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Long-term administration of vitamin A
and the process of spermatogenesis

L.A. Sadek! and M.H. Abdul-Mohsen?
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ABSTRACT The effect of retinoids on spermatogenesis in adult male gerbils (Gerbillus cheese-
mani) was studied using light and clectron microscopy. Treatment with either 13-cis-retinoic acid
or retinol acetate was given for 6 weeks and their effects were compared with controls. It was
found that 13-cis-retinoic acid induced almost complete cessation of spermatogenesis and pro-
duced alterations in tha cytoplasm of Leydig cells. No differences were seen in the testis of ani-
mals treated with retinol acetate compared with controls using light microscopy but it appeared to
produce noticeable ultrastructural changes in Leydig cells. The changes observed were reversed
12 weeks after stopping treatment. Caution should be exercised regarding the use of dietary
retinoids in the prevention of cancer.

L'administration a long terme de vitamine A et le processus de la spermatogenése
RESUME Leffet des rétinoides sur la spermatogengse chez des gerbilles mdles adultes (Gerbil-
lus cheesemani} a 6té étudié au microscope classique et au microscope électronique. Un traite-
ment avec la 13-cis trétinoine ou Pacétate de rétinol a été administré pendant 6 semaines et leur
effet a &té comparé avec des témoins. On a constaté que la 13-cis trétinoine induisait un arrét
quasi-total de la spermatogenése et produisait des changements dans le cytoplasme des cellules
interstitielles des testicules. On rm'a pas trouvé de différences dans les testicules des animaux
traités avec I'acétate de rétinol par rapport aux témoins & 'examen au microscope classigue mais
il est apparu que cette substance a produit des changements ultrastructuraux visibles dans les
cellules interstitielles des testicules. Les changements observés ont été inversés 12 semaines
aprés l'arrét du traitement. [l y a lieu d’étre prudent en ce qui concerne ['utilisation de rétinoides en
compléments alimentaires dans la prévention du cancer.
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Introduction

Vitamin A (retinol, retinoids) and beta-car-
viene (provitamin A) are used in experi-
mental, clinical and epidemiological
studies for cancer chemoprevention and
treatment [/, 2]. Some studies on the effect
of retinoids on carcinogenesis have, how-
ever, given apparently contradictory re-
sults. For example, retinoids have been
found to increase the frequency of cancer
in some studies on experimental animals
[3].

Sterility is a common side-effect in men
treated with chemotherapeutic drugs [4].
Degeneration of the seminiferous tubules
and reduction of the germinal epithelium
have been observed in cases of vitamin A
deficiency in rats and rhesus monkeys [5].
On the other hand, hypervitaminosis A has
been found to cause testicular degeneration
and to delay spermatogenesis in the rat tes-
tis [6]. It has also been shown that vitamin
A acid suppresses spermatogenesis in toads
[7]. However, the exact role of vitamin A in
the process of spermatogenesis is still un-
known,

Retinol acetate and 13-cis-retinoic acid
have undergone clinical examination for
the treatment of a number of pathologies, in
particular certain neoplastic [§] and integu-
mentary [9] disorders. To date there is no
information on the effect of 13-cis-retinoic
acid or retinol acetate on the process of
spermatogenesis in male Gerbillus cheese-
mani. Our study was designed to investi-
gate the effect of vitamin A treatment on the
process of spermatogenesis in order to shed
more light on its mechanism of action.
Light and electron microscopy were used
with special reference to the structure of
Leydig cells.

Materials and methods

Adult male gerbils (G. cheesemani), weigh-
ing 30-50 g, were obtained trom a regular
supplier in Kuwait City. The animals were
housed in individual cages under controlled
lighting conditions (14 hours light and 10
hours dark) and temperatures of 20-22 °C,
They had unlimited access to food (Dixon
laboratory chow) and water. The animals
were divided into 4 groups of 30 gerbils
each.

* Group I animals injected intraperito-
neally with 6 mg 13-cis-retinoic acid
dissolved in 0.2 ml olive oil per 50 g
body weight, 3 times per week for 6
weeks.

+ Group II: animals injected intraperito-
neally with 6 mg retinol acetate dis-
solved in 0.2 m! olive oil per 50 g body
weight, 3 times per week for 6 wecks.

* Group III: animals injected intraperito-
neally with 0.2 ml olive oil per 50 g
body weight, 3 times per week for six
weeks.

