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Vitamin A deficiency (VAD) was induced in the male offspring of female Wistar rats fed on vitamin A- 
deficient diet since the first day of pregnancy. A significant reduction of germ cell number, their label
ling index and germ/Sertoli cells ratio was established after initiation of gonocyte mitosis. A retardation 
in tubular lumen and tight junction formation and appearance of spermatid maturation stages were 
found in VAD testes. Spermatocytes and spermatids undergo more pronounced quantiative and struc
tural changes than spermatogonia. After 12 weeks on a VAD diet a severe regression of seminiferous 
epithelium was observed and the first spermatogenic wave does not come to completion. The obtained 
results showed that VAD in developing rat testes severely affects germ cell proliferation and differen
tiation but not Sertoli cell structure and kinetics that demonstrated the different vit. A requirements of 
germ cell types and Sertoli cells.
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Introduction
It is known that VAD in adult rat caused a cessation of spermatogenesis, degenera
tion and loss of germ cells which leads to regression of the seminiferous epithelium 
[8]. Quantitative studies showed a decrease in number of different germ cell types 
[12] and a reduction of mitotic activity of spermatogonial cells [18]. According to the 
studies by [22] there appears to be a selective mitotic division arrest of A, sper
matogonia which are responsible for reinitiation of spermatogenesis after vit. A re
placement [20]. The somatic cell component of the seminiferous epithelium (Sertoli 
cells) in adult rats seems to be morphologically and quantitatively resistant to VAD 
conditions [13, 7]. The information about the structure of tight junctions which are 
the basis of the blood-testis barrier is unclear due to contradictory data from VAD 
studies [6,13].

The available information about the effect of VAD on male gametogenesis dur
ing the early postnatal period up to sexual maturity, when crucial events occur in
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proceeding of the first spermatogenic wave, is rather scarce. Eskild et al. [4] reported 
that the immature testis has a hight requirements for retinol.

The aim of the present work was to study the alterations in germ and Sertoli cell 
structure, their kinetics and the relationships between cell types in seminiferous epi
thelium in conditions of vit. A-deficiency during prespermatogenesis and first sper
matogenic wave. In this way the investigation will provide new data on the different 
vit. A requirements of germ cell types and Sertoli cells during critical periods after 
birth to sexual maturity.

Material and Methods

The effect of VAD on the developing rat testis was investigated at various ages after 
birth in the male offspring of female Wistar rats fed on AIN-76 diet without vit. A 
since the first day of pregnancy. For regular histology the testes were fixed in Serra’s 
fixative and embedded in paraffin. Pieces from each testis were fixed in 2.5% glut- 
araldehyde, postfixed in 1% 0 s 0 4 and embedded in Durcupan for routine electron 
microscopy (EM). EM observations and microphotos were made on an Opton EM 
109 microscope. Semithin 1 pm sections were stained with Methylene- blue- Azur II- 
basic Fuchsin and were used for quantitation of germ cell types and Sertoli cells. The 
overall number of germ and Sertoli cells and the number of different germ cell types 
were determined on at least 200 cord or tubule cross-sections per animal. The results 
were expressed as cells per seminiferous cord/ tubule or as percentage from the total 
germ cell number. Three hours before 4.5-, 6- and 14 day-old VAD and control 
animals were killed, they received an i.p. injection of 37 kBq/g body weight of 3H- 
thymidine (spec. act. 1.1 TBq mmol'1 ). The paraffin sections were processed for 
autoradiography using liquid nuclear emulsion Ilford . The percentage of labelled 
germ and Sertoli cells was determined in 100 cord cross-sections from each animal. 
For statistical analysis Student’s t-test was used.

