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Propazinc ,  a fol ic acid antagonist ,  induces macrocy t i c  hypochromic  anemia  in rabbi ts ,  with 
par t ic ipa t ion  of an autoimmune component  in i ts  mechanism,  and it d i s turbs  nuclei acid and 
prote in  (globin) metabol i sm.  This toxic action of propaz ine  is abolished if exogenous thy-  
midine is  admin i s t e red  s imultaneously.  

Compounds belonging to the s y m m e t r i c a l  t r iaz ine  group a re  widely used in the t r ea tmen t  of mal ignancy 
[1], as  immunodepre s san t s  during organ and t issue t ransplantat ion [4], and also as  in te rmedia te  products  
in the chemical  industry [7] and in agr icu l ture  as pes t ic ides  [2]. 

Der iva t ives  of the s y m m e t r i c a l  t r i az ines  can act as folic acid antagonis ts  [19]. The abili ty of such 
antagonis ts  to induce " thymine s tarvat ion"  has  been descr ibed  [12]. A typical  f ea tu re  of folic acid def ic ien-  
cy in the body is  a d is turbance  of nucleic acid me tabo l i sm [18]. Folic acid antagonis ts  a re  c lassed  as exog-  
enous et iological  f ac to r s  in the development  of hypoplast ic  and ap las t ic  anemias  [3]. Toxicoa l le rg ic  ( im- 
munoaggress ive)  blood d i s ea se s  a re  included by the authors  under the same heading. Fol ic  acid av i tamino-  
s is  is  accompanied  by g loss i t i s ,  s tomat i t i s ,  u lcera t ive  gas t r i t i s ,  and enterocol i t i s  [14]. 

The object  of the p r e s en t  invest igat ion was  to study the action of p ropaz ine  [2-ch loro-4 ,  6 - b i s - ( i s o -  
p ropy lamino ) symm- t r i az ine ]  in expe r imen t s  on rabbi ts .  

EXPERIMENTAL METHOD 

Experiments were carried out on 29 chinchilla rabbits of both sexes, not less than 2 kg in weight. 
Daily for a period not exceeding 4 months 15 animals received chemically pure propazine (CgHI6NsCI, 
mol.wt. 229.7 i, readily soluble in vegetable oil and gastric juice, sparingly soluble in water) by mouth as 
a 25% solution in starch in a dose of 500 mg/kg (0.i LDs0). Four rabbits received the same poison, in the 
same dose, together with thymidine (50 mg daily), and another four rabbits received only the same dose of 
thymidine. The results were compared with the corresponding values obtained with intact animals. 

The following methods were used: i) blood analysis in the ordinary way; 2) analysis of the myelo- 
gram (erythroid and myeloid series; Pappenheim's panoptic method of staining bone marrow films); deter- 
mination of the alkali-resistant (fetal) hemoglobin in thrombin-free hemolysates of washed red blood cells 
and bone marrow cells in the writers' modification for use with the hemoglobin of rabbit red cells [i0] ; 4) 
analysis of the hemoglobin fractions in the same substrates by high-voltage analytical electrophoresis for 
30 min in agar gel (veronal-medinal buffer, pH 8.6), followed by quantitative estimation of the fractions 
by densitometry with the ERY-10 apparatus [9]; 5) determination of the soluble proteins [6] and 6) nucleic 
acids [13] of the bone marrow; 7) detection of antierythrocytic autoantibodies (agglutinins and conglutinins) 
[16], and hemolysins [Ii]. 
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Fig. 1. E l ec t ropho re s i s  of hemolysa t e s  of red  cel ls  (1) and bone 
m a r r o w  cel ls  (2) of r abb i t s  with anemia  induced by propaz ine  (buf- 
fe r ,  pH 8.6). 

Fig. 2. Red cel ls ,  hemoglobin and i ts  components  f r o m  the pe r iph -  
e r a l  blood, and soluble p ro te ins ,  RIgA and DNA, f r o m  bone m a r -  
row of control  rabbi t s  and rabb i t s  rece iv ing  propaz ine  (1), p r o p a -  
zine plus thymidine (2), and thymidine alone (3), and of control  ani-  
ma l s  (4). P a r t  of column shaded b lack  r e p r e s e n t s  HbF. 

At the end of the expe r imen t s  the rabb i t s  were  kil led by a i r  embo l i sm and autopsied. P i eces  of the 
o rgans  were  fixed in 12% neut ra l  formal in ,  and p ieces  of the l ive r  in addition in G e n d r e ' s  mixture.  De-  
waxed sect ions  w e r e  stained with hematoxyl in  and eosin,  sect ions  of the bone m a r r o w  (after  decalcif icat ion 
of p i eces  of the s ternum) and lymph glands with azu re - I I - eos in .  L ive r  glycogen was  detected with ca rmine  
by B e s t ' s  method and nuclei acids in the b ra in  cel ls  with gallocyanin by E i n a r s o n ' s  method. Lipids we re  
detected in f rozen  sec t ions  with Sudan III. I ron in the p igmented deposi ts  of the spleen was  demons t ra ted  
h is tochemica l ly  by P e r l e s '  react ion.  The numer i ca l  r e su l t s  w e r e  subjected to s ta t i s t ica l  ana lys i s  by the 
F isher -S tudent  method. 