= Group IV: control animals, which re-
ceived no treatment.

Retinol acetate and 13-cis-retinoic acid
and olive oil were purchased from Sigma
Chemical Company, St Louis, USA,

After 6 weeks of treatment, 15 animals
from each group were Killed and their testes
examined histologically, and 12 weeks after
withdrawal of treatment, the remaining 15
animals in each group were similarly treat-
ed. The testes were fixed in Bouin’s fluid,
embedded in paraplast and sectioned at
5 pm. The sections were stained with hae-
matoxylin and counter-stained with eosin.

For electron microscopy, whole testes
from each of the four groups were removed
and placed in 2.5% glutaraldehyde fixative
(pH 7.4) for 3 hours. Tissue cubes were

VAAR N sl bl e el ol i 1 i gzl 52 Rl ieme)]



Eastern Mediterranean Health Journai, Vol. 5, No.1, 1999 125

then rinsed in three changes of 0.1 M sodi-
um cacodylate buffer (pH 7.4) for 1 hour
and post-fixed for 2 hours in 2% osmium
tetroxide in the same buffer. They were de-
hydrated in a graded ethanol series, cleared
in several changes of propylene oxide, em-
bedded in Epon 812 and incubated at 60 °C
for 24 hours. After embedding, the tissue
blocks were cut with glass knives using a
Reichert OmU3 ultramicrotome. Selected
ultrathin sections were stained with uranyl
acetate and lead citrate. Sections were ex-
amined with an Opton EM9 electron micro-
scope.

Results

Administration of 13-cis-retinoic acid in-
duced nearly complete cessation of sper-
matogenesis and degenerative changes in
most of the seminiferous tubules (Figure 1)
compared with the controls (Figure 2). The
diameter of the seminiferous tubules de-
creased, resulting in enlargement of intersti-
tial spaces compared with normal testis.

Sections of the testis from animals treat-
ed with retinol acetate showed almost nor-
mally shaped seminiferous tubules, except
for a slight difference in their diameter
(Figure 3).

In animals treated with olive oil, the se-
miniferous tubules were comparable (o the
normal testis except for a slight change in
their diameter (Figure 4).

The tubules appeared (o recover 12
weeks after withdrawing retinoic acid, ret-
inol acetate or olive oil. Seminiferous tu-
bules regained their normal diameter and
spermatogenesis in all groups. However,
some damaged tubules could still be ob-
served in the retinoic acid group.

Several alterations were observed in the
cytoplasm of Leydig cells treated with ret-

W N

Figure 1 Light micrograph of transverse
section of the testis of G. cheesemani
treated with retinoic acid for 6 weeks,

~showing almost complete cessation of

spermatogenesis and degenerative changes
in most of the seminiferous tubules with
reduced diameter and wide interstitial
spaces in between (H&E x 400)

Figure 2 Light micrograph of transverse
section of the testis of control G.
cheesemani which received no treatment.
Note the regular seminiferous tubules with
all developmental stages of spermatogen-
esis and interstitial spaces among tubules
(H&E x 400)

1444 Y el el ol el el dakia ¢ da gzl 320 Lol Uanad|



126 La Revue de Santé de la Méditerranée orientale, Vol. 5, No.1, 1999

Figurc 3 Light micrograph of transverse
section of the testis of G. cheesemani
treated with retinol acetate for 6 weeks.
Note the reduced diameter of the
seminiferous tubules (H&E x 400)

inoic acid (Figure 5). Mitochondria ap-
peared with lamellar cristae, and some
showed disruption of the inner membrane
and a vaculated matrix ending with hyper-
trophied mitochandria. The cytoplasm con-
tained dilated hypertrophied cisternae of
smooth endoplastic reticulum (SER) and
rough endoplastic reticulum (RER).

Noticeable ultrastructural changes were
observed in the cytoplasm of Leydig cells
treated with retinol acetate (Figure 6). The
mitochondria exhibited few lamellar cris-
tae, but showed irregular membranes and a
vaculated matrix. Large amounts of cister-
nae of RER and SER were observed in the
cytoplasm of these treated cells.

The ultrastructure of Leydig cells treat-
ed with olive oil was normal (Figure 7)
compared with the control (Figure 8).

Leydig cells recavered 12 weeks after
drug withdrawal in all groups; however,
“slightly vaculated mitochondria were ob-
served in the retinoic acid group.

