
vented determination of the decrease in the erythropoietin t i ter  in the intact rats .  However, the depression 
of synthesis of high-polymer RNA observed during hyperoxia in both the "endocrine" and the intact kidney indi- 
cates that a short period of hyperoxia is sufficient to change the chain of biosynthetic reactions at the genome 
level leading to a reduction information of the hormone or of its p recursor  [7], Fractionation of RNA in the 
kidneys, car r ied  out in the wr i te r s '  previous experiments [3], showed that hyperoxia for4 h caused the maximal 
decrease in synthesis of DNA-like RNA [3]. The connection between processes of RNA synthesis in the kidney 
and its endocrine function, confirmed also by the "endocrine kidney" model, is evidence that DNA~dependent 
RNA synthesis is one of the mechanisms included in erythropoietin biogenesis. 
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B I O C H E M I C A L  AND M O R P H O L O G I C A L  C H A N G E S  IN L U N G  

AND L I V E R  T I S S U E S  OF A L B I N O  R A T S  W I T H  E X P E R I M E N T A L  

PARAQUAT POISONING 

V. E. Yakushko, G. A. Rodionov, UDC 615.285.7.099.015.4:[616.36+616. 
L. Nad'maiteni, and L. M. Ovsyannikova 24]-008.9-092.18 

KEY WORDS: herbicide paraquat; superoxide dismutase; free radicals; histomorphology 
of the lungs and liver.  

Metabolic conversions of the herbicide paraquat (l,l-dimethyl-4,4-bipyridyl dichloride) are carried out 
with the participation of a microsomal NADPH-dependent system of oxidases of mixed function [3]. It has 
been suggested [4, 5] that during conversion of paraquat in vivo superoxide radicals responsible for the specific 
toxic action of the compound are formed. 

The object of this investigation was to study the effect of paraquat on the ability to form free radicals in 
the t issues of the lungs and l iver  and on superoxide dismutase (SOD) activity, an enzyme with whose participa- 
tion superoxide radicals are  detoxicated, and to study pathomorphological changes in these organs, developing 
under the experimental conditions used. 

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

Experiments were car r ied  out on male albino rats  weighing 180-200 g. The animals were poisoned by 
peroral  administration of paraquat in three doses, each of 25 mg/kg,  or in repeated doses of 12.7 and 6.35 
mg/kg  daily for 30 days, equivalent to 0.2, 0.1, and 0.05 LD50. The animals were decapitated 1, 5, and 30 days 
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article submitted September 17, 1979. 

0007-4888/80/9008- 1037507.50 �9 1981 Plenum Publishing Corporation 1037 



a b 

2' z, oo 9' s 

l 1 I 
,.~ 2;oo j z, oo 

Fig,  1. EPR spec t ra  of r a t  t i s sues  under  
the influence of paraquat :  a) lungs of con-  
t ro l  rat ;  b) lungs of r a t  a f t e r  th ree  doses  
of the poison (0.2 LDs0, 5th day); c) l i ve r  
of control  rat ;  d) l i ve r  of r a t  a f t e r  ad-  
min i s t r a t ion  of th ree  doses of paraquat  
(0.2 LDs0 , 1st day). 

TABLE 1. Changes in SOD Activi ty in Rat Lung 
and L iver  T i s sue s  af ter  Adminis t ra t ion  of 
Pa raqua t  (M 4- m) 

Experimental 
conditions 

Control 

o m  

~ >  

Administration of 1 
three doses of 5 
paraquat each of 
25 mg/kg 

Repeated admin~s-. 
tration(for 30 days) 
of paraquat in a 
daily dose of: 

1"2.7 mg/kg 30 
6.35 mg/kg 30 

Legend:  #)P < 0.05. 
pa ren theses .  

SOD activity, units of 
activity/g protein 

lungs I liver 

0,72_,--'0,07 (5) [ 1,57• (6) 
/ 

I 

'0.46• (5) I 1,64+_0,12 (5) 
0151• ! 1,95___0,07" (6) 

o,36+0,04* (5) 1,05+_0,08" (6) 
0,71+_0,08 (5) 1,25• (5) 