EXPERIMENTAL RESULTS 

Administration of propazine was found to induce hypochromic anemia with the appearance of degenera- 
tive forms of red cells, maerocytes, and high reticuloeytosis, accompanied by a raised ESR and leukopenia 
on account of an absolute lymphocytopenia and granulocytopenia, with a relative increase in the number of 
eosinophils and stab cells. Analysis of the myelograms revealed an increase in the number of proerythro- 
blasts, which were giant-sized. Against a background of inhibition of myelopoiesis (a decrease in the num- 
ber of intermediate forms of myeloid cells and delay in the release of mature granulocytes) giant forms of 
myelocytes and metamyelocytes were observed. Development of the pathological state was accompanied by 
increased formation of the fetal type of hemoglobin (HbF). Meanwhile, the level of the principal hemoglobin 
fraction of rabbits, designated HbIII (A), was reduced, while the content of one of the minor fractions (HbII) 
was increased. The HbII/HbIII (A) ratio was changed correspondingly. The levels of HbF and of the other 
fractions in hemolysates of peripheral red blood cells and bone marrow cells were similar (Fig. I). In the 
blood serum of ten of the 15 rabbits antierythrocytie antibodies appeared, mainly incomplete heat conglu- 
tinins. Antibodies we re  detected at dif ferent  t imes ,  but not l e s s  than 30 days a f t e r  the or iginal  injection of 
the poison, depending on the degree  of development  of the anemia ,  and they continued to be found until the 
end of the exper iments .  Bes ides  the d i s tu rbances  mentioned above, there was  a sharp  dec rea se  in the 
level  of soluble pro te ins ,  DNA, and RNA in the bone m a r r o w  of the anemic  rabbi t s  (Fig. 2). 
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Fig. 3. Effect  of propazine  on the bone mar row:  a) s t e rna l  m a r -  
row: edema,  dec rease  in total number  of hematopoie t ic  cells;  b) 
s te rna l  mar row:  sharp  dec r ea se  in number  of hematopoie t ic  cel ls  
with d i sappearance  of the parenchyma.  Azu re - I I - eos in ,  200 • 

Autopsy revea led  anemia  of the internal  organs ,  slight o r  modera te  a trophy of the lymph glands and, 
as a rule, en la rgement  of the l iver ,  f labbiness  of the vent r ic le  wall,  and swelling of the la rge  intestine. The 
pr inc ipa l  mic roscop ic  changes were  mic ronec rose s ,  hydropic or  fatty degenera t ion  of the l iver ,  glycogen 
deprivation of the liver, edema of the bone marrow, and a decrease in the number of all hematopoietic cells 
as the condition progressed, leading ultimately to disappearance of the myeloid tissue (Fig. 3a, and b), ex- 
tensive focal deposits of hemosiderin in the spleen, edema of the stroma of the lymph glands and mucous 
membrane of the stomach with areas of necrosis, edema of the mucosa and submucosa of the small and 
large intestines, and infiltration of the tissues with plasma cells. Histopathological changes consisted of 
inflammatory changes in the lungs typical of purulent panbronchitis, lobular serofibrinous or purulentpneu- 
monia with abscess-formation, and profuse, mainly perivascular infiltration of the tissue with polymorphs, 
including eosinophils. Occasional ganglion cells in the nuclei of the cerebellum were deficient in RNA and 
there were small focal hemorrhages in the white matter of the cerebral hemispheres, myocardium, and 
kidneys. 

In the animals receiving propazine together with thymidine, none of these abnormalities were ob- 
served. Administration of thymidine alone led to an increased content of hemoglobin in the circulating 
blood and an increase in the levelof soluble proteins and nucleic acids in the bone marrow (Fig. 2). These 
findings do not contradict the view that exogenous thymidine participates in DNA synthesis [17], for its endog- 
enous reserves in the cells are small [12]. 

In the doses used, propazine thus induces the development of various pathological changes in different 
organs and systems of the rabbit, including hypochromic macroeytic anemia (including a hemolytic compo- 
nent, as shown by the abundant deposits of hemosiderin in the spleen), with a picture resembling that of 
folic acid deficiency. This last aspect is confirmed by the fact that propazine acts like a folic acid antago- 
nist, preventing a conversion of folic acid into its active form, as direct experiments have shown [5]. 

Propazine poisoning is accompanied by disturbance of globin synthesis with the production of em- 
bryonic forms (HbF) and of HbII, and it also leads to a disturbance of metabolism of amino acids (glycine 
and serine) playing an important role in globin biosynthesis [8] and to a decrease in the content of soluble 
proteins and nucleic acids in the bone marrow of the anemic animals. These facts do not contradict the 
view that hemoglobin synthesis begins at the stage of the polychromatophilic erythroblast and ends at the 
retieulocyte stage. 

A search of the literature revealed only one paper [15] in which changes in hemoglobin synthesis in 
sexually mature Pekin ducks were found under the influence of a folio acid antagonist (methotrexate). This 
fact was regarded by the authors as the result of the action of the compound on the gene responsible for 
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globin synthesis .  F r o m  the r e su l t s  of the p r e sen t  expe r imen t s  the w r i t e r s  conclude that this explanation 
devia tes  f r o m  the fundamental  pathdlogical  p r o c e s s  cha rac te r i z ing  the effect  of the toxic subs tances  on the 
body. Blood changes following propaz ine  admin is t ra t ion  involve an autoimmune component (red cell  - 
an t ie ry throcyt ic  antibodies),  and poisoning with this compound leds  to the fo rmat ion  of a l le rg ic  and auto-  
a l le rg ic  s t ruc tura l  changes in the f o r m  of inf i l t rat ion of the lungs with eosinophils  in the p r e s e n c e  of inf lam-  
mation. 

The toxic action of p ropaz ine  is  abol ished by s imul taneous  admin is t ra t ion  of exogenous thymidine. 
This  observa t ion  could provide the ba s i s  for  ra t ional  methods of prevent ion  and t rea tment  of the ef fec ts  of 
poisoning by this compound belonging to the s y m m e t r i c a l  t r i az ine  group. 
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