
76 J.E. GIRLING ET AL.JOURNAL OF EXPERIMENTAL ZOOLOGY 286:76–89 (2000)

© 2000 WILEY-LISS, INC.

Ultrastructure of the Uterus in an Ovariectomized
Gecko (Hemidactylus turcicus) After Administration
of Exogenous Estradiol
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ABSTRACT The uterus of an oviparous gecko, Hemidactylus turcicus, was analysed after ova-
riectomized females underwent a period of treatment (up to 14 days) with exogenous estradiol.
Analysis focused on the uterine mucosa, which is made up of an epithelial layer and an underly-
ing lamina propria containing the shell glands. These tissues are thought to be responsible for
secretion of the eggshell components and were thus chosen for analysis using transmission elec-
tron microscopy. In ovariectomized females, the epithelial layer was low and cuboidal with mini-
mal/no differentiation or secretory activity. Treatment with exogenous estradiol resulted in a
significant increase in cell height associated with gradual differentiation of the epithelium. Devel-
opment of non-ciliated cells included production of secretory granules (low electron density) at the
apical cell surface. The shell glands showed less obvious changes over the course of treatment.
Shell glands contained two cell types: dark cells with darkly staining nuclei and organelles, and
light cells with very indistinct nuclei and organelles, except for prominent rough endoplasmic
reticulum and free ribosomes. This study provides results consistent with published light micros-
copy studies for other reptiles and additionally provides ultrastructural details of reptilian uterine
development not previously available. J. Exp. Zool. 286:76–89, 2000. © 2000 Wiley-Liss, Inc.

The reptilian oviduct is derived from the embry-
onic Müllerian duct (Wake, ’85). Several distinct re-
gions can be observed (Palmer and Guillette, ’88),
including a uterus which, in oviparous species, is
responsible for secretion of the eggshell (Guillette
et al., ’89; Palmer et al., ’93). The uterus itself is
made up of several different tissue layers (Fox, ’77;
Wake, ’85). The innermost layer, the mucosa or en-
dometrium, consists of an epithelial layer lining the
lumen of the uterus and an underlying lamina pro-
pria of connective and glandular tissue. Under the
mucosa is the muscularis, which has both an inner
circular and outer longitudinal muscle layer. The
outermost tissue layer, the serosa, is continuous
with the peritoneum.

The reptilian eggshell has two major compo-
nents: a calcareous layer and an underlying fi-
brous layer or shell membrane (Packard et al.,
’82; Packard and DeMarco, ’91). In squamates, the
fibrous layer of the eggshell is thought to be se-
creted by alveolar (shell) glands present in the
uterine mucosa, whilst the calcareous component
is thought to be secreted by the uterine epithelial
cells (Guillette et al., ’89; Palmer et al., ’93).

Limited literature is available concerning the

action of steroid hormones in the uterus of rep-
tilian species. It is known that the uterus un-
dergoes changes over the course of a seasonal
reproductive cycle (Abrams Motz and Callard,
’91; Perkins and Palmer, ’96) and these changes
correlate with seasonal hormone patterns (for
example: Callard et al., ’78). For instance, dur-
ing vitellogenesis, estradiol is secreted by the
ovary. At the same time, development and hy-
pertrophy of the uterus occur in preparation for
gravidity (Abrams Motz and Callard, ’91; Per-
kins and Palmer, ’96). Changes that occur during
uterine development include an increase in the
number of gland cells and an increase in secre-
tory granules in both the epithelial and glandu-
lar tissue of the uterus. Similar development and
hypertrophy is seen at the light microscope level
in non-reproductive or ovariectomized females af-
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ter administration of exogenous estradiol (La
Pointe, ’69; Prasad and Sanyal, ’69; Yaron, ’72; Mead
et al., ’81; Abrams Motz and Callard, ’91). That es-
tradiol acts directly on the uterus is implied by the
presence of estrogen receptors, as reported in the
lizard Podarcis sicula sicula (Paolucci and DiFiore,
’94). In addition, the concentration of estrogen re-
ceptors in the uterus of P. s. sicula increases dur-
ing the period of oviductal growth in the spring
(Paolucci et al., ’92).

