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Vitamin A (retinol) and its synthetic prepara t ions  are  widely used in medical and agricul tural  pract ice .  
Retinol is essential  for the metabolism, growth, and development of the growing organism, it supports the ac- 
tivity of the organ of vision, the normal  state of function of the epithelial t issues,  and the formation of the bony 
skeleton, and it also increases  the res is tance  of the organism to d iseases  [1, 2, 8]. 

Retinol plays a par t icu lar ly  important  role in reproduct ive function. The gonads require  several  t imes 
more  vitamin A than other organs  [6, 7, 9, 10, 12]. At the same time, prolonged administrat ion of retinol can 
cause poisoning in the form of hypervi taminosis  A [3-5]. The creat ion of new and less  toxic vitamin A prep-  
arat[ons and the study of the effects on the body are thus urgent tasks. 

Prepara t ions  of this kind include water-soluble  retinoic acid. The wr i t e r s  showed previously that ad- 
ministrat ion of retinoic acid causes  changes in prol iferat ive activity of the spermatogonia of the convoluted 
seminiferous tubules of the tes t is  in animals and changes in the histophysiological state of the interst i t ial  cells. 

The aim of this investigation was to study the effect of water-soluble  retinoic acid on the testes  during 
the development of pathological changes in them as a resul t  of exposure to unfavorable conditions due to ex- 
per imental  c ryptorchid ism.  

EXPERIMENTAL METHOD 

Experiments  were car r ied  out on male CBA mice aged 3-4 months (n = 21). The animals were divided 
into three groups, with 7 in each group. Unilateral c ryptorchid ism was produced in all the animals by t r ans -  
position of the test is  into the peritoneal cavity, where it was sutured to the peri toneum [11]. Animals of group 
1 served as controls  and were given injections of physiological saline (the solvent for  retinoic acid) in a total 
dose of 0.3 ml. The experimental  animals received a 1% solution of water-soluble  retinoic acid: in group 2 
in a total dose of 0.1 ml, in group 3 in a dose of 0.3/ml. The preparat ion was injected intraperitoneally.  On 
the 8th day after the operation the testes  were removed f rom the animals, weighed, and fixed in Bouln 's  fluid 
and 10% buffered formalin,  and then embedded in paraffin wax. Sections 6 p thick were stained with hema-  
toxylin and eosin. The number of spermatocytes  and spermatogonia and the number of them in a state of 
division, were counted in the seminiferous tubules in the sections, and the number of interst i t ial  cel ls  was 
counted between the tubules. The resul t s  were subjected to statist ical  analysis.  

EXPERIIV[~ ENTAL RESULTS 

After transplantation of the tes tes  into the peritoneal cavity their  weight decreased  in the course of the 
experiment  (by 6.8%). The microscopic  picture of the s t ructure  of the convoluted seminiferous tubules changed 
considerably:  Their  wall became thin and their  lumen wide. Atrophy of the spermatogenic epithelium took 
place in the tubules on account of degeneration of its cells.  Mature sex cel ls  disappeared completely f rom the 
tubules, indicating loss  of the spermatogenic function of the test is .  In most  tubules there were no spermatids .  
Nevertheless,  large round s t ruc tures  ("sperm bails"), with many, often pycnotic, nuclei or  f ragments  of them, 
and with intensely stained cytoplasm, could be seen constantly in the tubules. They could be seen to be formed 
by fusion of spermat ids  in the spermatogenic  epithelium followed by desquamation into the lumen of the tubules 
(Fig. 1). 

Spermatocytes  were not found in all tubules. Their  total number in the tes t is  was 279 lower than in in- 
tact  animals. Degenerating spermatocytes  were observed,  with homogeneous, overstained cytoplasm. Having 
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Fig. 1. Degeneration of spermatogenic epithel- 
ial cells  of seminiferous tubules. Format ion of 
sperm balls. Here and in Fig. 2: hematoxylin 
and eosin, magpification 6.3 • 25. 

lost the[r  connection with the supporting cells  they fell into the lumen of the tubules, where their  nuclear  ap- 
para tus  disappeared through lysis.  Round spaces were left in the epithelium in place of the dying spermato-  
cytes.  

