvant:  46 rats rece ived  the adjuvant  
with l ive BCG without kidney tissue, 16 rece ived  the 

adjuvant with ki l led BCG but without kidney tissue.a7 
adjuvant with l ive BCG and kidney tissue homogenate  
and 5 with ki l led BCG and kidney tissue homogenate .  
Nine animals were p x t i a l ly  or comple te ly  splenecto-  
mized ,  10 rats rece ived  prednizol  (5 mg per 100 g of 
animal) .  

Laboratory analysis of blood was carried out on 
a l l  animals (hemoglobin  leve l  and different ia l  blood 
counts; in some, total  WBC count, to ta l  RBC count, 

ROE determinat ion  and urine were also determined) .  
Tota l  serum protein was determined by a re f rac tom-  

etr ic  method and paper electrophoresis was used to es-  
tabl ish serum protein fractions; the l eve l  of residual  
blood nitrogen was also de te rmined .  Analysis of bone 

marrow and spleen smears were carried out on sacr i -  
f iced animals.  The serum was tested for antibodies to 

DNA by the passive hemagglu t ina t ion  method of Boiden 
and Stavitskii ,  using the reac t ion  of  specif ic  inhibit ion.  
Sensit izat ion of tannic acid t reated sheep erythrocytes 
by solution containing DNA (0.25 m g / m l )  was carried 

out in a phosphate buffer at pH 6.4 in cold (4~ De-  
natured DNA, isolated by P. I.  Salganik,  using Kirby's  
method (phenol extract ion) from ca l f  thymus and from 
Escherichia colt  in the  Laboratory of Nucleic  Acids of 
the Institute of Cytology, has been used in this react ion,  

Fig. 2. Arthritis in a rat after in jec t ionwi th  
an adjuvant .  

R E S U L T S  

Certain general  conclusions were formulated,  r e -  
gardless of the many different  c l i n i ca l  symptoms by the 
animals .  

I. Accumulat ion  of fluid in the peri toneum was 

observed in al l  ariimals in jec ted  in t raper i toneal ly  with 
an adjuvant (except  in rats rece iv ing  prednizol) ,  i t  was more evident  3-4 days after in jec t ion .  The fluid had the 
appearance of an exudate;  its protein content varied from 3-9%, lymphocytes were the predominat ing cel lu lar  e l e -  
ments.  Distinct ce l lu lar  lupus phenomenon was observed on incubat ion of the exudate with the blood of  hea l thy  rats. 

II. Skin changes were apparent  in 56 rats; they were character ized by moderate  or dist inct  ep i la t ion ,  de rma-  
t i t is ,  at t imes with skin ulcerat ion (Fig.  1). Hemorrhages were observed in some rats. In addi t ion to the skin changes 
in 4 rats subjected to in t raper i toneal  in ject ion of adjuvant without kidney tissue, there developed destruction of joints 
of the appendages,  character ized in 3 animals  by a slight swelling, reddening and destruction of  function. In one 
an imal  only arthritis was character ized by chronic duration, onset of a s ignif icant  deformity (Fig.  2) and by osteopo- 
rosis. This an imal  also showed i r id iocyi l i t i s  with deposits. 

III.  AII animals had proteinuria.  The protein content in the urine, as a rule,  was not excessive,  varying within 
the l imi ts  of 0 .1-0 .9%.  These quantities of protein were observed usually 15-22 days after the first in jec t ion  of  an 
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Titers of Antibodies to DNA in Serum of Rats Injected Intraperitoneally with 
the Ad uvant with 8CG Vaccine 

Rat 
No. 

1 

3 

6 
7 

B/n 
15 
16 
3O 

2 

4 

5 

8 

ii 

12 

113 

14 

Antibody titer 
In reaction In reaction 
with bac- with thymus 
terial DNA DNA 

Injection of the adjuvantwith 
live BCG vaccine 
i : 160 
1:20 

1:20 

1:20 

1:20 

1:20 

1:40 

1:40 

1:40 

i:I0 

I:20 

1:20 

i:i0 

Injection of the adjuvant with 
killed BCG Vaccine 

1:80 

1:40 

1:20 

1:20 

i:i0 

1:10 

i : 160 

1 : 160 

1:80 

1:20 

1:20 

1:40 

i:I0 

1:80 

Number Of 
injections of 
the adjuvant 

5 
5 
4 
4 
4 
5 
5 
4 

Time between the 
last injection of the 
adjuvant and sacri 
rice of animals (in 
days) 

14 

14 

42 

42 

45 

14 

14 

14 

16 

40 

14 

16 

45 

40 

14 

40 

adjuvant. Subsequently, not significant increase in proteinuria was observed in some rats (to 1.2-1.5%). Thelevel 
of proteinuria in rats, injected with the adjuvant containing kidney tissue, did not differ significantly from the level 
of proteinuria in animals injected with adjuvant alone. Only in one rat, subjected to partial splenectomy and in- 
jected intraperitoneally with the adjuvant with kidney homogenate, proteinu~ia gradually increased and reached 
16.5% at the beginning of the fifth month of observation. 