The general morphology (described using light
microscopy) of the reptilian uterus has been docu-
mented (for instance, in Gekkonidae: Picariello et
al., ’89; Girling et al., ’97, ’98). However, very little
information is available concerning the ultrastruc-
tural detail of uterine tissue, particularly changes
associated with the reproductive cycle or with hor-
monal manipulation. In this study, uterine tissues
(particularly the epithelial and glandular tissue)
from the oviparous Mediterranean gecko, Hemi-
dactylus turcicus, were analysed. Ovariectomized
females underwent a period of estradiol treatment,
after which the ultrastructure of uterine tissues
was analysed using transmission electron micros-
copy (TEM). It was expected that development and
hypertrophy of the oviduct would occur after es-
tradiol treatment, as has been reported in other
studies (La Pointe, ’69; Prasad and Sanyal, ’69;
Yaron, ’72; Mead et al., ’81; Abrams Motz and
Callard, ’91). Developmental changes expected in-
cluded cellular differentiation and hypertrophy in
the epithelial layer, an increase in the number
and size of endometrial glands, and the produc-
tion of secretory granules in both glandular and
epithelial cells. Ultrastructural details associated
with estradiol treatment will be discussed.

MATERIALS AND METHODS
Animal collection and maintenance

Female geckos (Hemidactylus turcicus, 50–60
mm snout-vent length) in early vitellogenic con-
dition were captured from building walls and win-
dows in Gainesville, Florida, in May, 1996 (n =
27). Animals were housed in plastic containers (ap-
proximately 35 × 35 × 25 cm) in a temperature
controlled room (31–32°C) with ambient photope-
riod. Water was provided ad libitum and geckos
were fed crickets every 2–3 days.

Ovariectomy
Females were ovariectomized after anaesthesia

with AErrane (Isoflurane). The geckos were fit-
ted with a small mask that was attached to a plas-

tic tube. Two to three drops of AErrane were placed
on cotton wool at the far end of the tube and the
tube sealed. Full anaesthesia took 5–10 min. A small
incision was made just left of the body mid-line (to
avoid a blood vessel) on the ventral surface of the
abdomen. Both ovaries were located from this inci-
sion and removed from the body by cauterisation.
After surgery, the incision was sutured and the
wound covered with a small amount of tissue glue.
Females were left for 1 month prior to estradiol
treatment to allow recovery from surgery and re-
gression of uterine tissues.

Experimental protocol
At the completion of the recovery period, females

were allocated to one of nine treatment groups (n
= 3 per group). Six of these groups were estra-
diol-treated groups. Treatment consisted of intra-
peritoneal injections (50 µl) of estradiol-17β
[Sigma, St. Louis, MO; 2 µg/ml in buffered Ringer
(Guillette, ’82) solution] given daily (between 0830
and 1000 am). Groups were dissected after 1, 3,
5, 7, 9, or 14 days of estradiol treatment.

The remaining three groups were termed con-
trol groups. The first of these (vehicle-only con-
trol group) received injections of vehicle solution
only (buffered Ringer solution) for 14 days prior
to dissection. The final two groups received no in-
jections and were dissected at 0 and 14 days (0-
day control group and 14-day control group).

Oviductal structure in naturally vitellogenic H.
turcicus has been analysed in a previous study
(Girling et al., ’98) and provided a comparison for
females from this experiment.

Transmission electron microscopy
After dissection, one of the two oviducts in each

female was removed (left and right oviducts were
removed alternately from different females) and
the uterus separated from other regions. Uterine
tissue was cut into small pieces (approximately 1
mm2) using a sharp razor blade. The tissue was
then processed for transmission electron micros-
copy. Tissues were initially preserved in 2.5% glu-
taraldehyde in phosphate buffer for 2.5 hr, then
post-fixed in 1% osmium tetroxide/1.5% potassium
ferrocyanide in cacodylate buffer for 1 hr. Tissues
were then dehydrated down an ethanol series and
infiltrated with agar resin. Semi-thin and ultra-
thin sections were cut using an Ultracut E (Leica
Instruments Pty Ltd, Australia). Semi-thin sec-
tions were used in morphometric analysis (see be-
low). Ultra thin sections were viewed on a Philips
EM410 microscope (Holland).
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Light microscopy
Additionally, uterine tissues from the second

oviduct of several individual females (one female
from: 9-day and 14-day estradiol-treated groups,
and 0-day and no-injection control groups; two fe-
males from: 3-day estradiol-treated group) were
processed for light microscopy. Uterine tissues
from the remaining experimental females were not
available for light microscopy due to their loss in
a laboratory accident.