Figure 4 Light micrograph of transverse
section of testis of G. cheesemani treated
with olive oil for 6 weeks. Note the normal
shape of the seminiferous tubules with all
spermatogonial stages and interstitial
spaces in between (H&E x 400)

Figure 5 Electron micrascaopy of part of two
Leydig cells of the testis of G. cheesemani
treated with retinoic acid for 6 weeks. The
mitochondria (M) appear hypertrophied with
indistinct membranes, few cristae and a
vaculated matrix, Note the different stages
of association between mitochondria and
SER («). In some cases the mitochondria
appear to be adjacent to each other while in
other cases they appear to be enveloped by
the SER. Abundant cisternae of SER («-)
are present in the cytoplasm (< 9500)
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rigure 6 Electron microscopy of part of
Leydig cells of the testis of G. cheesemani
treated with retinol acetate for 6 weeks,
showing some altered mitochondria (M)
with indistinct outer membranes, a
vaculated matrix and few cristae. RER and
clusters of ribosomes (<) are present

(x 9500)

Figure 7 Electron microscopy of part of
Leydig cells of the testis of G. cheesemani
treated with olive oil for 6 weeks. Note the
presence of mitochondria (M) with few
cristae, a light matrix and indistinct outer
and inner membranes. Clusters of free
ribosomes («) and dense lysosomes (L) are
indicated (> 9500)

Figure 8 Electron microscopy of part of
Leydig cells of the control testis of G.
cheesemani, showing an oval nucleus (N),
with a regular nuclear envelope (Ne) and
peripheral heterochromatin (H).
Mitochondria (M), cisternae of SER and
lysosomes (L) can be seen (x 9500)

Discussion

Our results show that long-term administra-
tion of vitamin A acid or vitamin A alcohol
has an effect on the process of spermatoge-
nesis in the male gerbil.

In mammals it is well known that sper-
matogenesis is totally dependent on test-
osterone, but exactly what level of
testosterone produced by the Leydig cells is
needed and how it acts upon the Sertoli and
peritubular cells of the seminiferous tu-
bules to drive spermatogenesis is still un-
known [/0]. Our results give evidence that
the administration of vitamin A acid or vita-
min A alcohol affects the process of sper-
matogenesis in the male gerbil. The
association of 13-cis-retinoic acid trcat-
ment of the male gerbil with the inhibition
of spermatogenesis and degeneration of the
mitochondria in Leydig cells may reflcct a
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decrease in the testosterone level. Ewing
and Zirkin [//] suggested that cholesterol
from the metabolically active pool might be
transported into the mitochondria where
the cholesterol-side-chain-cleavage en-
zyme converts it to pregnenclone. Preg-
nenolone is then transported into the SER
where it is converted into testosterone. Ces-
sation of spermatogenesis has been report-
ed in the presence of low serum
testosterone levels in male rats [/2,/3]. The
level of testosterone also decreased in plas-
ma samples from male New 7ealand rab-
bits treated with 13-cis-retinoic acid, while
in plasma, luteinizing hormone (LH) and
follicle stimulating hormone (FSH) con-
centrations increased [/4]. This elevation
may reflect an increase in gonadotropin-re-

leasing hormone (GnRH). The effect of
GnRH in the cessation of spermatogenesis
in male gerbils cannot be excluded since
GnRH sites in the Leydig cells of the rat
testis have been demonstrated [/35,16].

The damage caused by vitamin A treat-
ment in the testis of the male gerbil can be
corrected by withdrawal of the drug for at
least 12 weeks. However, there are a num-
ber of important questions to be answered
before we can confidently make recom-
mendations on the use of dietary retinoids
in the prevention of cancer. It is worth men-
tioning that retinoic acid and several ana-
logs have been found to promote skin
tumours in mice when administered topi-
cally or as a dietary supplement [/7].
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As most countries have ongoing national health-related research ac-
tivities, particularly in universities and research institutes, and the re-
sults of such research are not always shared with decision-makers at
the national level or with sclentists in other countries of the Region,
the Regional Office has been keen to strengthen national research
focal points to achieve this target and is also making every possible
effort to ensure the publication of the results of these studies through
national and regional health Journals and periodicals.

Source: The work of WIIO in the Castern Mediterranean Regivn. Annval Repurt uf the Regional
Director 1 January-3 December 1997, Pages 16-17.
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