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Summary. Six adult lorises (Loris tardigradus lydekkerianus) in anoestrus
were selected for study. Four of the animals were pretreated with an

injection of 0\m=.\5mg oestradiol-17\g=b\,two were given FSH (2 \m=x\50 i.u. with
a 12-hr interval), while the remaining two were not treated with hor-
mones. All of the animals were subsequently given a subcutaneous in-
jection of 0\m=.\5mCi [3H]thymidine and their ovaries were recovered for
autoradiography 24 hr later.

It was found that the non-follicular germinal cells within `nests' in the
ovarian cortex actively incorporated the radioisotope. Some of the
labelled germinal cells appeared to reach the pachytene-diplotene stages
ofmeiotic prophase, although this would not be expected to occur in such
a short time after treatment. None of the labelled germinal cells appeared
to enter upon the phase of follicular growth, although a few (especially
in ovaries treated with oestrogen and FSH) seemed to be in primordial
follicles consisting ofan incomplete layer of flattened cells.

INTRODUCTION
The occurrence in the ovaries of adult prosimian primates of non-follicular
germinal cells in various stages of mitosis (oogonia) or meiotic prophase
(oocytes) indicates that oogénesis in these animals continues throughout life
(for review, see Anand Kumar, 1974). This pattern of oogénesis is in marked
contrast to that found in the majority of mammalian species in which the pre-
diplotene stages of germinal cell maturation are completed during late fetal or

early postnatal life (see Brambell, 1956; Franchi, Mandi & Zuckerman, 1962;
Baker, 1972). Autoradiographic studies of the ovaries oïGalago (Ioannou, 1967;
Butler & Juma, 1970; T. C. Anand Kumar and T. G. Baker, unpublished
observations), Nycticebus and Loris (T. C. Anand Kumar and T. G. Baker,
unpublished results), following injection of [3H]thymidine, have shown that
cells resembling oogonia and oocytes persist throughout adult life and incorpor¬
ate precursors of DNA. Quantitative differences in the size of the population of

t Correspondence and reprint requests: Dr T. G. Baker, Hormone Laboratory, Department of
Obstetrics, Simpson Memorial Maternity Pavilion, Royal Infirmary, Edinburgh EH3 9ER.
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non-follicular germ cells (related to the stages of the oestrous cycle, or occurring
as a result of the administration of exogenous steroid hormones during anoestrus
in the loris) have indicated that the multiplication of such cells is under endo¬
crine control (Anand Kumar, 1968a, b). However, the question remains to be
resolved as to whether these newly formed germinal cells can acquire a follicular
envelope and contribute to the population of definitive germinal cells (follicular
oocytes at the diplotene stage of meiotic prophase).

The present studies were carried out to determine the fate of the non-follicular
oocytes in anoestrous lorises, and also in animals treated with exogenous steroid
and gonadotrophic hormones.

MATERIALS AND METHODS
Animals

Six healthy adult slender lorises (Loris tardigradus lydekkerianus) at the anoes¬

trous stage of the reproductive cycle were used according to the following
schedule: (1) two animals were injected subcutaneously with [3H]thymidine
(sp. act. 9000 mCi/mmol, at a dose of 0-5 mCi/animal) and their ovaries were
recovered 24 hr later; (2) four lorises were pretreated with a subcutaneous
injection of oestradiol-17ß (0-5 mg in 0-5 ml propanediol/animal), followed 12
hr later by an injection of [3H]thymidine (as above). Ovaries from two of these
lorises were recovered 24 hr after the thymidine treatment, while the remaining
two animals were given 100 i.u. FSH (NIH-FSH-S3) as two subcutaneous
injections of 50 i.u. 12 hr apart. These ovaries were recovered 24 hr after the
last injection of FSH.

Autoradiography
The ovaries were fixed in Bouin's fluid, embedded in paraffin wax, serially

sectioned at 10 µ  and processed for autoradiography using the dipping tech¬
nique (with Ilford G5 emulsion) of Rogers (1967). The autoradiographs were

developed in Kodak Microdol-X developer 2 weeks after exposure to the
ß-radiation from the tritium. The preparations were fixed in sodium thio-
sulphite, washed in water, and stained through the emulsion with Harris's
haematoxylin.

EXPLANATION OF PLATE 1
Fig. 1. A group of labelled non-follicular germinal cells in various stages of oogénesis in the
ovary of an anoestrous loris. A = atretic germinal cell; D = oocyte at diplotene;
 = mitotic prophase,  800.
Fig. 2. Labelled oocyte at diplotene (D) at an early stage of follicular growth in the ovary
of an anoestrous loris pretreated with oestrogen,  800.
Fig. 3. Labelled oocyte at diplotene in the ovary of an anoestrous loris pretreated with
oestrogen. Note the single layer of follicle cells (arrowed) around the oocyte. X 800.
Fig. 4. Labelled oocyte at diplotene in a primordial follicle in the ovary of an anoestrous
loris pretreated with oestrogen and FSH. The follicular cells are arrowed,  800.
Fig. 5. Follicle containing an atretic oocyte in the ovary of an anoestrous loris pre¬
treated with oestrogen and FSH.  800.