Tissues were fixed in Bouin’s fixative. They were
then washed and dehydrated in ethanol (70%, 3 ×
100%), cleared in xylene, and embedded in paraf-
fin. Sections (6–8 µm) were cut and mounted on
glass slides. Slides were treated with a variety of
stains (Humason, ’79; Sheehan and Hrapchak, ’80)
including: Lillie-Mayer haematoxylin and eosin
(H&E, general histology) with an Alcian blue (pH
2.5) counterstain (stains both carboxylated and
sulfated acid mucosubstances), Mallory’s tri-
chrome (general histology and connective tissue),
and periodic-acid-Schiff ’s reagent (PAS, stains a
variety of carbohydrates, including some carbo-
hydrate-protein and carbohydrate-lipid com-
pounds) with a fast green counterstain.

Morphometrics
Epithelial cell height was estimated by measur-

ing 10 cells per animal from semi-thin sections.
Results were analysed using Datadesk (NY). Af-
ter checking for homogeneity of variance using a
Fmax test, a general linear model was used with
“individual females” nested within treatment
group. A Tukey test was used for post-hoc analy-
sis. Results are presented as mean ± SE.

RESULTS
Uterine epithelium

Light microscopy
In tissues from the 14-day control group female,

the cuboidal epithelial layer was undifferentiated
and showed no staining for carbohydrate with ei-
ther PAS or Alcian blue (Fig. 1B). The nuclei were
large, and there was relatively little cytoplasm.
This pattern was also seen in tissues from the 0-
day control group individual (Fig. 1A). In the two
3-day estradiol-treated females, the epithelium
was very similar to the 14-day control and 0-day
control group tissue (Fig. 1C). Slightly more cyto-
plasm surrounding the nuclei was noted, as was
a fine layer of carbohydrate positive staining on
the apical surface (positive with PAS and Alcian
blue). In tissue from the 9-day estradiol-treated

female (Fig. 1D), this layer of positive staining
was thicker and more distinctive. The female from
the 14-day estradiol treatment group (Fig. 1E) had
considerable carbohydrate staining within the cy-
toplasm of non-ciliated cells. Ciliated cells could
be easily distinguished. The epithelium was
pseudo-stratified columnar with elongated nuclei,
and resembled that seen in naturally vitellogenic
females (Fig. 1F, Girling et al., ’98).

These observations corresponded well with the
morphometric measurements. In comparison to
control groups, epithelial cell height increased sig-
nificantly (F(d.f.=8,18) = 35.7, P ≤ 0.0001) over the
period of estradiol treatment (Fig. 2). Treatment
groups that are significantly different from each
other are indicated in Figure 2. Epithelial height
in the vehicle-only control group was higher than
expected when compared with other control
groups. Tissue available from semi-thin sections
from the vehicle-only control group had few epi-
thelial cells with both apical and basal surfaces
visible. This may have distorted the values ob-
tained for the vehicle-only control group.

Ultrastructural analysis
The epithelial layer showed considerable varia-

tion among females within the control groups (Fig.
3). In certain individuals, regression of uterine tis-
sues appeared to be incomplete (with some cells
showing degenerating cytoplasm and organelles).
However, certain trends were noted. The epithe-
lial layer was made up of cuboidal-columnar cells
with large, circular nuclei. Different nuclei within
individual females tended to contain consistent
amounts of heterochromatin. However, amounts
of heterochromatin varied among females. A
prominent nucleolus was often seen. Nuclei were
large in relation to the volume of cytoplasm. Golgi
apparatus was often seen, but it was not exten-
sive. The apical region of many cells contained
small membrane-bound vesicles (apparently
empty) and small circlets and strands of rough
endoplasmic reticulum (RER). Mitochondria were
numerous and in many cells tended to be large.
Very few or no secretory granules were present

Fig. 1. Light micrographs of uterine tissue from ovariec-
tomized geckos, Hemidactylus turcicus. (A) 0-day and (B) 14-
day control females and (C) 3-day, (D) 9-day, and (E) 14-day
estradiol-treated females, and (F) uterine tissue from a natu-
rally vitellogenic Hemidactylus turcicus (Girling et al., ’98).
Epithelium, e; lumen, l; muscularis, m; uterine glands, g; ar-
row: layer of positive PAS staining. Scale bars = 100 µm.
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Figure 1.
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in epithelial cells. Occasionally, structures con-
sistent with lipid droplets were noted, particu-
larly at the basal region of the cells. Individual
epithelial cells often varied in staining intensity
in comparison to neighboring cells (Fig. 3A). In
cells with a pale staining intensity, organelles
were indistinct, except for the numerous RER and
free ribosomes.

