
ONCOLOGY 

T U M O R  D E V E L O P M E N T  IN T H E  B I V A L V E  

U n i o  p i c t o r u m  I N D U C E D  BY N - N I T R O S O  

C O M P O U N D S  

V. V. K h u d o l e i  a n d  O. A.  S i r e n k o  

M O L L U S K  

UDC 616-006-092.9:594 

Diethyl-  and dimethylnl t rosamines,  dissolved in aquarium water  in doses  of 200-400 ppm, in- 
duced the formation of neoplasms of the digestive gland (basophil-cell  tumors) in the mollusk 
Unio pic torum in 16 of 95 and 6 of 17 animals,  respect ively,  which survived until the time of 
appearance of the f i rs t  tumor  (38-39 days), and also neoplasms of the hematopoietic sys tem 
(lymphatic leukemia) in seven and one mollusks,  respect ively,  mainly in conjunction with tumors  
of the digestive gland. Metylnitronitrosoguanidine caused only inf lammatory changes at the site 
of the injection. The mollusks can be used with advantage as a biological indicator of pollution 
of the hydrosphere  with chemical  carcinogens.  
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A pract ical  problem in comparat ive oncological r e s e a r c h  is the study of the possible use of various bio- 
logical objects in order  to determine the degree of pollution of the environment by carcinogenic agents [4]. 
Bivalve mollusks, animals with a fil tration method of feeding and with an extensive t e r r i t o ry  of distribution, 
are par t icular ly  interest ing f rom this standpoint. The development of neoplasms in mollusks has been shown 
to be quite definitely connected with pollution of the hydrosphere by various carcinogens [ 5, 6]. Nevertheless,  
it was only relat ively recent ly  that malignant and benign tumors  of the foot and mantle were f irst  successful ly 
induced in the gastropod mollusk Ampular ia  aust ra l is  by injection of methylcholanthrene and benzopyrene 
[7, 8]. In recent  yea r s  the attention of invest igators  has been strongly at tracted to the carcinogenic n i t ros -  
amines,  compounds whicheanbe  discharged into r e s e r v o i r s  or synthesized de novo from their chemical p re-  
cu r so r s .  However, no investigations have yet been ca r r i ed  out into the induction of tumors  in mollusks by 
ni troso compounds. 

The object of this investigation was to compare  the sensit ivity of members  of this group of animals to the 
action of ni t rosamines .  

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

Exper iments  were car r ied  out on adult sexually mature individuals of the widespread mollusk Unio pic-  
torum, belonging to the Bivalvia class.  The animals were kept in 10-l i ter  aquaria with continuous aeration at 
18-22~ No active feeding took place during the experiments.  Altogether three ser ies  of experiments  were 
ca r r i ed  out using the maximal tolerated doses of carcinogens as established in acute experiments.  In ser ies  I 
146 mollusks were exposed for 62-64 days to diethylnitrosamine (DENA), which was dissolved in the aquarium 
water in a dose of 200-400 ppm. A constant concentrat ion was maintained by adding DENA daily. In ser ies  II 
dimethylni t rosamine (DMNA) was used in a constant concentration of 200 ppm, dissolved in the water of aqui~ria 
in which 30 mollusks were kept. The period of exposure was 51 days. In ser ies  I I Ic rys ta1 i inemethyln i t ron i t ro -  
soguanidine (MNNG) was injected as a single dose of 100 gg into the region of the foot of 25 mollusks. After 
exposure to the compounds the mollusks were kept in aquaria containing pure water.  The maximal duration of 
observation on all the animals was 6 months. A morphological study was made of the digestive gland, gonads, 
foot, gills, and other organs f rom mollusks which died or were killed after various times. The material  was 
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Fig .  1 Fig .  2 F ig .  3 

Fig.  1. Normal  s t ruc tu re  of d iges t ive  gland of mollusk Unio p ic torum.  Here and in F igs .  
2 and 3, hematoxyl in-eos in ,  440• 

Fig.  2. Basoph i l - ce l l  tumor  of d iges t ive  gland, 35 days of exposure  to DENA. 

Fig.  3. Lymphat ic  leukemia;  61 days of exposure  to DENA. 

fixed in 4~ fo rmal in  solution and, af ter  the usual  h is to logical  t r ea tment ,  sec t ions  were  s ta ined with hematoxy-  
l i n - eos in  and by Van Gieson ' s  method. 

EXPERIMENTAL RESULTS 

The d iges t ive  gland of mol lusks  is  the analog of the ve r t e b r a t e  l iver .  The norma l  s t ruc tu re  of this organ 
is c h a r a c t e r i z e d  by numerous  d iver t i cu la ,  cons i s t ing  of l a rge  d iges t ive  and basophi l ic  ce l l s  (Fig. 1). 

