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Summary

Effect of single dose of cyclophosphamide(CP) on early gonadal ridge development was
investigated histochemically by alkaline phosphatase staining. This may throw some light
on the fate of gonadal ridge when exposed to the drug itself or its breakdown products

present as environmental pollutant.

CP was injected intraperitoneally to pregnant Charles foster rats on day 10 of gestation at
2mg/kg/body weight. Transverse sections of fetus collected on day 16 of gestation (end
of organogegesis period) were stained for alkaline phosphatase activity.

Gonadal ridge was much smaller in experimental group as compared to control. In
control, primordial germ cells were seen to be large circular cells of blackish brown color
denoting intense alkaline phosphatase activity. In experimental group, such cells were
absent, only homogeneous distribution of light brown cells was observed.

CP exposure led to development of small gonadal ridge devoid of germ cells, which is a
predecessor of infertile gonad. Therefore, CP and its breakdown products present in

environment have detrimental effect on early gonadogenesis.
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Introduction

Genital ridge develops as a thickening of coelomic epithelium and condensation of
underlying loose mesenchyme along medial aspect of mesonephros on each side of the
dorsal mesentery (1, 2, 3). However, the factors that initiate the origin and regulate
subsequent development and differentiation are still not known, though it is hypothesized
that general as well as local factors are involved (4, 5, 6). Gonadal ridge is formed by
mesenchymal cells, various somatic cell types, and germ cells, which reach it through
yolk sac wall. Somatic cell types include mesothelial i.e. derived from the coelomic
epithelium lining the surface of the genital ridges, mesenchymal, i.e. originated from the
cells of genital stroma, mixed, i.e. an admixture of mesothelial and mesenchymal derived
cells and mesonephric, i.e. derived from mesonephros. Primordial germ cells of rat are
large and round and have a somewhat darkly stained cytoplasm than surrounding cells (7,
2, 8 and 9). The primordial germ cells do not seem to be necessary for early proliferation
of the somatic cells of the genital ridges. As observed by Merchant on rat model,
newborn offsprings of busulphan treated rats showed in their ovaries epithelial cords of
somewhat thinner appearance and the whole organ looked smaller than the one from an
untreated embryo. So it was suggested that proliferation of surface epithelium,
mesenchymal and some mesonephric tubules led to the establishment of undifferentiated
gonad primordium and it might have taken place in the absence of the primordial germ
cells(PGC), or at best with only a few of them (2).

We have undertaken this study to observe the effect of CP on early gonadal development.
CP is a widely used antineoplastic agent whose cytotoxic effect is directly related to
alkylation of DNA. Mirkes et al. opined that cytotoxic and teratogenic effects of CP can
be related to alterations in DNA on one hand (phosphoramide mustard) and protein on the
other (acrolein) (10). It causes premature and irreversible ovarian failure in women as a
long-term complication (11). The metabolically activated, reactive intermediate of CP,
acrolein, is a toxic aldehyde and a major combustion product of petroleum and its
derivatives (12). It 1s also present in automobile exhaust (13), cigarette smoke (14, 15)

and a byproduct of many industrial processes (16, 12). Therefore, effect of CP on gonadal
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ridge development in rats will indirectly give some clue to the effect of environmental

pollution on early ovarian development in women.

Materials & Methods

Animals: 12 Female Charles foster rats of an average weight of 200 gm and an average
age of 120 days were used in this study and were divided in to control and treatment
groups. Animals were housed individually in plastic cages in noise-free, air-conditioned
animal house with temperature maintained at 75°F and on a light dark cycle of 12:12
hours. Humidity was maintained with a minimum of 50%. Rats were fed on diet pellets
(Hindustan Lever, Bombay, India); tap water ad libitum, and treated with utmost human
care. The female rats in their proestrous were caged overnight with males of the same
stock (Female: Male = 3:1). Presence of sperms in the vaginal smear on the following
morning confirmed start of gestation and the day was numbered as the day 'zero' of

pregnancy.

