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warrant further investigation as to the  poss ible role of 
t hese substances on se.xual different iat ion.  

CONC LUSIONS 

Although the  s tudy of sex  determi nat ion and,  to a 
lesser extent,  sexual d ifferentiat ion in rept i les have 
received a great deal of attent ion during the past 
decade, m ore work is n eeded to fil l  l arge gaps in  our 
understanding of these phenomena in rept iles (and 
other vertebrates as well) .  For example, reptiles 
exhibit ing TSD are su itable for studies of geographic 
and interspecific variat ions in  those parameters wh ich 
affect sex ratios .  Such studies would aid i n  
unders_tanding t h e  coevolution of sex determinat ion,  
reproductive biology, sex ratio, and b iogeography. 
Further areas of  i n terest include: the determination i f  
factors other than temperature influence sex  deter­
mination;  the type(s) of sex determ i n i ng mechanism(s) 
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found in amphisbeanids and the tuatara; differences in 
the responses to hormone between species exhi bit ing 
TSO and those with GSD; and the search for a species 
that exhi bits both GSD and E SD. This smal l  sample of 
the i ssues wait ing to be resolved ind icates that studies 
of sex determ inat ion and sexual d ifferentiation in 
rept i les w i ll be ferti le areas of inqu iry for years to 
come. 
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A BSTRACT 

The influence of  exogenous testosterone on the epidermal glands i .e .  f3-glands and pre-a nal glands,  of 
Hemidactylus jlaviviridis was studied 1 5  and 30 days post treatment during breeding and non-breeding phases of 
gonadal cycle .  Parameters l ike length and breadth of pre-anal glands and their cel lular and nuclear di mensions, 
appearance offurth er development of  f3-glands were considered. In general , i t  was found that the changes observed 
30 days post treatment  were m ore o bvious, however, 1 5  days of treatment d i d  influence both the glands studied,  to 
some extent. Also the exogenous hormone showed pronou nced effect during non-breeding period than during the 
breeding period. 

I NTRODUCTI O N  

Sexual dimorphism in  terms o f  h olocrine epidermal 
specialization in gekkonines has been confirmed by 
Maderson and others (Maderson,  1 970; M aderson and 
Chiu, 1970; Menchel and Maderson, l 97 1 ,  1 975) .  It has 
also been observed by Chauhan ( 1985) that only males 
of Hemidactylus jlaviviridis p ossess the epidermal 
glands, i .e .  pre-anal glands and f3-glands and females 
do not possess any of these. lt was also observed that 
pre-anal glands' activity varied with respect to 
testicular cycle (Chauhan and Chauhan, 1985) .  The 
pre-anal glands are ho locrine structures which open on 

the ventral fem oral s ide through pores , whereas f3-
glands are nothing but glandular cells developed 
wi th in  the epidermal cell layers . 

The effects of sex steroids (chiefly the androgen) on 
the epidermal glands of different gekkonid l izards have 
been extensively studied ( Maderson and Chiu,  1974; 
Ch iu  et al., 1 970, 1975 and Maderson et al., 1 979) . 
Their fi nd ings suggested that only m ales have pre-anal 
glands and not females.  It was also proposed that the 
d i fferentiat ion of epidermal glands involved a 
synergist ic action between androgens and hormones 
responsible for shedding. 
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There was no such study reported on the influence of 
androgens in the epidermal glands of a gekkonid 
l i zard , Hemidactylusjlaviviridis, with the observations 
during breeding and non-breeding phases separately . 
Therefore , it was deemed worthwhi le  to see the 
i nfluence of exogenous testos terone  on the epidermal 
glands, during breeding and non-breeding phases of 
the gonadal cycle .  

MATERIAL AND METHODS 

The adult  l i zards (H.jlaviviridis) of both the sexes 
were obtained tw ice during the year, once around mid­
February and secondly in  the beginn ing of July,  i . e .  
during t h e  breed i ng and non-breeding periods 
respectively from a local dealer (Baroda, I ndia).  They 
were maintained on the diet of cockroach-nymphs. 
Water was provided ad libitum. Prior to experi­
mentation , l i zards were allowed a week's accli ­
mat ization t o  the cage condit ions. Sloughing cycle was 
followed for every l i zard to decide stages of sloughing 
cycle. It  was observed that the interslough period on an 
average was of 22 days. L izards were treated on the day 
after s loughing, i . e .  having either stage-0 or stage- I (for 
details on stages,  see Maderson,  l 966) for the  purpose 
of 13-gland studies .  The ani mals of the same weight 
group ( 1 8-20 gms) were than isolated in  two groups as 
fol lows: 

Group l:  Males (H. flaviviridis) .  

Group 2: Females (H. jlaviviridis). 