Se r ies  I and II. Changes in s e r i e s  I and II were  of the same type. Many mol lusks  died in the course  of 
4-5.5 months and the r e s t  were  k i l led  af ter  6 months. The d iges t ive  glands of mol lusks  which died in the e a r l y  
s tages  (4-5 weeks) were  brownish in color  and had an uneven sur face .  On mic roscop i c  examinat ion p r o l i f e r a -  
tion of connective t i s sue  r e s e m b l i n g  c i r rho t i c  changes in f ishes  was observed  between the d ive r t i cu l a  [2]. The 
f i r s t  tumors  of the d iges t ive  gland were  found in both s e r i e s  on the 38th-39th day. By this t ime 95 mollusks  
were  s t i l l  al ive in the expe r imen t s  with DENA and 17 in the expe r imen t s  with DMNA. The diges t ive  gland of 
all  these mol lusks  was en la rged  by 1.5-2.5 t imes ,  f i rm in cons is tency,  nodular ,  and b rowni sh - r ed  in color .  In 
most  of the mol lusks  which surv ived  over  38-39 days  a w e l l - m a r k e d  but chaotic p ro l i f e ra t ion  of the basophi l ic  
ce l l s  was observed ,  so that these ce l l s  f i l led the lumen of the d ive r t i cu l a  and d i sp laced  the d iges t ive  ce l l s  
which f o r m e r l y  were p re sen t  there .  Inc reased  po lymorph i sm and atypia  of the ce l l s ,  as well  as the p re sence  
of giant de formed  basophi l ic  ce l l s ,  were  e x t r e m e l y  c h a r a c t e r i s t i c  of these  foci of p ro l i f e ra t ion  (Fig. 2). The 
walls  of the d ive r t i cu la  were  invaded by tumor  ce i l s  and mitot ic  f igures ,  which are  e x t r e m e l y  r a r e  in intact  
mol lusks ,  were  observed .  These  zones of p ro l i f e ra t ion ,  which were  obse rved  in 16 mol lusks  in s e r i e s  I and 
6 in s e r i e s  II, were  c l a s s i f i ed  as basoph i l - ce l l  t umors .  Inc reased  act iv i ty  of the hemocytes ,  which appears  in 
exces s ive  numbers  in the conneceive t i s sue  between the d ive r t i cu la ,  was often obse rved  in such cases .  S imi l a r  
changes have been d e s c r i b e d  in mol lusks  during prolonged s t a rva t ion  [11]. However,  in seven cases  in s e r i e s  
I and one case  in s e r i e s  II (mainly in conjunction with ba soph i l - ce l l  tumors)  rap id  p ro l i f e r a t i on  of hemocytes  
with a typica l  growth was observed,  and was e x t r a o r d i n a r i l y  r e m i n i s c e n t  of lymphat ic  l eukemia  in oys t e r s  [ 9]. 
Blood ce l l s  with l a rge  oval or  i r r e g u l a r l y  shaped nuclei  were  found in the d iges t ive  gland, kidneys,  g i l l s ,  and 
gonads;  they were  d i s t r ibu ted  mainly c lose  to the lacunar  t i ssue .  These changes were r ega rded  as l eukemia  
(Fig. 3). In one animal  in s e r i e s  I focal h y p e r p l a s i a  of the connective t i s sue  of the inner  gil l  membranes  a lso  
was observed.  

Se r i e s  III. After  7-10 days reduct ion  of the foot and u lce ra t ion  of the t i s sue  at the s i te  of inject ion were  
obse rved  in al l  25 mol lusks .  Des t ruc t ion  of muscle  f ibe r s  and the appearance  of hemocytes  around the a r e a s  of 
n e c r o s i s  were  observed .  These  findings indicated a definite in f l ammatory  reac t ion .  Toward the end of the ex-  
pe r iment ,  s l ight  ep i the l iza t ion  of the u l ce r  was observed .  No changes were  found in the other  organs.  
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These  invest igat ions showed for  the f i r s t  t ime the high sens i t iv i ty  of the digest ive  gland of mollusks to 
the carc inogenic  action of n i t rosamines .  Spontaneous t umor s  in mol lusks  a re  widely known [8, 9], but changes 
such as these had not previous ly  been descr ibed .  The t u m o r s  of the digest ive gland obtained in the p resen t  
expe r imen t s  were  ve ry  s i m i l a r  in the i r  morphology and clinical  p ic ture  (atypia, po lymorph ism,  invasive 
growth, the p re sence  of mi toses)  to l ive r  t u m o r s  in m a m m a l s  [1] and lower  v e r t e b r a t e s  [3J induced by n i t r o s -  
amines .  Recent ly the a t tea t fonof  r e s e a r c h  w o r k e r s  has been drawn to teukem~as in mollusks,  whose onset  
has heen connected with pollution of the wa te r  by ca rc inogens  [9].  The analogous changes d i scovered  by the 
p resen t  w r i t e r s  have been obtained for the f i r s t  t ime exper imenta l ly .  

Consider ing the re la t ive ly  intensive carc inogenic  r e sponse  of the bivalve mollusk Unio pic torum,  this 
animal  can advantageously be used together  with f ishes  and amphibians [3, 10] as a biological  indicator  of 
pollution of the hydrosphere  by carc inogenic  n i t rosamines .  Mollusks have s eve ra l  advantages  over  the v e r t e -  
b r a t e s  just mentioned: economy, universa l  distr ibution,  s impl ic i ty  of upkeep, and so on. Consider ing the shor t  
per iod of development  of the neop lasms  and the re la t ive  ease  of reproduct ion  of the resu l t s ,  the possibi l i ty  of 
the use of mol lusks  for  tes t ing chemica l  carc inogens  must  be considered.  Contro ls  based  on the f requency of 
development  of t um or s  in mol lusks  could play an important  role  in the analys is  of the s ta te  of the ex te rna l  en-  
v i ronment  and could a s s i s t  with the prevent ion of t umor s  in an imals  and man. 
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