Results
Histological and EM observations on testes from 3- and 6-day-old VAD testes showed 
a normal structure of the seminiferous cords. The appearance of the most advanced 
differentiated spermatogonia (type A-, In- and B-spermatogonia, according to Cler
mont and Bustos-Obregon [3]) in VAD animals did not differ from the controls. The 
first differentiated A spermatogonia along the basement membrane were identified 
on day 7th, In spermatogonia - on day 9th and B spermatogonia - on day 10th after 
birth. Preleptotene spermatocytes appeared on 12th day, leptotene spermatocytes - 
on 13th day in VAD and control rats. In seminiferous cords of 14-day-old controls 
few early pachytene spermatocytes could be found whereas in VAD testes at this age 
the most advanced type of meiotic germ cells had reached the zygotene stage. Only 
in 12-day-old VAD testes a great number (about 20%) of degenerating mitotic germ 
cells was established. They had a tendency of a more central position in the cords but 
were not found on the basement membrane (Fig. 1 b). Ultrastructurally the degener
ating mitotic germ cells appeared as large spherical cells with swollen endoplasmic 
reticulum and enlarged mitochondria (Fig. la) In 20-day-old control rats tubular 
lumen was already present and numerous primary spermatocytes were observed in 
the seminiferous tubules (Fig. 2a). In VAD animals of the same age the lumen was 
not formed yet and only few primary spermatocytes were found in a small number of
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Fig. 1. Photomicrographs of 12-day-old VAD rat testis 
a — electron micrograph of degenerating mitotic germ cell (хЗЗОО);
b — semithin section of seminiferous cords. The degenerating mitotic germ cells are situated in the 
centre of the cords (arrows) (x 800). Bar 2.4 pm

seminiferous cords (Fig. 2b). On day 25th some round spermatids could be seen in 
the control testes. In VAD gonads the tubular lumen was formed at day 30th and the 
first round spermatids were found on day 34th. In 40th day-old controls elongated 
spermatids were present whereas in seminiferous tubules of VAD animals the most 
advanced germ cells were round spermatids. In control rats the spermatogenesis was 
completed by day 65th as all stages of the cycle of the seminiferous epithelium had a 
full complement of germ cell generations (Fig. 3a). In VAD animals the first spermato- 
genic wave does not come to completion i.e. no spermatozoa were found. On day 65th 
the testes showed a thin seminiferous epithelium due to degeneration and loss of germ 
cells. Most of the seminiferous tubules contained only Sertoli cells, a few spermatogonia 
and some primary spermatocytes (Fig. 3b). The regression of seminiferous epithelium 
was accompanied with a significant decrease of body weight (up to 55% of control 
value), testis weight (up to 70%) and tubular diameter (up to 40%).

EM study on VAD animals revealed that spermatids and spermatocytes under
went more pronounced structural alterations than spermatogonia. Binuclear germ 
cells - spermatogonia, spermatocytes and spermatids were also seen in VAD ani
mals. By day 25th Sertoli cells were morphologically mature in both of the investi
gated groups. Between neighbouring Sertoli cells a typical structure of tight junctions 
was seen only in controls whereas in 25-day-old VAD testes desmosome-like con
tacts were found. These specialized inter-Sertoli cell structures were observed at 34th 
day in VAD animals.
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Fig. 2. Photomicrographs of the cross-section of rat seminiferous tubules of 20-day-old 
control (a) and VAD (b) testis (x 500)
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Fig. 3. Photomicrographs of the cross-section of rat seminiferous tubules 
of 65-day-old control (a) and VAD (b) testis (x 125)

The labelling index of germ cells under vit. A-deficient conditions was signifi
cantly lower comparing to the controls (Fig. 4). The incorporation of 3H-thymidine 
on day 4.5 was 3-fold decreased. Germ cell labelling indices on day 6 and 14 were 
respectively 30% and 40% lower than the control values (p < 0.01). The difference 
between the labelling index of Sertoli cell from VAD and control animals on day 6 
was not significant.

On day 3 p.p. the difference of the number of germ cells per cord cross-section 
in VAD and control testes was nonsignificant. On days 6,12,20,25 and 34 after birth 
there was a reduction of the overall number of germ cells by about 2-, 3-, 4-, 4.5- and 
5-fold respectively as compared to the controls (Fig. 5). The Sertoli cell number per
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Fig. 4 . 3H-thymidine labelling index of germ cells 
of prepubertal control and VAD testes. Data 
represent tje mean ± SD; n=3). Asterisks, denote 
values significantly different from control rats (**
p < 0.01; *** p < 0.001)

Fig. 5. Overall germ cell number per cross-section 
of a seminiferous cord/tubtle in control and VAD 
developing rats from day 3 to day 34. Data 
represent the mean ± SD; n=3). Asterisks denote 
values significantly different from control rats (**
p < 0.01; *** p < 0.001).

cord/tubule cross-section during investigated time points showed nonsignificant differ
ences between both groups. The germ/Sertoli cell ratio showed a significant rise in the 
controls, whereas in VAD animals the slight increase of this ratio was found (Fig. 6).