Experimental Procedure:

Adminstration of drug: CP was obtained from Khandelwal laboratories, Mumbai,
India. CP in sterile distilled water was administered intraperitoneally in a single dose of 2
mg/kg body weight in a volume of 0.5 ml with the help of a sterile tuberculin syringe to
the pregnant rat on day 10 of gestation. Our earlier work suggests (2) that a dose of 2
mg/kg Body weight is sufficient to stop migration of PGCs towards gonadal ridge, which
are in the wall of yolk sac on day 10 of pregnancy. Where as the control rats were
administered with equal amount of distilled water. The pregnant rats were sacrificed with
overdose of ether anaesthesia on day 16 of pregnancy (end of organogenesis period).
Fetuses were collected through laparotomy. 20 fetus in each group were taken for study.

Staining procedure for alkaline phosphatase activity: Transverse sections of fetuses
were cut in transverse plane by a sharp safety blade passing through the lumber region.

Caudal portions of the fetuses with gonadal ridge area in it were fixed in cold acetone at
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4°C. Fetuses were oriented rostrocaudally in the paraffin blocks. Caudal end of fetuses
were sectioned in horizontal plane at 8 p thicknesses by a rotary microtome. Sections
were transferred to the slides. Slides were kept in an incubator at 37°C overnight. The
sections were then deparaffinized with chloroform before hydration through a series of
acetones to water. Sections were stained for alkaline phosphatase activity by following
protocol .Briefly, sections were incubated at 37°C for 30 minutes in solution containing
0.8% Sodium B glycerophosphate, 2% sodium barbital, 2% calcium chloride and 5%
Magnesium sulphate .The sections were then washed in distilled water and placed in 2%
cobalt nitrate for 5 minutes. Thereafter all the sections were place in 2% yellow
ammonium sulphide for 2 minutes and then observed under microscope for black/brown
precipitate. Sites of positive alkaline phosphatase activity were black with a tinge of
brown, sharp and clear. The results were compared with control slides. The staining
specifically shows positive alkaline phosphatase activity on the PGCs by staining, in
black-brown, the plasma membrane and the Golgi body and also dense granules and
ribosome. The photomicrographs for histological studies were taken with the help of

Leitz Orthoplan Photomicroscope.

Statistical analysis

Statistical analysis was done by Students t — test.

Results

Transverse sections of fetuses of day 16 of gestation at the caudal end stained for alkaline
phosphatase activity showed striking differences in control and experimental group.

In control fetuses, gonadal ridge ("arrow" in Fig.1) could be seen lateral to dorsal
mesentery ("asterix" in Fig.1) from ventro-medial aspect of mesonephros (""c" in Fig.1).
Whereas in experimental group, size of the bud was much smaller ("arrow" in Fig.1) than
controls of the same age. Size of the bud in comparison to mesonephros in the two groups
is suggestive of the fact that gonadal ridge could not grow to the desirable optimal size
and extent in the experimental groups. In control, PGCs were seen as large circular cells

in clusters showing intense alkaline phosphatase activity within their plasma membrane,
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shown by blackish -brown colour (Fig.1).Prominent alkaline phosphatase activity was

evident only in PGCs and not in other cells in the vicinity (Figl).

Figure 1: Photomicrograph of transverse section of control fetus showing a well
developed gonadal ridge (arrow) projecting from the ventro-medial aspect of the
mesonephros (c) lying lateral to dorsal mesentery (asterix). The gonadal ridge is
bigger in size than the mesonephros and due to presence of clusters of PGCs
having positive alkaline phosphatase activity the colour of staining is deep. The

paramesonephric duct (a) is seen embedded in the mesonephros (c). X 64.51.

In the treated group, only a very faintly staining homogeneous distribution of
cells were found. Nowhere in the section from experimental animal could any
of the cells showing alkaline phosphatase activity be seen suggestive of total

absence of PGCs (Fig.2).
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Figure 2: Photomicrographs of transverse section of treated fetus showing gonadal
ridge (arrow) smaller in size than the mesonephros (c). There is no difference in the
intensity of staining between the mesonephros and the gonadal ridge suggesting absence
of PGCs in the gonadal ridge. Paramesonephric duct (asterix) is seen embedded in