In general, no differentiation of the apical sur-
face was seen in control females (Fig. 3A, B). How-
ever, very occasional ciliated cells were noted in
some individuals. Cilia on these cells tended to
be short, and often seemed to be lying just under
the apical surface of the cells (Fig. 3B). The cyto-
plasm of these ciliated cells contained numerous
small, fibrous granules (Fig. 3B). Some cells had
microvilli and/or irregularly shaped cytoplasmic
extensions at the apical surface. The glycocalyx
was distinguishable, but tended to be low and fine
(Fig. 3A). Although the apical surface tended to
be relatively uniform, in some instances cells (and
their contents) appeared to be protruding into the
uterine lumen. In one particular female (vehicle-
only control group), the cytoplasm was dominated
by large vesicles and mitochondria (Fig. 3C). The
epithelium in this female was not consistent with
other individuals and, in all likelihood, the un-
usual features correspond to fixation artefact.

Females from estradiol-treated groups at 1-day
(Fig. 4A) and 3-day (Fig. 4B) showed few differ-

ences from females not receiving estradiol treat-
ment. That is, their epithelial cells showed a ten-
dency for large rounded nuclei, few if any secretory
granules, and only the occasional ciliated cell.
There was relatively little cytoplasm in the epi-
thelial cells with comparatively small numbers of
organelles.

In females from the 5-day (Fig. 4C), 7-day (Fig.
4D) and 9-day (Fig. 5A, B) estradiol-treated
groups, some differences began to be noted. As
with groups discussed above, there was consider-
able variation among females in the different
treatment groups. Definite differences from con-
trols were not obvious until females from the 9-
day treatment group were examined.

A trend could be seen in the epithelium: cells
in control group females were cuboidal, whereas
after 14 days of estradiol treatment, the epithe-
lium was pseudo-stratified columnar (Fig. 5A).
The nuclei reflected this trend, with circular nu-
clei in control groups and elongated nuclei in 14-
day estradiol-treated females. More ciliated cells
(Fig. 5B) were noted, often with microvilli present
amongst the cilia. Some cells appeared to be in
the process of developing cilia, as cilia were no
taller than adjacent microvilli. Other cells had
unusually shaped cytoplasmic extensions extend-
ing from the apical surface. In some cells, secre-
tory granules (low electron density) were noted
at the apical surface, especially after 9 days of

Fig. 2. Uterine epithelial cell height in individual ovariec-
tomized geckos, Hemidactylus turcicus, after up to 14 days
of estradiol treatment. Error bars represent standard error.

Lower case letters indicate treatment groups significantly dif-
ferent (P < 0.05) from other groups. Bars that do not have
letters in common differ significantly.



UTERINE ULTRASTRUCTURE IN A GECKO 81

estradiol treatment. These apparently filled or re-
placed small vesicles and pieces of RER noted in
earlier stages of the experiment. Other cells, how-
ever, had the appearance of those previously de-
scribed for females not receiving any estradiol. The
variability in cell types present gave the apical
surface an irregular appearance. Individual cells
varied considerably in their staining intensities
(Fig. 4B, D).

At the completion of the experiment, females
receiving estradiol for 14 days had a developed
epithelium, resembling that seen in naturally
vitellogenic females (Girling et al., ’98), with both
ciliated and non-ciliated cells (Fig. 5C, D). The
epithelium was pseudo-stratified columnar with
elongated nuclei. Ciliated cells had numerous mi-
tochondria, predominantly above the nucleus (Fig.
5C). Microvilli were also present among the cilia.
The glycocalyx was distinctive on the epithelial
cell surface, especially amongst the cilia and mi-
crovilli. Non-ciliated cells had large secretory gran-
ules of low electron density at the apical surface
(Fig. 5D). These granules often appeared to be coa-
lescing. Some had been released, or displayed a
morphology suggestive of preparation for release,
into the uterine lumen. Small membrane-bound
blebs containing secretory material were some-
times seen protruding into the lumen. In some
non-ciliated cells, long cytoplasmic extensions into
the lumen were observed (Fig. 5C). Non-ciliated
cells had very few, if any, microvilli on their api-
cal surface (Fig. 5D).

In all epithelial cells, strands of rough endoplas-
mic reticulum, as well as many free ribosomes,
were found throughout the cytoplasm. Golgi ap-
paratus were numerous as were large mitochon-
dria. Lipid droplets were occasionally seen at the
basal regions of the cells.

Uterine glands
Two types of gland cells were distinguished (Fig.