PLATE 1

(Facing p. 448)



Primordial germinal cells in adult Loris 449

RESULTS
Examination of the autoradiographs showed that most, although not all, of the
non-follicular germinal cells (which were crowded into 'nests') were labelled.
They were in various stages of mitosis or undergoing meiotic prophase. Some of
the labelled germinal cells appeared to be undergoing degeneration in that their
nuclear chromatin was clumped and the cytoplasm appeared 'empty' (PL 1,
Fig. 1).

The 'nests' of germinal cells in the ovaries ofanoestrous lorises contained only
labelled oogonia and the early stages of meiotic prophase (PL 1, Fig. 1), but
the ovaries of lorises which had been pretreated with oestrogen contained
oocytes which appeared to be at the pachytene or diplotene stages (PL 1, Figs
2, 3 and 4). Some of these were enclosed within primordial follicles consisting of
a few flattened granulosa cells (PL 1, Fig. 3). Labelled germinal cells enclosed
within a complete layer of follicle cells were only encountered in lorises treated
with both oestrogen and FSH (PL 1, Fig. 4), and larger follicles (with more than
one layer of granulosa cells) were not found in any of the treatment groups.
There were, however, some labelled germinal cells in small follicles which had
undergone atresia (PL 1, Fig. 5).

The nuclei of oogonia invariably contained a greater concentration of silver
grains/unit area than those ofoocytes. The labelling index appeared to decrease
with the progressively advanced stages of meiotic prophase and follicular devel¬
opment but it still remained consistently higher than 'background' (PL 1, Figs
2, 3 and 4).

DISCUSSION
The results of the present study have confirmed earlier observations that the
non-follicular germinal cells within 'nests' in the ovarian cortex actively
incorporate [3H]thymidine (see Anand Kumar, 1974). The occurrence of
labelled germinal cells in the ovaries of untreated lorises indicates that oogonial
divisions and DNA synthesis can occur in the sexually quiescent period, as well
as at oestrus and after hormone treatment (see also Anand Kumar, 1968b).

The appearance in the autoradiographs of labelled oocytes at pachytene
and/or diplotene was not anticipated since tritiated thymidine is normally
incorporated only into oogonia at the 'S' phase of interphase and into oocytes
at the preleptotene stage ofmeiosis. 'Unscheduled' DNA synthesis can, however,
occur after damage to chromosomes at diplotene (see Kofman-Alfaro & Chand-
ley, 1971; Chandley & Kofman-Alfaro, 1971). It has been shown for most
mammals that the minimum time for the progression of oocytes from pre¬
leptotene to diplotene is 5 days, and it is often considerably longer (see Baker,
1972). By contrast, this interval for the adult loris would have to be no more than
24 hr since this was the maximum time of exposure to the [3H]thymidine.
Alternatively, it would be necessary to postulate that late replication of some
chromosomes occurs, probably at pachytene. The 'unscheduled' nature of this
DNA synthesis has not yet been determined.

In the anoestrous loris, labelled non-follicular germinal cells do not enter
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upon a phase of follicular growth. However, animals in a similar stage of the
cycle which were treated with oestrogen did possess labelled oocytes surrounded
by one or more flattened granulosa cells : the organization of such follicles was

even more pronounced after treatment of the animals with both oestrogen and
FSH, and it might be inferred that the non-follicular germinal cells contribute
to the population of definitive oocytes during each oestrous cycle. Furthermore,
it has been shown (Anand Kumar, 1968a, b) that the number of the germinal
cells in the 'nests' within ovaries at oestrus is seventeen times higher than during
anoestrus and there is a 13-fold increase when anoestrous lorises are treated with
oestradiol- 17/L Once again, these results seem to be unique to the adult prosi-
mian primate and a comparable situation cannot be found at any stage of
oogénesis in the majority of other mammalian species which have been studied.
Thus, in human and mouse ovaries maintained in organ culture, the progres¬
sion of oogonia through mitosis and meiotic prophase occurs in the absence of
gonadotrophic hormones (Baker & Neal, 1973, 1974), and the addition of
exogenous gonadotrophic or steroid hormones does not modify or accelerate the
process (S. Challoner, unpublished observations).

The results of the present study thus reveal a number of fundamental
differences between the development of oogonia and oocytes in the ovaries of
adult lorises compared to those in other fetal mammals, and further studies
should be made of these critical stages in gametogenesis in fetal and adult
prosimian primates.

The question of whether any of the non-follicular germinal cells pass through
follicular growth to the point of ovulation remains unanswered and the results
of the present study certainly provide no evidence for such a view. This would
be very difficult to test in the light of technical difficulties in maintaining and
breeding this relatively exotic species. On the other hand, the 'nests' ofgerminal
cells may be merely an embryological curio and their seemingly bizarre beha¬
viour (as compared to equivalent germinal cell stages in other species) may be
irrelevant to the production of the definitive population of follicular oocytes.
Nevertheless, it would be interesting to speculate that the contribution of these
germinal cells is related to the formation of follicular and/or interstitial cells
that are essential for hormone production rather than to increase the gameto-
genic capacity of the ovary.
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