Spermatogonia of types A and B still remained in all tubules, and many of them were in a state of mito-  
tic division. However, the number of dividing spermatogonia in this case was 14% less  than in intact testes.  
The presence  of spermatogonia in the tubules, of which type A is represented by stem cells  in the sperma-  
togenic epithelium, indicates the possibil i ty that spermatogenes is  may recover  in the test is  under suitable 
conditions. Supporting cel ls  (sustentacular  cells) also were p rese rved  in the tubules. They lost  some of their  
cytoplasm, which was shed into the lumen of the tubules with degenerating spermatids,  to form a membrane  
around the sperm balls thus formed. Meanwhile, the residual  par ts  of the spermatogenic epithelium, including 
spermatogonia and spermatocytes ,  remained covered by cytoplasm of the sustentacular  cells,  a mat te r  of 
great  importance because of their  b a r r i e r  function. 

Interst i t ial  cel ls  (glandulocytes) were present  between the convoluted seminiferous tubules in small 
groups. Their number and s t ructure  were normal.  It can accordingly be considered that the tes tes  were con- 
tinuing to pe r fo rm their  endocrine function. After injection of a 1~ solution of water-soluble  retinoic acid 
into the animals in a dose of 0.1 ml, changes s imilar  to those in the control  were observed in tes tes  t r ans -  
planted into the peritoneal cavity. Spermatogenes[s  ceased in the convuluted seminiferous tubules due to 
atrophy of the spermatogenic epithelium: Spermatozoa and spermat ids  disappeared from it, and the number  of 
spermatocy tes  was somewhat reduced. The spermatogonia were p rese rved  and in many tubules were in a 
stage of division. Interst i t ial  cells, with the usual s t ructure,  were seen between the tubules. It was also found 
that the weight of the tes t is  and the number Of dividing spermatogonia [n its tubules were 4 and 7% grea te r  re -  
spectively in animals receiving retinoic acid than in the controls.  

In animals receiving water-soluble  retinoic acid in a dose of 0.3 ml the signs of hypervi taminosis  were 
observed:  wasting, loss of appetite, falling out of the hair,  inertia: The weight of the transplanted tes tes  were 
reduced, more  so than in the control (by 8%). The spermatogenic epithelium in the convoluted tubules under-  
went total or  par t ia l  destruct ion (Fig. 2). Only flattened sustentacular  cells  were left in some tubules. In other  
tubules spermatogonia were still being produced and a much reduced number of spermatocytes  was found: by 
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Fig. 2. Atrophy of spermatogenie epithelium of 
sem i n ife rou s tubule s. 

24% compared with the control, by 51% compared with intact animals. Only in a few tubules could dividing 
spermatogonia be observed.  ~Multinuclear sperm balls were found relatively ra re ly  in the lumen of the tubules 
and single degenerating spermatocytes  were seen more  frequently. Degenerating spermatogenic cells  were 
shed from the wall of the tubule together  with par t  of the cytoplasm of the sustentacular  cells  surrounding them. 
The sustentacular  cells  were p rese rved  but lost a l a rge  par t  of their cy top lasm.  As a resul t  of this, in places 
where only a few spermatogonia remained f rom the spermatogenic epithelium, the sustentacular  cells appeared 
flattened in shape, but despite this, they covered the surface of the spermatogonia.  F la t ter  sustentacular  cells  
lined areas  of the tubules in which all the sex cells  were destroyed. Congested blood vesse ls  and glandulo- 
cytes  with no visible pathological changes were observed in the interst i t ial  tissue. 

Under the ext remal  conditions associa ted with the production of experimental  eryptorehidism,  degenera-  
tion of the cel ls  of the spermatogenic epithelium thus takes place in the testes.  In the course  of the experi-  
ment (8 days5 mainly the mos t  highly differentiated maturing sex cei ls  (spermatozoa and spermatlds)  of the 
seminiferous tubules underwent degeneration. As a resul t  the tes tes  lost their  spermatogenic function. ~ e a n -  
while the supporting (sustentacular) cells,  which play an important b a r r i e r  role in the seminiferous tubules, 
and also the interst i t ial  cel ls  (glandulocytes), responsible for the endocrine function of the testes,  were pre-  
served. Injection of a 1% solution of water-soluble  retinoic acid in a dose of 0.1 ml into the animals in these 
cases  did not increase  the res is tance  of the spermatogenic epithelium to the unfavorable conditions, but main- 
tained its possible capacity for  regenerat ion.  After injection of the acid in a dose of 0.3 ml a state of hyper-  
vitam[nosis A developed, lowering the res i s tance  of the spermatogenic epithelium to the action of unfavorable 
fac tors  and depress ing its regenerat ive  potential. Meanwhile the b a r r i e r  role of the sustentacular  cel ls  of the 
seminiferous tubules and the endocrine function of the intersti t ial  cel ls  of the testes  were preserved.  
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E L E C T R O N - M I C R O S C O P I C  D E M O N S T R A T I O N  OF C A L C I U M  I O N S  