The quantitation of different germ cell types revealed that on day 7 undifferen
tiated primitive type A spermatogonia [24,1] predomonated in VAD testes, whereas 
differentiated A spermatogonia prevailed in the controls. On days 8,9,10 and 12 the 
percentage of primitive type A spermatogonia in VAD animals was about 2-3-fold 
higher but the percentage of differentiated A-, In- and B-spermatogonia was lower 
than the controls. A significant increase in ratio of differentiated/undifferentiated 
spermatogonia in the controls was not observed in VAD animals where a slight incre
ment of this ratio was found (Fig. 7). On day 12th the percentage of the sum of In- and 
B-spermatogonia was two times lower whereas the percentage of differentiated A sper
matogonia was decreased only by approximately 20%. In 14-day-old VAD testes the 
percentage of primary spermatocytes was 5-fold lower than the control value. The ratio 
of spermatocyte to spermatogonial number showed that during puberty spermatocytes 
predominated already on day 20, reaching (53%) from the overall germ cell population 
whereas in 20- and 25-day-old VAD rats it was spermatogonia that still prevailed (66% 
and 57% respectively). On day 34 the percentage of the sum of spermatocytes and sper
matids in VAD testes was higher than that of spermatogonia (Fig. 8).

Quantitation of different germ cell types per tubular cross-section on days 20, 
25 and 34 demonstrated a more pronounced decrease (6-fold) of the number of 
more advanced germ cell types (spermatocytes and spermatids) than that found for 
spermatogonial cells. The number of B- and In-spermatogonia was reduced signifi
cantly (4- and 3-fold respectively), whereas the number of A-spermatogonia decreased 
to a lesser exent (1.5 - 2-fold) (Fig. 9).

Discussion
In 4.5-day-old neonatal rats quiescent prospermatogonia resume mitotic division 
after a resting period of about io days and give rise to primitive type A-spermatogo- 
nia. The newly formed germ cells also start mitotic division, accompanied by a re-
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Fig. 6. The germ/Sertoli cell ratio in developing 
control and VAD testes from day 3 to day 34. Data 
represent the mean ± SD. The differences between 
VAD and control values are significant for each 
time point except these for day 3 (p < 0.01)

Fig. 7. The ratio of differentiated/undifferentiated 
spermatogonia in prepubertal control and VAD 
testes from day 7 to day 12. Data represent the 
mean ± SD. The difference between VAD and 
control value are significant for each time point 
(p < 0.01)

duction in size, while migrating from the centre to the periphery of the seminiferous 
cords give rise to differentiated A-spermatogonia [24]. We found that the number of 
quiescent prospermatogonia in 3- day-old VAD rat testes is practically equal to that 
in controls, whereas the germ cell labelling indices on day 4.5 and 6 p.p. were signifi
cantly lower than those established in controls. The 2-fold decrease in germ cell 
number per cord cross-section on day 6 is most probably due to retention of entering 
mitosis of prospermatogonia and their differentiation to A-spermatogonia. Busul- 
phane treatment carried out during the resting period of prospermatogonia delayed 
the expected resumption of mitosis on the 4.5 day by more than 10 days [23]. We 
could suggest that the changes of germ cell kinetics in early postnatal period is due 
to an effect of early vit.A deficiency on the proliferation of germ cell and on the 
initiation of their first postnatal mitotic wave which is a crucial event in establish
ment of spermatogenesis after birth. Another critical event in the first spermatogenic 
wave in rat is the initiation of meiosis on day 12 p.p. The presence of degenerating 
germ cell mitoses found in the centre of the seminiferous cords at the same time 
point can be taken as an indication that under VAD conditions some of the germ 
cells did not succeed to move and relocate on the basement membrane. Since germ 
cells which remain central in the cords have been reported to degenerate it has been 
suggested that the change of position of germ cells and their contact with the basal 
lamina are vital for their survival and for establishment of spermatogenesis [11].