6). The first type of cell (light cells) were consis-
tently of a low electron and staining density. The
nucleus and organelles were indistinct. However,

Fig. 3. Transmission electron micrographs of uterine epi-
thelium from ovariectomized geckos, Hemidactylus turcicus.
(A) 0-day, (B) 14-day, and (C) vehicle-only control female. Note
unusual vesicles (v) present in apical region of epithelial cells
in this particular individual. These are likely to have resulted
from fixation artifact. Basement membrane, small black ar-
row; ciliated cells, large open arrow; connective tissue, c;
darkly staining cells, d; lightly staining cells, p; lipid drop-
lets, small white arrow; microvilli, large white arrow; mito-
chondria, m; uterine lumen, l. Scale bars = 5 µm.



82 J.E. GIRLING ET AL.

free ribosomes and rough endoplasmic reticulum
were easily distinguishable and seen throughout
the cytoplasm. In the second cell type (dark cells),
the cell nuclei and cytoplasm were considerably
more dense and organelles were very distinct.

Light microscopy
In the 0-day and 14-day control group females,

and the 3-day estradiol-treated female, glands
were surrounded by large amounts of connective
tissue (Fig. 1A–C). The cells were small and cuboi-
dal with very little cytoplasm visible. In tissue
from 9-day (Fig. 1D) and 14-day (Fig. 1E) estra-

diol-treated females, and in naturally vitellogenic
females (Fig. 1F), gland cells were more colum-
nar with nuclei situated basally. Considerably
more cytoplasm was visible. Many more glands
were present in the mucosa and very little con-
nective tissue was present in comparison to pre-
vious groups. Gland cells did not stain with either
of the carbohydrate stains.

Ultrastructural analysis
In females from the control groups, glands

tended to be surrounded by large amounts of con-
nective tissue (Fig. 7A, B). Nuclei were large and

Fig. 4. Transmission electron micrographs of uterine epi-
thelium from ovariectomized geckos, Hemidactylus turcicus.
(A) 1-day, (B) 3-day, (C) 5-day, and (D) 7-day estradiol-treated

females. Darkly staining cells, d; Golgi apparatus, black ar-
row; lightly staining cells, p; lumen, l; nuclei, n; secretory
granules, s. Scale bars = 5 µm.
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contained variable amounts of heterochromatin.
Relatively small amounts of cytoplasm were
present. Considerable interdigitation of dark
staining cell membranes between glandular cells
could be seen. Occasional microvilli were found
on the apical surface of glandular cells lining the
lumen. Usually, no material was noted in the lu-
men of glands. The glands were made up predomi-
nantly of light cells with obvious rough endoplasmic
reticulum and ribosomes. However, some dark
cells were present. In these cells, distinct areas
of Golgi apparatus were apparent, mitochondria
were common and easily distinguished, and vari-

ous vesicles (sometimes large) and lysosomes were
also visible. Numbers of secretory granules varied
between individual cells. In some, few granules were
visible in the plane of section. In others, granules
were numerous and were seen to be in the process
of formation. What appeared to be lipid droplets
were also seen in the cytoplasm.

Ultrastructural changes in gland cells were not
as distinct as differences noted in the epithelial
cells. Few differences were noted in females from
1-day, 3-day, and 5-day estradiol-treated groups
in comparison to females not receiving estradiol
treatment (Fig. 7C).

Fig. 5. Transmission electron micrographs of uterine epi-
thelium from ovariectomized geckos, Hemidactylus turcicus.
(A, B) 9-day and (C, D) 14-day estradiol-treated females. Cilia,

black arrow; cytoplasmic extensions, open arrow; lumen, l;
microvilli, white arrow; secretory granules, s. Scale bars (A,
B) = 5 µm; (C, D) = 1 µm.
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However, females in the 7-day (Fig. 7D) and 9-
day (Fig. 8A) estradiol-treated groups did exhibit
some differences. Dark cells tended to make up
glands that were closer to the epithelium. Light
cells appeared in glands nearer to the muscle
layer. This trend, however, was not consistent in
all females and many glands were still made up
of a mixture of light and dark cells. There was
also a reduction in the amount of connective tis-
sue that surrounded the glands. Numerous secre-
tory granules were usually seen in individual
gland cells, as were occasional lipid droplets.
Granules in the process of formation were com-
mon, as were various vesicles.

In females from the 14-day estradiol-treated
group, glands tightly filled the mucosa with little
connective tissue. Aggregations of heterochroma-
tin were present in the nuclei. Individual gland
cells consistently contained numerous secretory
granules (Fig. 8B, C). Both light and dark cells
could be seen, but differences between the two cell
types were not as distinct because the staining
intensity between cell types was not as strong.
Mitochondria were common and tended to be elon-
gated and relatively small. Other vesicles contain-
ing various amounts of granular material were
common. Interdigitation between cell membranes
was often seen. Extensive areas of RER and Golgi
apparatus were present.