mesonephros. X 64.51

Discussion

In the present study, gonadal ridge failed to grow to its normal size and remained smaller
as compared to control (‘arrow’ in Fig.1,3) when studied on day 16 (‘arrow’ in Fig.2) of
gestation. Normal growth of gonadal ridge depends upon two main cell types in it, PGCs
and somatic cells. PGCs reach the gonad primordia by a combination of passive
morphogenetic movements and active migration (17). In Drosophila for example, the
PGCs, which are formed at the posterior pole of the embryo, are passively swept into the
midgut during gastrulation. From there, they actively migrate through the gut epithelium
towards the gonadal mesoderm (18). However, the migration path is controlled by cues
from the somatic environment and is not autonomous to the PGCs (19, 20). Interactions

of motile PGCs with the extracellular matrix (ECM) are required for proper migration
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(21, 22) and contact-mediated interactions have been proposed to play a role also in PGC
guidance. For example, in Xenopus PGCs appear to be oriented by a polarized cellular or
Extracellular matrix substratum (23,24) and the accumulation of mouse PGCs in the
gonad might involve adhesion of pioneer PGCs to the target and subsequent aggregation
of interconnected PGCs (25,26). The germ cells have a very simple structural
organization and lack sufficient exogenous energy reserves in the form of glycogen and
lipid (2, 8). Somatic cells transfer materials directly across the narrow intercellular space
for the use of germ cells. In different tissues and cells, alkaline phosphatase activity has
been known to be involved in the transport of nutrient substances from adjoining cells
(27). Alkaline phosphatase activity of PGCs seems to be rather specific (8). Therefore,
lack of alkaline phosphatase activity or its quantitative decrease results in lack of supply
of nutrition and support from surrounding somatic cells. Even after reaching gonad PGCs
remain dependent on somatic cells for nutrition and support. Gondos (27) observed
vacuoles of variable size in the cytoplasm immediately adjacent to the granulosa cell
membrane. This arrangement suggests possibility of synthesis of material by granulosa
cells, which is later on transferred to PGCs (28). In the present study CP interfered with
the alkaline phosphatase activity of PGCs. Moreover, cells surrounding PGCs got
intoxicated resulting in their inability to support moving PGCs towards the destination.
The gonad primordia appear to produce signals that attract PGCs, which may represent
the somatic tissues of the gonad (29). This has been shown in mouse, where explants of
gonadal tissue can attract PGCs in vitro (30), and in chick, where transplanted gonadal
tissue can direct accumulation of PGCs in ectopic regions (31). Furthermore, in
Drosophila, the gene columbus (Hmgcr — FlyBase), which is expressed in gonadal
mesoderm, is thought to be involved in production of a signal that attracts PGCs (32). In
the present study, chemotactic mechanism involving certain cells in the gonadal ridge, to
attract PGCs towards it, may also have been blocked. Final shifting of germ cells to the
correct site which is apparently regulated by some chemotactic inductor substances

produced by genital ridges (33, 34, 35) must have been interfered with.
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Therefore, process of development was influenced by non-arrival of PGCs at target
organ. It is well established that the germ cells are not essential for the origin of a gonad.
In amphibians sterile gonadal ridge may develop after removal of germ cells (4) and
elimination of PGC of the chick before they reach the gonad region (36) does not result in
non-development of gonadal ridge. Furthermore, germ cells in ectopic situations are
unable to initiate gonad formation (37,38). In the present study, the experimental rats
subjected to 2 mg/kg dose on day 10 of CP resulted in failure of migration of PGCs up to
the developing gonadal ridge. If from the above discussion we derive conclusion that
PGCs are not essential for the gonadal ridge formation, the hypothesis appears to be true.
However, at the same time, the gonadal ridge study in both these groups of the present
work convincingly suggests that the size of the gonadal ridges in experimental group
remained significantly smaller than those in the control group. Therefore, it is suggested
that the process of development was influenced by non-arrival of PGCs at the target
organ resulting in a smaller number of cells inherent to gonadal ridge, i.e. somatic and
mesenchymal cells and almost total absence of PGCs. On the other hand, CP having
broad ranging antimitotic activity, inhibited normal process of division of somatic and
mesenchymal cells. All these factors acting together size of gonadal ridge remained
significantly smaller in the present study group. Therefore, from the present study we can
derive conclusion that CP itself and its breakdown products present in the environment as
pollutants interfere with early stages of gonadal development leading to small sized

sterile gonad.