IV. Changes in red blood cells were characterized in 41 rats by development of definite normocbxomic ane- 
mia. The teMency for development of anemia was shown usually after 2-3 intraperitoneal injections of an adjuvant 
and was observed in all groups, particularly in the male rats, receiving intraperitoneal injections of the adjuvant 
with live BCG. In some animals the hemoglobin level prior to their death decreased to 2 g% and even to 1 g%, and 
the RBC count to 960,000 per ml. The phenomenon of RBC agglutination was observed in some animals. Four rats 
in different groups developed erythrocytosis (up to 15,34%000 ceils per ml) with formation of erythroblasts in periph- 
eral blood and proerythroblasts in the spinal fluid. No significant changes in RBC have been observed in 59 rats. 
Significant qualitative and quantitative changes have observed in WBC. After 1-2 injections of an adjuvant there 
was a neutrophilic leucocytosis, followed by leucopenia with degeneration in the neutrophils (hypersegmentationand 
f~agmentation of the nuclei, vacuolization of the protoplasm); the number of monocytes and plasma cells increased. 
The phenomenon of thrombo- and leucoagglutination became apparent. The lupus-cell phenomenon appeared in 
the peripheral blood and the bone marrow. Lupus ceils as well as free lupus bodies were encountered (Fig. 3) . 

Changes in the bone marrow were characterized by a tendency to lymphoidal-plasmocytic, promyelocytic, 
proerytbroblastic reactions, basophilia of cellular elements and activation ofphagocytosis by reticuloendothelial ceils, 
Definite leukemic reaction with the shift to hemocytoblasts was observed in some animals. In megakaryocytic de -  
ved~pment there was a significant decrease in mature megakaryocytes; naked "nuclei" were observed with pycnotic 
changes, as welt as immature megakaryoblasts without fragmenting and degranulated cytoplasm. The cytological 
changes in the spleen were characterized in general by lymphobtastic and plasmocytic proliferation of cellular ele- 
ments, increase in mitotic figures, general hyperplasia o feellular elements, and phagocytosis, specifically phagocytosis 
of erythrocytes. 
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Fig. 3. Theroset te  phenomenon.  Reit-Romanovsky stain.  Object ive  90 x 
ocular l0  •  

The serum protein l eve l  was studied in 62 animals .  A signif icant  decrease in the protein !egel  (to 5.3 g %)was 
noted in rats with anemia .  In the absence of anemia  the serum protein l eve l  remained  normal or had a t endency to  

increase,  reaching 9-9.2 g% in some rats.  In e lec t rophoret ic  study of serum proteins, carried out on a l l  animals ,  
there was an increase in the leve l  of y -g lobu l in  (up to 20-24q0), with a peak in the region of c~l-c ~ globulins (to 

88-89.86~ hypoa lbumenemia .  Changes in the protein fract ion were noted 9-10 days after the first in ject ion of 

the adjuvant (and in some animals  on the 2nd-Srd day).  They became  more pronounced with the progress of the 
disease.  The leve l  of the remaining  nimogen was determined se lec t ive ly  in 26 rats,  in which other ~ l i n i c a l  symp- 
t o m s - a n e m i a  and proteinuria above the normal l e v e l - w o u l d  have been secondary symptoms of  kidney insufficiency. 
The leve l  of the remain ing  nitrogen did not increase above normal  in 20 rats,  and it was somewhat above normal in 
6 rats,  reaching 60-65 mg%.  