Many cells from glands in the 14-day estradiol-
treated females appeared unhealthy (Fig. 8B). In
places, the cytoplasm was breaking apart and
vesicles also seemed to be disintegrating. This may
be degradation due to tissue processing or may
represent dying cells. Similar observations were
made for naturally vitellogenic females, except dif-
ferences between light and dark gland cells were
not noted (Girling et al., ’98).

DISCUSSION
Administration of exogenous estradiol to ova-

riectomized, oviparous geckos (Hemidactylus
turcicus) resulted in changes in uterine tissue in-
cluding an increase in epithelial cell height, in-
creased secretory activity in the epithelial layer,
and a reduction in the amounts of connective tis-
sue surrounding gland cells. Similar results con-
cerning the uterus and other regions of the oviduct
have been reported for other reptilian species at
the light microscope level (Klauberina riversiana,
La Pointe, ’69; Hemidactylus flaviviridis, Prasad
and Sanyal, ’69; Sceloporus cyanogenys, Callard
et al., ’72; Xantusia vigilis, Yaron, ’72; Cnemi-
dophorus inornatus and C. neomexicanus, Chris-
tiansen, ’73; Thamnophis elegans, Mead et al., ’81;
Chrysemys picta, Abrams Motz and Callard, ’91).
This study shows that these generalized changes
are associated with more detailed ultrastructural
changes. The increase in secretory activity in the
uterus of H. turcicus, for instance, was a result of
the development of low electron dense secretory
granules in the apical region of non-ciliated cells.

Similar developmental effects of exogenous es-
tradiol are noted in other vertebrate groups. In
birds and mammals, unlike reptiles, a substan-
tial body of research is available concerning ul-
trastructural detail of the reproductive tract and
the influence of estradiol. For instance, adminis-
tration of estradiol to ovariectomized cats restored
the Fallopian tube to a fully differentiated state
(Verhage and Brenner, ’75; Bareither and Verhage,
’81), a process which included ciliogenesis (a
multiphase process discussed in detail in Verhage
and Brenner, ’75). Additional ultrastructural
changes in the Fallopian tube of the ovariecto-
mized cat include an increased amount of polyri-
bosomes, mitochondria and Golgi apparatus over
the course of estradiol treatment (Verhage and
Brenner, ’75). Differentiation of secretory cells in-
cluded development of basal rough endoplasmic
reticulum and a large Golgi region. Secretory gran-
ules were noted after 3 days of estradiol treat-
ment (Bareither and Verhage, ’81). Ultrastructural

Fig. 6. Light micrograph of uterine tissue from an ova-
riectomized gecko, Hemidactylus turcicus, after 7 days of es-
tradiol treatment. Note: dark staining cells (black arrow) and
light staining cells (white arrow). Epithelium, e. Scale bar =
50 µm.
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changes noted by Verhage and Brenner (’75) in-
cluded the conversion of chromatin from a con-
densed to a dispersed state. A consistent change
of chromatin state was not noted in H. turcicus
during this study. This may be due to individual
variation among the different females.

The process of ciliogenesis and secretory cell dif-
ferentiation was also reported to be estradiol-de-
pendent in the chick oviduct (Anderson and Hein,
’76), cat uterus (Bareither and Verhage, ’80), and
the Fallopian tube of the baboon (Verhage et al.,

Fig. 7. Transmission electron micrographs of uterine
glands in ovariectomized geckos, Hemidactylus turcicus. (A)
0-day control, (B) vehicle-only control, (C) 3-day, and (D) 7-
day estradiol-treated females. Connective tissue, c; darkly

staining cells, d; Golgi apparatus, black arrow; interdigita-
tion of gland cell membranes, large white arrow; lightly stain-
ing cells, p; lipid droplets, small white arrow; lumen, l; nuclei,
n; secretory granules, s. Scale bars = 5 µm.

’90), pig-tailed monkey (Odor et al., ’80), and the
newborn golden hamster (Abe and Oikawa, ’93).