References

1 Hamilton WJ, Boyd JD, Mossman HW. Human Embryology. W Heffer and son’s Itd
eds: Cambride, 1957.

2 Merchant H. Rat gonadal and ovarian organogenesis with and without germ cells.

An ultrastructural study. Developmental Biology 1975; 44: 1-21.

3 Pelliniemi LJ, Frojdman K and Paranko J. In: Dekretser D ed. Molecular Biology
of the Male Reproductive System. San Diego: Academic Press, 1993:21-65.

227



Pharmacologyonline 1: 220-231 (2007) Ray et al.

4

10

11

12

13

14

Nieuwkoop PD. Experimental investigations on the origin and determination of
the germ cells, and on the development of the lateral plates and germ ridges in

urodels. Arch Neen Zool 1947; 8: 1-205.

Nieuwkoop PD. Causal analysis of the early development of the primordial germ
cells and the germ ridges in urodeles. Arch D'Anat Micr et de Morph Exp 1950;39
: 257-68.

Willier BH, Weiss PA, Hamburger V.In: Analysis of development.New
York:Hafner Publishing Company.1971: 470-91.

Eddy EM. Fine structural observation on the form and distribution of Nuage in

germ cells of the rat. Anat Rec 1974; 178: 731-58.

Eddy EM, Clark JM. The Ultrastructure of Endocrine and Reproductive Organs.
In: Hess M ed. Electron Microscopic Concepts of Secretion. New York: Wiley,
1975: 151-68.

Jeon KW, Kennedy JR. The primordial germ cells in early mouse embryos: light
and electron microscopic studies. Dev Biol. 1973; 31:275-84.

Mirkes PE, Greenway JC, Rogers JG, Brundrett RB. Role of Acrolein in
Cyclophosphamide Teratogenicity in Rat Embryos in Vitro. Toxicol Appl
Pharmacol. 1984;72 : 281-91.

Jarrell J, Lai EV, Barr R, McMahon A, Belbeck L, O'Connell G. Ovarian toxicity
of cyclophosphamide alone and in combination with ovarian irradiation in the rat.
Cancer Res. 1987; 47:2340-3.

Goldfrank LR, Flomenbaum NE, Lewin NA, et al, eds. Goldfrank’s Toxicologic
Emergencies. 4th ed. Norwalk CT: Appleton and Lange; 1990:737-49.

Tonimoto M, Uehara H. Detection of acrolein in engine exhaust with microwave capacity
spectrometer of spark voltage type. Environmental and Science Technology 1975; 9:

153-4.
Johnstone RA, Flimmer JR. The chemical constituents of tobacco and tobacco

smoke. Chemical Reviews.1959; 59: 885-953.

228



Pharmacologyonline 1: 220-231 (2007) Ray et al.

15

16

17

18

19

20

21

22

23

24

25

Newsome JR, Norman V, Keith CH. Vapour phase analysis of cigarette smoke. Tob
Sici.1965; 9:102-10.

Izard C, Libermann C. Acrolein. Mutation Research 1978; 47: 115-38.
Molyneaux KA, Stallock J, Schaible K, Wylie C. Time-lapse analysis of living

mouse germ cell migration. Dev Biol 2001; 240:488-98.

Jaglarz MK, Howard KR. The active migration of Drosophila primordial germ
cells. Development 1995;121:3495-503

Cleine JH. Replacement of posterior by anterior endoderm reduces sterility in
embryos from inverted eggs of Xenopus laevis. J Embryol Exp Morphol 1986; 94:
83-93.

Wylie CC, Heasman J, Snape A, O’Driscoll M, Holwill S. Primordial germ cells
of Xenopus laevis are not irreversibly determined early in development. Dev Biol
1985; 112: 66-72.