AT DIFFERENT STAGES OF SUEFACTANT FORIVrATION 

IN N O R M O T H E R M I A  AND HYPOTHEI~MIA 
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Calcium par t ic ipa tes  in the integrative react ions  of the body [2, 7, 11, 13, 14], including in phospholipid, 
protein, and carbohydrate  metabol ism [1, 5]. Calcium ions in lung t issues regulate the interstit ial  fluid p res -  
sure [9, 12]. The d i scovery  of large numbers  of calcium ions in washings from the bronchi and also in the 
amniotic fluid in the final s tages of formation of the fetus [8, 15] probably indicates their active participation 
in surfactant  formation.  

The aim of this investigation was to study the localization and intensity of accumulation o f  calcium ions 
at the sites of formation of osmiophilic lamel la r  bodies (OLB) and their re lease from type II alveolocytes,  
under both normothermic  and hypothermic conditions, because surfactant formation in the alveoioeytes is in- 
tensified at low tempera tu res  [3, 4]. 

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

The lungs of 20 chinchilla rabbits  were investigated. Ten rabbits  constituted the control group. The re-  
maining animals  were cooled during a single session in a "Feurton-3101-01" climatic chamber  for 3 h at - 
-30~ Calcium ions were revealed in lung t issue (cardiac lobe) by thee lee t ron-h is toehemiea lmethod  [6, 10], 
after  p re l iminary  perfusion fixation, with a control  to verify absence of ammonium oxalate in the medium. 
Acid mueopolysacchar ides  were detected with ruthenium red, af ter  immersion of the lung t issue in fixative 
{11]. A scanning cytophotometer ,  an improved version of the "Impulse analyzer"  attachment for the UEY-100A 
elec t ron microscope ,  was used for microscanning.  The e lect r ical  signal during scanning (magnification 
(10,000) was led f rom the photomultiplier to a matching amplif ier  and integrator,  where summation of the val- 
ues of optical density took place, the resu l t  being proport ional  to the density of that par t  of the picture being 
analyzed under the electron microscope .  The t rans formed  analog signal was recorded on a "KonsuI-254" 
printer .  Eight gradat ions  of density of the tes t  object (from 0 to 7) were used in the investigation, the back- 
ground of the object corresponding to "7" and the par t  of the specimen with the highest electron density cor -  
responding to "0." To est imate activity of the his tochemical  reaction the overal l  density was calculated over 
the range f rom 0 to 4. For  volume analysis  of the OLB by the dot counting method, a WeibeI 's  grid was used. 

EXPERIMENTAL RESULTS 

Histochemical  react ion products  were found in the form of small round e lect ron-dense granules 12-15 
nm in diameter ,  or  of an a rea  of dust- l ike granular i ty .  Within the alveolar lining the granules  of the histo-  
chemicM react ion for  calcium ions were found in small numbers  in type I alveolocytes. The reaction products  
were ra ther  more  abundant in lung macrophages ,  especial ly  in those regions of the cytoplasm where phago- 
cytos is  was in p rog res s .  The react ion for calcium ions took place most  intensively in the cytoplasm of the 
type II a lveo[ocytes  (Fig. 1). The distribution of granules  of the end products  of the histochemical  reaction for 

Research  Institute of Physiology and Pathology of Respiration, Siberian Branch, Academy of Medical Sci- 
ences of the USSR, Blagoveshchensk.  Translated f rom Byulleten'  ]~ksperimental 'noi Biologii i Meditsiny, Vol. 
99, No. 5, pp. 629-632, May, 1985. Original ar t ic le  submitted Februa ry  20, 1984. 

0007-4888/85/9905- 0671 $ 09.50 �9 1985 Plenum 1~blishing Corporat ion 671 