Number  of an imals  in 

a f t e r  the beginning of the expe r imen t s .  The lung and l i ve r  t i s sues  were  per fused  with 1.15% KC1 and homog-  
enates  were  p r e p a r e d  in which the ra t io  of the weight of t i s sue  to volume of solution was 1 : 3 for  the lung and 
1 : 4 for  the l i ve r .  The isolat ion med ium was 1.15% KC1. The pos tmi tochondr ia l  f rac t ion  was obtained by 
centr i fugat ion of the homogenates  for  20 rain at 15,000g. SOD act ivi ty was de te rmined  spec t ropho tomet r i ca l ly  
at 480 nm by m e a s u r i n g  the r a t e  of  fo rmat ion  of ad renochrome  f rom adrenal2m [8]. The unit of act ivi ty of SOD 
was taken to be the quantity of  enzyme used to inhibit autooxidat~on of adrenal in  by 50%. F r e e  r ad ica l s  were  
de te rmined  by E P R - s p e c t r o s c o p y .  Samples  of lung and l ive r  t i s sues  f rozen to 77~ were  invest igated on the 
"Var i an"  M a r k  E-109  E P R  s p e c t r o m e t e r .  The intensi ty  of the signal with a g i f a c t o r  of 2.00 was studied by 
compar ing  the ampli tude of the signal f rom the exper imenta l  s amples  with those f rom the cont ro ls .  

Pa r a l l e l  with the above, p ieces  of lung and l ive r  were  fixed in 10% neutra l  fo rmal in  for  subsequent  h is to-  
morphologica l  study. Dewaxed sections of the o rgans  were  stained with hematoxyl in  and eosin and also i m -  
pregnated  with s i l ve r  ni t ra te  by G o m o r i ' s  method to detect  a rgyrophi l ic  f ibers .  

EXPERIMENTAL RESULTS 

Inject ion of paraqua t  was shown to lead to an inc rease  in the concentra t ion of f r ee  rad ica l s .  Tr ip le  ad-  
min i s t r a t ion  of paraqua t  caused an inc rease  in the intensi ty of the E P R - s i g n a l  with a g - f a c t o r  of 2.00 in the 
lungs on the 5th day by 2.2 t imes  com pa red  with the control .  In the l iver ,  the signal was inc reased  by 1.2 
t i m e s  a f t e r  only 24 h. Changes of this intensi ty also were  found a f te r  5 days (Fig. 1). 
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Fig. 2. Administration of three doses of 
paraquat (0.5 LDs0, 5th day). Lung. 
Coarsening and disturbance of structure 
of argyrophilic network. Impregnation 
with si lver nitrate by Gomori 's  method, 
90x.  

In the liver and lungs of the control animals, SOD activity was discovered; its level in the liver was 2.1 
times higher than in the lungs, in agreement with data in the literature [i0]. 

Acute paraquat poisoning lowered the SOD activity in the lungs relative to the control by 37% after 1 day 
and by 31% after 5 days; in the liver it was increased by 24% but not until 5 days after injection of the com- 
pound (Table I). 

After repeated injections of paraquat in a dose of 0.i LDs0 SOD activity in the kings was inhibited by 
50% and in the liver by 34%. Exposure to 0.05 LDs0 did not affect SOD activity in the lungs, but in the liver 
it remained depressed by 34%. 

The changes discovered in SOD activity in the lungs and liver after injection of paraquat were to a definite 
degree determined by the physiological functions of their tissues, the level of enzyme activity, and the distribu- 
tion of the compound in the body and its metabolism. Investigations using paraquat-itC [12, 13] have shown 
that it is concentrated maximally in the lungs. 

Administration of three doses of paraquat in a dilution of 0.2 LD50 led to the development of distinct 
histomorphological changes in the organs studied. In the lungs focal hemorrhages were observed, together 
with considerable perivascular and peribronchial edema, with infiltration of the tissue by histiocytes, lymphoid 
and plasma cells, and eosinophils; loci of plasmarrhagia were present. The interalveolar septa were thickened 
and rich in cells, among which eosinophils also were seen. The tissue was poorly aerated, areas of atelectasis 
and vicarious emphysema were visible, and complexes of large pale cells, with oval, weakly basophilic nuclei, 
were conspicuous. The few alveoli which still remained intact were filled with a vacuolar serous or blood- 
stained fibrinous effusion, with desquamation of the cells of the alveolar epithelium. Coarsening and destruc- 
tion of the argyrophilic fibers of the alveolar septa were observed (Fig. 2). In the liver, cells in the lobules 
were haphazardly arranged, and anuclear hepatocytes were found singly and in groups. There was a marked 
increase in the number of binuclear cells of the parenchyma and of cells with polyploid nuclei. 

After administration of paraquat in a dilution of 0.i LDs0 for 30 days more considerable chal]ges were 
observed in the lungs. Besides thickening of the alveolar septa, infiltration of the tissue with histiocytes, 
lymphocytes, and plasma cells, poorly aerated regions were very constantly seen, together with extensive air- 
less zones rich in polymorphic ceils, including large cells of fibroblast type with pale, oval nuclei; numerous 
mitotic figures also were seen (Fig. 3a). Proliferation of the epithelium of the alveolar passages, bronchioles, 
and small and medium-sized bronchi could be seen, with partial filling of their Inmen with newly formed cells. 
The proliferative changes in many parts of the lung were adenomatous in character (Fig. 3b). Collections of 
eosinophils were f~equently observed, mainly perivascular and peribronehial in situation (Fig. 3c). 