Prior to estradiol treatment, female geckos were
ovariectomized to remove the natural source of
estradiol and allow the uterine tissue to regress.
Mead et al. (’81) noted that ovariectomy signifi-
cantly reduced the height and secretory activity
of both luminal and glandular epithelium, al-
though numerous cells were still ciliated, in the
snake Thamnophis elegans. In this study also, a
few ciliated cells were noted in ovariectomized H.
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Fig. 8. Transmission electron micrographs of uterine glands
from ovariectomized geckos, Hemidactylus turcicus. (A) 9-day
and (B, C) 14-day estradiol-treated females. Darkly staining

cells, d; Golgi apparatus, black arrow; lightly staining cells,
p; lipid droplet, white arrow; lumen, l; nuclei, n; secretory
granules, s. Scale bars (A, B) = 5 µm; (C) = 1 µm.

turcicus. This may indicate that the uterine tis-
sue had not fully regressed in the time period be-
tween ovariectomy and the beginning of estradiol
treatment. It may also be that a remnant popula-
tion of ciliated cells remained in the regressed
uterus for basic functions such as movement of
mucus and cellular debris. A further study com-
paring oviductal regression following ovariectomy
and normal seasonal regression, over a time pe-
riod longer than one month, would provide inter-
esting information.

The general structure of the uterus (and other

regions of the reptilian oviduct) has been described
(Palmer and Guillette, ’88; Picariello et al., ’89;
Perkins and Palmer, ’96). However, very little ul-
trastructural detail is available (Aitken and
Solomon, ’76; Palmer and Guillette, ’92; Girling
et al., ’97, ’98). We have previously (Girling et al.,
’98) described the uterus of H. turcicus during the
later stages of vitellogenesis. At this stage, the
uterus shared similarities with the uterus in ova-
riectomized females after estradiol treatment.
This included numerous secretory granules within
glandular cells, some of which appear to be in the
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process of formation. In the epithelial layer, non-
ciliated cells contained secretory granules of low
electron density in the apical region of the cell.
Organelles present within the cells were the same.

Ultrastructural information provided by Aitken
and Solomon (’76) was based on two animals. They
described two glandular regions within the ovi-
duct of the green turtle Chelonia mydas. The more
caudal of these regions was the “region of shell
formation” or uterus. As with H. turcicus, glan-
dular cells contained variable numbers of osmio-
philic secretory granules. Golgi apparatus was
prominent and complex. Unlike H. turcicus in this
study, however, gland cell boundaries were described
as uncomplicated with few interdigitations. In the
alligator (Alligator mississippiensis), the uterus was
divided into anterior and posterior regions (Palmer
and Guillette, ’92). The anterior uterus produces
the shell membranes, and the glands in this region
contained numerous electron-dense secretory gran-
ules. In the posterior uterus, which secretes the cal-
careous component of the eggshell, gland cells did
not contain secretory granules (Palmer and Guil-
lette, ’92).

Ultrastructural information available in the lit-
erature for reptiles does not discuss differences
of staining intensity in the glandular (light and
dark cells) or epithelial cells. In ovariectomized
cats, differences in staining intensity of epithe-
lial cells were related to cell type (Verhage and
Brenner, ’75). Ciliated cells were less osmiophilic
(lower staining intensity) than non-ciliated cells.
This may well be the case in H. turcicus. Lighter
staining cells in the epithelium may be those that
will ultimately differentiate into ciliated cells. Dif-
ferences in staining intensity were most distinct
in cells of the shell glands. However, no ultrastruc-
tural information is available for H. turcicus in
the post-parturition/early vitellogenic reproductive
stages. Therefore, it is possible that differences
in gland cell staining intensity may represent an
artifact of hormone manipulation. Differences may
also represent differences in the function or ac-
tivity level of different cells. More research is
needed to distinguish between these possibilities.

At the completion of estradiol treatment, the
uterus of H. turcicus resembled the uterus of natu-
rally vitellogenic females (Girling et al., ’98). How-
ever, although estradiol is known to be the primary
hormone associated with oviductal development, it
is highly unlikely to act in isolation. In Cnemid-
ophorus inornatus and C. neomexicanus, oviductal
hypertrophy could be induced by estriol, estrone,
or estradiol (Christainsen, ’73). Limited develop-

ment was also noted with administration of test-
osterone and testosterone propionate. In non-re-
productive Lacerta sicula, administration of
pregnant mare serum (PMS) stimulated the ova-
ries, as well as causing hypertrophy of the ovi-
duct (Botte and Basile, ’74). In ovariectomized
females, PMS did not induce morphological
changes. However, increased levels of DNA and
protein content, and phosphatase activity, were
noted (Botte and Basile, ’74). This suggests that
gonadotropins could act directly, or at least inde-
pendently of ovarian steroids, on the oviduct.