Anderson R, Fassler R, Georges-Labouesse E, Hynes RO, Bader BL, Kreidberg
JA, Schaible K, Heasman J, Wylie C. Mouse primordial germ cells lacking betal
integrins enter the germline but fail to migrate normally to the gonads.
Development 1999; 126: 1655-64.

Di Carlo A, De Felici M. A role for E-cadherin in mouse primordial germ cell
development. Dev Biol 2000; 226: 209-19.

Heasman J, Hynes RO, Swan AP, Thomas V, Wylie CC. Primordial germ cells of
Xenopus embryos: the role of fibronectin in their adhesion during migration. Cell
1981; 27: 437-47.

Heasman J, Wylie CC. Contact relations and guidance of primordial germ cells on
their migratory route in embryos of Xenopus laevis. Proc R Soc London B Biol
Sci 1981; 213: 41-58.

Garcia-Castro MI, Anderson R, Heasman J, Wylie C. Interactions between germ
cells and extracellular matrix glycoproteins during migration and gonad assembly
in the mouse embryo. J Cell Biol 1997; 138: 471-80

Gomperts M, Garcia-Castro M, Wylie C, Heasman J. Interactions between
primordial germ cells play a role in their migration in mouse embryos.

Development 1994;120: 135-141

229



Pharmacologyonline 1: 220-231 (2007) Ray et al.

26
27

28

29

30

31

32

33

34

35

36

Pearse AG E. Histochemistry. Theoretical and applied. London: Churchill 1968.

Gondos B. In: W.R. Butt, A.C. Crooke, M. Ryle, eds. Gonadotrophins and Ovarian
Development. Edinburgh: Livingstone, 1970: 239-48.

Weidinger G, Wolke U, K&prunner M, Thisse C, Thisse B, Raz E. Regulation of
zebrafish primordial germ cell migration by attraction towards an intermediate
target. Development 2002; 129: 25-36.Godin I, Wylie C, Heasman J. Genital
ridges exert long-range effects on mouse primordial germ cell numbers and
direction of migration in culture. Development 1990;108: 357-63.Kuwana T,
Rogulska T. Migratory mechanisms of chick primordial germ cells toward gonadal

anlage. Cell Mol Biol 1999; 45:725-36.

Van Doren M, Broihier HT, Moore LA, Lehmann R . HMG-CoA reductase guides
migrating primordial germ cells. Nature 1998; 396: 466-9.

Witschi E. Gonad development and function. Embryogenesis of the adrenal and
reproductive glands. In: Pincus G Ed. Recent Progress in Hormone Research. New
York: Academic Press, 1951:1-27.

Dubois R. Attraction exercised by the young germinative epithelium on the
germinal cells of the chick embryo is a chemotactic order phenomenon: in vitro
culture demonstration. C R Acad Sci Hebd Seances Acad Sci D. 1966; 262:2623-
6.

Wylie CC, Stott D, Donovan PJ. In Browder LW ed. The Cellular Basis of
Morphogenesis. New York: Plenum, 1986: 433-48.

Wylie CC, Heasman J. Migration, proliferation, and potency of primordial germ

cells. Semin Dev Biol 1993; 4: 161-70.

Humphrey RR. Extirpation of the primordial germ cells of Amblyostoma : its
effect upon the development of the gonad. J Exp Zool 1927; 49: 363-99.

Willier BH. The embryonic development of sex; in Sex and Internal Secretions. 2d

ed. Baltimore: Williams & Wilkins Co.1939

Willier BH . Potencies of the gonad-forming area in the chick as tested in chorio-

allantoic grafts. Roux' Arch Entw-Mech 1933; 130: 616-49.

230



Pharmacologyonline 1: 220-231 (2007) Ray et al.

37  Witschi E. Genes and inductors of sex differentiation in amphibians. Biol Rev

1934; 9: 460-488.

38 Danschakoff W . Keimzelle und Gonade Die entodermae Wanderzelle as
Stamnzelle in der keimbahn. Experimentelle Beweise. Zeit Zellforsch Mikr Anat

1932;14 : 376-84.

Corresponding author: E-mail : biswabina@yahoo.co.in
Present address: Department of Anatomy, CBS, Manipal, Karnataka — 576104.
Phone no: 0820-22327.

231