The decrease of spermatogonial labelling index of VAD testes from 14-day-old 
rats idicates that after early postnatal events VAD probably continues to affect germ 
cell proliferation up to end of prepubertal period. The reduced germ cell labelling 
indices we found in prepubertal VAD rats is consistent with the results obtained by 
Unni et al. [18] who reported a significant decrease of the spermatogonial mitotic 
index. Quantitation of different germ cell types in prepubertal VAD animals revealed 
a marked decrease in ratio of differentiated/undifferentiated spermatogonia leading 
to defferent patterns of its control and VAD curves. The percentage of primary 
spermatocytes, B- and In -spermatogonia significantly declined, whereas the decrease 
of the number of A spermatogonia was much less pronounced. Therefore we can 
suggest that vit. A deficiency can bring about retardation both of the premeiotic 
spermatogonial differentiation and entering meiosis.
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Under VAD conditions there is a 
gradual reduction of the overall germ 
cell number per cord/tubule cross-sec
tion and subsequent decrease in germ/
Sertoli cell ratio in the course of the 
first spermatogenic wave. Our histo
logical studies on pubertal VAD tes
tes reveal a retardation of the appear
ance of spermatid maturation stages.
The percentage of the sum of sperma
tocytes and spermatids in VAD rats 
began to prevail upon that of sper
matogonia about 10 days later than the 
controls. The arrest of spermatogen
esis at preleptotene stage in adult VAD 
rats suggests that normal progression 
of meiosis beyond preleptotene sper
matocytes cannot be achieved without 
vitamin A [5]. Our findings suggest that during puberty VAD affects meiotic and 
postmeiotic germ cell development.

Our results on the number of different germ cell types per tubular cross-section 
and EM observation on pubertal VAD testes demonstrated that spermatocytes and 
spermatids underwent more considerable changes in their number and structure than 
spermatogonia. These results suggest that germ cells at later stages of spermatogen
esis are affected by vit. A deficiency to a greater extent than those at earlier stages 
which are consistent with the assumption of Mitanond et al. [12] for adult rat testis. 
It was reported that some chemical agents, heat, and certain pathological conditions

Fig. 8. Pescentage of different germ cell types in 
pubertal control and VAD rats from day 13 to day 
34. The differences between VAD and control value 
are significant for each time point except these for 
day 13 (p < 0.01). Sg - sperm atogonia; Sc - 
spermatocytes; Sd- spermatids

A -sg In -sg  B -sg+p l.S c  Sc

ЕШЗ 2 5 -VA D 3 4 -VA D  fc&nl 25-control 34-control

Fig. 9. Number of different types germ cells per tubular cross-section in 25- 
and 34-day-old control and VAD rats. Data represent the mean ± SD. A- 
sg, In-sg and B-sg - A-, In- and B-spermatogonia; pl.Sc - preleptotene 
spermatocytes; Sc - spermatocytes; Sd - spermatids
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also selectively affect more differentiated germ cell stages [9]. The considerable de
crease of the number of spermatocyte and spermatids established by us, which is 
apparently due to the decreased number of In- and B-spermatogonia, can be inter
preted as a results of the maturation depletion phenomenon leading to severe atro
phy of seminiferous epithelium. Furthermore in VAD animals the first spermatoge- 
nic wave does not come to completion, i.e. there is no formation of spermatozoa. 
Recently Ismail and Morales [7] explained the mode of seminiferous epithelium re
gression in adult VAD testes with degeneration of germ cell at all steps of spermato
genesis and with a germ cell maturation depletion process.

Our finding that the number of A-spermatogonia decreased to a lesser exent 
compared to the more advanced germ cell types characterizes this type of sper
matogonia as a cell population that is more resistant to vit. A deficiency. This type of 
spermatogonia survives avitaminosis A and is responsible for the reinitiation of sper
matogenesis after vit. A replacement [8,19].