Estrogen receptors have been noted in the ovi-
duct of reptilian species and their concentration
changes over a reproductive cycle (for instance:
Paolucci et al., ’92; Paolucci and DiFiore, ’94;
Giannoukos and Callard, ’96). In Podarcis s.
sicula, estradiol receptor concentration increased
during the period of oviduct growth (vitellogen-
esis) in the spring (Paolucci et al., ’92; Paolucci
and DiFiore, ’94). Receptor levels were higher in
the cytosol in quiescent as compared to vitellogenic
oviducts, but during growth there was an increase
in nuclear sites. In non-reproductive, ovariecto-
mized females, estradiol treatment increased es-
trogen receptor number and caused a shift of
receptors from the cytosol into the nuclear com-
ponent (Paolucci et al., ’92; Paolucci and DiFiore,
’94). In the turtle Chrysemys picta, ovariectomy
significantly reduced estrogen receptor levels in
the oviduct (Giannoukos and Callard, ’96). How-
ever, administration of estradiol did not restore
estrogen receptor levels. This is an unusual re-
sult when considering the effects of estradiol on
oviductal development. If estrogen receptor num-
ber usually increases during vitellogenesis, a simi-
lar effect would be expected in ovariectomized
females after estradiol treatment.

The mechanism by which the reptilian eggshell,
produced by the uterus, is secreted is not fully
understood. The fibrous component of the eggshell
is secreted by the alveolar glands found in the
uterus (Guillette et al., ’89; Palmer et al., ’93).
Material secreted by the endometrial glands coa-
lesces into a fiber as it is extruded from the gland
opening (Palmer and Guillette, ’92; Palmer et al.,
’93). The fiber is then wrapped around the egg.
Geckos produce up to two large, yolky eggs. In
Hoplodactylus maculatus (viviparous), the pres-
ence of these eggs in the uterus after ovulation
caused tissues to be highly stretched, leaving only
a very fine epithelial layer covering the muscu-
laris (Girling et al., ’97). The connective tissue of
the mucosa was hardly visible, if at all, and the
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few glands which were present during vitellogen-
esis were absent during pregnancy. If similar
stretching is seen in oviparous gecko species, in-
cluding H. turcicus, it suggests a mechanism by
which the shell membrane is secreted. As the egg
enters the uterus it stretches the epithelial and
glandular cells of the mucosa. This may trigger
or force the gland cells to release their secretory
contents. Or, individual glandular cells (or a sub-
set of cells) may themselves be budded off, their
contents forming the shell membrane. These pos-
sibilities are supported by certain features. Both
the epithelium and gland cells of H. turcicus were
bounded by a thick basement membrane suggest-
ing that stretching is possible. In H. turcicus, at
the completion of estradiol treatment and in
vitellogenic females, many of the gland cells ap-
peared to be dying. These may be cells that will
be budded off and contribute their contents to for-
mation of the eggshell fibers. In other reptilian
species, this extreme stretching of the uterus is
not seen (Guillette et al., ’89) and glands remain
intact.

The process of eggshell formation has been de-
scribed in birds (Tullett, ’87). Certain details, how-
ever, appear to be sketchy. The calcium needed
for the eggshell is secreted in the tubular shell
gland and shell gland pouch regions. In several
instances, the gland cells of these regions are re-
ported to be responsible for secretion of the cal-
cium component (Johnston et al., ’63; Breen and
DeBruyn, ’69; Wyburn et al., ’73; Tullett, ’87). In
another report, the epithelial layer of these re-
gions is thought to be responsible for secretion of
the calcareous component (Solomon et al., ’75).
Solomon et al. (’75) used potassium pyroanti-
monate to localize/precipitate calcium ions. Depos-
its were seen in epithelial cells of both the tubular
and pouch regions of the shell gland, but not in
the isthmus, and no deposits were seen in the tu-
bular gland cells of either the shell gland or isth-
mus. In reptiles also, the source of calcium is not
definitely known, although some evidence sug-
gests the epithelial layer is responsible. For in-
stance, in Crotaphytus collaris but not Eumeces
obsoletus, secretory cells in the uterus stain posi-
tively for calcium during gravidity (Guillette et
al., ’89). Further specialized techniques will be re-
quired to visualize the source of calcium in H.
turcicus and elucidate the hormonal mechanisms
controlling its sequestration and secretion.

In summary, treatment of ovariectomized female
geckos caused hypertrophy and differentiation of
the uterine tissue. Ultrastructural changes asso-

ciated with an increase in epithelial cell height
and secretory activity have been discussed. Un-
usual cell types were noted, particularly in the
shell glands. The reason for these differences is
not known, although it may reflect differences in
the function of cells. The results from this study
are consistent with other reports in reptilian spe-
cies, as well as mammals and birds, but also pro-
vide further ultrastructural information not
previously available for reptiles.
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