VI. Serum of 46 animals  was analysed for antibodies to DNA; of these 33 showed antibodies to DNA with t i -  
ters up to 1 : 160. The use of bac te r i a l  DNA led to more consistent and higher titers of ant ibodies.  No signif icant  
differences in antibody ti ters were observed in animals  in jec ted  with an adjuvant  to which has been added ei ther  
l ive or ki l led gGo (see table) .  Ini t ia l  appearance of antibodies to DNA ( in  titers up to 1: 10) was recorded onIy 5 
days after the first in jec t ion  of an adjuvant .  Antibodies to DNA in titers up to 1 : 80 were regular ly  observed in ani-  
mals  after 200 days or longer following the last in ject ion of an adjuvant .  In comple t e ly  sp lenectomized rats,  an t i -  
bodies to DNA showed titers of 1 : 40. It was not possible to establish a clear  correla t ion between the extent  of c l in i -  
cal  symptoms,  the expression of lupus-cel lu lar  phenomenon, and the presence of ant ibodies to DNA and their ti ters.  

VII. The rats in jec ted  in t raper i toneal ly  with l ive BCG exhibi ted  a more severe illness. Thus, if  in a group of 
animals in the chronic exper iment ,  in jec ted  in t raper i toneal ly  with the adjuvant containing l ive BCG, 18 of the 64 

rats succumbed,  then only 2 out of 21 rats in jec ted  with an adjuvant with k i l led  BCG died.  The pr imary cause of 
death of most animals  was progressive anemia:  3 rats under conditions of progressive starvation,  3 with observable 
erythrocytosis.  When in jec ted with an adjuvant  in the course of prednizol  therapy there was no observable accumu-  
la t ion of fluid in the per i toneal  cavi ty ,  no skin disorders, proteinuria was within normal  physioiogical  values and 

blood dyscrasias, including the lupus-cel lu lar  phenomenon, were absent or were present to a slight degree.  However, 
alt  pa thologica l  symptoms returned after withdrawal of prednizol .  

In this manner,  the adjuvant with BCG vaccine  leads to deve lopment  in rats of dis t inct ive symptom complex ,  
character ized by skin damage ,  proteinuria,  hemato log ica l  changes, s ignif icant  shifts in serum protein and the ap-  
pearance of antibodies to DNA. Some of these m a n i f e s t a t i o n s - l y m p h o - p l a s m o c y t i c  reac t ion  in the bone marrow 
and in the spleen,  erythro and leueoagglut ina t ion ,  thromboagglut inat ion,  the expressed protein, sh i f t s -po in t  to signif-  
icant  changes in immunogenic  processes, in genera l ,  leading to their ac t iva t ion .  The presence of erythrophagocy-  
tosis, noted in part icular  fn the spleen,  can be considered as demonstrat ion of  auto-aggressive processes [5]. Of 
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considerable interest is the appearance of real lupus-cellular phenomenon, established during continuous observation 
in all animals. This confirms the appearance in the blood or other fluids of the body of the lupus-cellular factor 
(},-globulin with 78 sedimentation constant), which is the antibody to the nucleoprotein [10]. Along with this, anti- 
bodies to DNA appeared in a significant number of animals used in chronic experiments; these antibodies are en- 
countered with greatest regularity in systemic human lupus and are looked upon as being the most important anti- 
nuclear factor [1% 14]. 

The obtained results allow us definitely to speak about the appearance of antinuclear antibodies in rats. Their 
formation is probably determined by osmosis of the products of cellular breakdown from the peritoneal cavity, with 
the background of activation of immunogenic processes. In many of its characteristics(dermatitis with ulcerative 
destruction of the skin, arthritis in some animals, lupus-cellular phenomenon, antibodies to DNA) the resuking syn- 
drome closely resembles systemic human lupus. The absence of expressed kidney pathology in most rats receiving 
the protein along with the adjuvant (nearly 5 mg per injection) is probably correlated with the fact that the above 
dose is considerably higher than that which usually leads to expressed pathology [8]. For example, the inhibitory ac-  
tion of homologous brain extract on the development of experimental encephalomyelitis is well known [16]. One 
may assume that subsequent studies of "adjuvant diseases" [11] will lead to clarification of the pathogenesis of auto- 

immune diseases and along with them also of systemic lupus. 
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All abbreviations of p e r i o d i c a l s  in the  a b o v e  b i b l i o g r a p h y  are l e t t e r - b y - l e t t e r  t r a n s l i t e r -  

a t i o n s  of the abbreviations as given in the  or ig ina l  Russian journal. Some or all of th is  peri- 

odical  l i t e ra ture  may well  be  a v a i l a b l e  in Engl i sh  translation. A complete list of the  c o v e r - t o -  

c o v e r  E n g l i s h  t r a n s l a t i o n s  appears  at the  back of this issue. 
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