The Sertoli cell number per cord/tubule cross-section and their 3H-thymidine 
labelling index in prepubertal and pubertal gonads remain unaffected under VAD 
conditions. It is known that rat Sertoli cells proliferate up to 15 day p.p. [14]. There
after mitotic division ceases and they acquire the morphological characteristics typi
cal for mature Sertoli cells [17]. Our results showed that proliferation and matura
tion of the Sertoli cells occur normally in VAD conditions, which characterized 
them as a relatively stable component of the seminiferous epithelium. It has been 
reported that after severe germ cell depletion in adult VAD testes Sertoli cells re
main in seminiferous tubules and preserve their number [13] and structure [7]. We 
found that in VAD animals inter-Sertoli cell tight junctions morphologically appear 
later than in control animals. In VAD rats this event coincides with a delayed forma
tion of the tubular lumen. Pharmacological studies have shown that gonadotropin 
depletion with oestradiol benzoate or chlomiphen delays the establishment of the 
blood-testis barrier by about 10 days [21,2]. The coincidence of the delay of lumen 
formation and tight junction appearance found by us, can be interpreted in the light 
of the data of Pelletier and Bayer [15] who demonstrated that attainment of barrier 
competence coincides with the completion of tubular lumen development.

The present study reveals that in immature rat VAD severely affects the struc
ture of germ cell their proliferation and differentiation which lead to a disturbance of 
the first spermatogenic wave. In a previous study [10] we found that VAD inhibits the 
mitogenic effect of proteins secreted from prepubertal rat Seroli cells. Despite unchanged 
Sertoli cell kinetics in developing VAD rat testis the above mentioned data about germ 
cell alterations correspond with the reduced mitogenic activity of prepubertal Sertoli 
cells from VAD testes. The obtained results suggest that germ cells are more sensitive to 
vitamin A deficiency than the Sertoli cells and the individual germ cell types also have 
different requirements for vit. A. These data are consistent with the assumption of Pes- 
covitz et al. [16] that vit. A plays a crucial role for germ cell proliferation and differentia
tion and normal proceeding of spermatogenesis.

R e f e r e n c e s
1. В e 11 v e, A. R., I. C. C a w i c c h i a, C. F. M i 11 e 11 e, D. A. O’B r i e n, Y. M. B h a t n a g a r, M.

D y m. Spermatogenic cells of the prepubertal mouse. Isolation and morphological charac
terization. - J. Cell. Biol., 74, 1977, 68-85.

70



2. C h e m e s, Н. Е., M. D у ш, Н. G. М. R а у. The role of gonadotropins and testosterone on initiation
of spermatogenesis in the immature rat.- Biol. Reprod., 21, 1979, 241-249.

3. C l e r m o n t ,  Y., E. B u s t o s - O b r e g o n .  Reexamination of spermatogonial renewal in the rat by
means of seminiferous tubules mounted “in toto”. - Am. J. Anat., 123, 1968, 237-248.

4. E s k i 1 d, W. A. H. R e e, F. O. L e v у, T. J a h n s е n, V. H a n s s o n. Cellular localization of
mRNAs for retinoic acid receptor-p, cellular retinol-binding protein and cellular retinoic 
acid-binding protein in rat testis: Evidence for germ cell-specific mRNAs. - Biol. Reprod., 
44, 1991, 53-61.

5. H u a n g, H. F. S., W. C. H e m b r e e. Spermatogenic response to vitamin A in vitamin A deficient
rats. - Biol. Reprod., 21, 1979, 891-904.

6. H u a n g, H. F. S., C. S. Y a n g, M. M е у e n h o f e r, S. G o u 1 d , A.V. B o c c a b e l l a .  Distribution
of sustenticular (Sertoli) cell tight junction and regression of spermatogenesis in vitamin A- 
deficient rats. - Acta Anat., 133, 1988, 10-15.

7 .1 s m a i 1, N. C., C. M o r a 1 e s. Effect of vitamin A deficiency on the inter-Seroli cell tight junctions
and on the germ cell population. - Micr. Res. Techn., 20, 1992, 43-49.

8 .1 s m a i 1, N. C., C. M o r a 1 e s, Y. C 1 e r m o n t. Role of spermatogonia in the stage-synchroniza
tion of the seminiferous epithelium in vitamin A-deficient rats. - The Am. J. Anat., 188,1990, 
57-63.