The lumen of the residual alveoli was filled with homogeneous protein contents, weakly or strongly eosino- 
philic, partly vacuolated, with a delicate network of fibrin, and with desquamated alveolar epithelial cells and 
erythrocytes. Extensive regions of vicarious emphysema could be seen. 

Polymorphism of the hepatocyte nuclei was observed in the liver, many parenchymal cells with polyploid 
nuclei and binuclear cells were observed, and occasionally trinuclear cells and mitotic figures were visible. 
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Fig. 3. Daily injection of 0.1 LDs0 paraquat  for  30 days: a) lung. Intensive pro-  
l i ferat ion of a lveolar  epithelium and local connective t issue cel ls .  Mitoses;  b) 
lung. Region of adenomatous prol i fera t ion  of bronchiolar  epithelium; c) lung. 
Extens ive  accumulation of eosinophils; d) l iver .  Focal infi l trat ion consist ing of 
his t iocytes ,  and of lymphoid and plasma ceils .  Hematoxyl in-eosin .  Magnification: 
a-c)  200x,  d) 140x.  

The epithelium of  the small  and med ium-s ized  bile ducts showed modera te  prol i fera t ion in some a reas .  Focal 
col lect ions of his t iocytes  and of lymphoid and plasma cei ls  could be seen in the in ter lobular  connective t issue 
(Fig. 3d). 

In the 30-day exper iments  in which the animals  were  given 0.05 LDs0 of paraquat ,  the changes d iscovered  
in the organs were analogous o r  s imi la r .  P ro l i f e ra t ion  of the cel ls  in the lungs of some animals was less  in- 
tensive .  

To judge f rom the morphological  evidence obtained, pro l i fe ra t ive  changes in the lungs a re  of g rea t  im-  
por tance  in paraquat  poisoning. Closely  s imi la r  changes have been descr ibed  in cases  of paraquat  poisoning in 
man [7, 9, 11]. In one investigation [9] a f ibroblast ic response ,  leading to the development of pulmonary insuf-  
f iciency,  was regarded  as the cause of death of a child poisoned with paraquat .  Some workers  claim [6] that 
p ro l i fe ra t ive  changes in the lungs can continue even a f te r  the entry of paraquat  huto the body has ceased.  The 
widespread react ion of the epithelium and f ibros is  and r epa i r  p rocesses  in the lungs (the l a t t e r  were  observed  
also by other  workers  [1, 2]) undoubtedly a re  responsible  for  the sharp  decline in the functional capacity of 
the organ,  which may be incompatible with l ife.  
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In experimental paraquat poisoning a definite parallel is thus observed between the biochemical and 
morphological changes in the tissues. It can be tentatively suggested that depression of SOD activity and the 
increase in the concentration of free radicals found in th is  condition are  among the causes of development of 
proliferative processes manifested as a combination of characterist ic  pathological and morphological changes. 
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In previous investigations we showed that recovery of the mass of the l iver  after  partial resection [3, 4] 
and injury and repai r  of the l iver  structure after administration of a single dose of a hepatotropic poison [2] 
depend on the functional state of the hepatic stroma and, in particular,  of the Kupffer cells. Pre l iminary 
sthnulation of the system of mononuclear phagocytes by the bacterial polysaccharide prodigtosan [1] was found 
to promote the more  rapid regeneration of hepatocytes after partial resection of the liver, and the resistance 
of the hepatocytes to CC14 was increased. Conversely, preitminary loading of the Kupffer celIs with colloidal 
iron carbonyl, with a str ict ly determined granule size, retarded repair  of the l iver  after  partial hepatectomy 
by inhibiting the rate of DNA synthesis in the hepatocytes and their  mitotic division, 

The object of this investigation was to study the course of acute toxic hepatitis in rats after blockade of 
the Kupffer ceils.  

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

Wistar rats  weighing 200-250 g were used. The animals in the experiment received an intravenous in- 
jection of I ml of 10% colloidal iron carbonyl-phosphate, grade R-100F, with a particle size of 0.8-1.5 ~, 
suspended in 5% starch in 0.85% NaC1 solution. The control rats received 1 ml of starch solution. The ani- 
mals of the experimental and control groups were given a subcutaneous injection of 0.2 ml of a 40% solution 
of CC14 in vegetable oil per 100 g body weight 2 h after the intravenous injection. Rats of the experimental and 
control groups were decapitated in batches of 4-6 at a time, 16, 24, 48, and 72 h later .  The l iver was fixed 
in Carnoy's mixture and embedded in paraffin wax. Sections were stained with hematoxylin-eosin and examined 
under the light microscope.  
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