9. Je g o u, B. The Sertoli - germ cell comminucation network in mammals. - Int. Rev. Cytol., 147,1993,
25-96.

10. K a n c h e v a, L. S., N. N. A t a n a s s o v a. Vitamin A deficiency inhibits the mitogenic effect of
proteins secreted from pre-pubertal rat Sertoli cells. - Endocr. Regulations., 30, 1995, 247- 
251.

11. M c G u i n e s s, M. P., J. M. O r t h. Rienitiation of gonocyte mitosis and movement of gonocytes to
the testes of newborn rats in vivo and in vitro. - Anat. Rec., 233, 1992, 527-537.

12. M i t r a n o n d ,  V., P. S o b h o n ,  P. T o s u k h o w o n g ,  W. C h i n d a d u a n g r a t .  Cytological
changes in the testes of vitamin A-deficient rats. I Quantitation of germinal cells in the 
seminiferous tubules. - Acta Anat., 103, 1979, 159-168.

13. M o r a 1 e s, C. R., M. D. G r i s w o 1 d. Variations in the level of transferrin and SPG-2 mRNAs in
Sertoli cells of vitamin A-deficient rats. - Cell Tiss. Res., 263, 1991, 125-130.

14. O r t h ,  J.M. Proliferation of Sertoli cells in foetal and postnatal rats: A quantitative autoradio
graphic study. - Anat. Rec., 203, 1982, 485-492.

15. P е 11 e t i e r, R. Me., S. W. By e r s .  The blood-testis barrier and Sertoli cell junctions: structural
considerations. - Micr. Res. Techn., 20, 1992, 3-33.

16. P e s c o v i t z, O. H., C. H. S r i v a s t a v a, P.R. В r е у е r, B. A. Monts Paracrine control of sper
matogenesis. - TEM, 5, 1994, 126-131.

17. R i t z е n, Е. M., V. H a n s s o n, F. S. F  r e n c h. The Sertoli cells. - In: The Testis (Eds. H. Burger,
D.M. de Kretser), New York, Raven Press, 1981, 171-188.

18. U n n i, Е., M. R. S. R a o, J. G a n g u 1 y. Histological and ultrastructural studies on the effect of
vitamin A depletion and subsequent repletion with vitamin A on germ cells and Sertoli cells 
in rat testis. - Ind. J. Exp. Biol., 21, 1983, 180-192.

19. V a n P e l t ,  A. M., D. G. D e R o o i j. The origin of the synchronization of the seminiferous
epithelium in vitamin A- deficient rats after vitamin A replacement. - Biol. Reprod., 42, 
1990, 677-682

20. V a n P е 11, A. M. M., F. M. F. V an  D i s s е 1 - E m i 1 i a n i, I. G. G a e m e r s, M. J. M.
V a n d e r b u r g ,  H. J. T a n k e ,  D. G. D e  R o o i j .  Characteristics of A spermatogonia 
and preleptotene spermatocytes in the vitamin A deficient rat testis. - Biol. Reprod., 53, 
1995, 570-578.

21. V i t a 1 e, R., D. W. F a w c e 11, M. D y m. The normal development of the blood-testis barrier and
the effects of clomiphene and estrogen treatment. - Anat. Rec., 176, 1973, 333-344

22. W a n g, Z., K. H. K i m. Vitamin A-deficient testis germ cells are arrested at the end of S phase of
the cell cycle : a molecular study of the origin of synchronous spermatogenesis in regener
ated seminiferous tubules. - Biol. Reprod., 48, 1993, 1157-1165

23. W a r t e n b e r g, H. Differentiation and development of the testis.- In: The testis (Eds. H.Burger, D.
deKretser), New York, Raven Press, 1989, 67-118.

24. Y o s h i n a g a, K., S. N i s h i k a w a, M. O g a w a, Sh. N a y a s h i, T. K u n i s a d a, T .F u j i m o t o,
Sh. N i s h i k a w a. Role of c-kit in mouse spermatogenesis: identification of spermatogonia 
as a specific site of c-kit expression and function. - Development, 113, 1991, 689-699.

71