Each group was made up of seventy an imals .  Ten 
l izards were sacrificed at the beginning of experi ments 
and designated as untreated normals at zero day (N°). 
From the remain ing an imals ,  one th ird of each group, 
i .e .  20 l i zards, served as experim ental controls (EXC),  
20 li zards as  experimen tals (EX), and rest 20 as  the 
normal contro ls  (NC).  The 'EX' l izards were given 
intramuscular i njections of testosterone propionate 
(Sigma, st .  Louise, USA) (200 ug of  testosterone in 
I ml of 0.  9 per cent sal ine) ,  on  alternate days ,  each time 
0.05 ml per 20 gms of body weight of hormone was 
given .  'EXC' ani mals were i njected with 0.05 ml of 
0 .9  per cent saline only and no hormone per 20 gms of 
body weight ,  'NC' animals were not treated in any 
manner. 

The experimental and control animals were 
sacrificed at the  end of 1 5  days (EX15 and EXC15 
respectively) ,  and 30 days (EX30 and EXC30 

respectively), under hypothermy .  
The gross morphometric o bservat ions ,  i . e .  pore 

d iameter, lengt h  and breadth  of pre-anal glands were 
made using a micrometer fitted to an occular eyepiece 
of stereozoom d issect ion microscope. 

The histological preparations for pre-anal glands 
and 13-glands were obtained as descri bed earlier 
(Chauhan,  1 985) .  The nuclear and cellular d iameters 
were measured wi th the  help of calibrated occular 
m icro meter at considerabl y  h igher magnifications.  
Student ' t'  test  was performed for all these parameters 
and ' P' values were derived to record s tat i s t ical 
s ignificance. Increase in  terms of percentage was 
calculated for pore d iameters . Al l  these resul ts  have 
been recorded in respective tables .  

RES ULTS 

I. OBSERVATIONS D U R I NG NON-BR E E D I NG PHASE OF 

GONA DAL CYCLE: 

Group 1 :  
(a) Pre-anal glands: 
The exogenous hormonal treatment  for 1 5  days did 

not reveal s ignificant al terations i n  pre-anal gland 
length , breadth and nuclear d iameter (Tabl e  l ) , 
however , cell d iameter showed considerable change 
(P<0.05) .  Whi le  treat ment for 30 days showed 
statist ically s ignificant changes in gland length and 
d iameters of  cel ls and nuclei .  I t  was interesting to note 
that gland breadth remained unaffected even after 
treatment  for 30 days .  Pore diameter increased after 1 5  
and 30 days of  treatment (Table 1 ). Thus the 
microscopic struct ure of pre-anal gland proper showed 
a prol i feration due to exogenous hormonal treatment .  
Thi s  was c learly evident ,  especially in  germinal cells 
(GC) and i nner d ifferent iat i ng cells ( I DC) (Fig. 2) of 
treated l i zards when compared to normal/control ones 
(Fig.  I). Mitot ic figures were also common in G C  and 
I D C  of treated ani mals (EX30) ,  indicati ng active 
prol i ferat ion.  Eos inophil ia of d ifferent iati ng cells in 
glands of EX30 l izards also increased s imul taneous ly .  
I n  s hort , the pre-anal glands of EX30 ani mals ,  even 
during non-breeding phase assumed that state of 
development which resembled to  those of recrudescent  
phase of gonadal cycle of normal l izards. 

(b) 13-glands: 
Normal ly  13-glands in the epidermal layers are found 

to develop during the breeding period .  However, the 
treatment with testosterone during the non-breeding 
period resulted in the development of 13-glands . It was 
observed that the  development of 13-glands. It was 
observed that the  development of 13-gland was 
dose-dependent .  

Group 2: 
(a) Pre-anal glands: 
These are normal ly  absent in this group and the 

treatment did not al low the development of pre-anal 
glands. 

(b) 13-glands: 

13-glands are also absent in  this group, however, 
exogenous testosterone resulted in the development of 
13-glands. It was fou n d  t hat the glandular development 
was dose-dependen t .  

J I .  OBS E RVATIONS D U R I NG BRE E DlNG PHASE OF 

GONA DAL CYCLE: 
Group 1 :  
(a) Pre-anal glands: 

There was not m uch d ifference in the pre-anal 
glands of normal controls ( Fig .  3) and treated ones 
(Fig. 4), except for the fact that cell d iameter showed 
s ignificant difference.  Rest of  the parameters namely 
pre-anal glands' length breadth  and nuclear diameters 
d id not show statist ical ly s ignificant changes when 
compared to those of controls (Table 1 ) . 
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(b) 13-glands: 

13-glands also did not show any significant variation 
in the treated animals when compared to the controls. 

Group 2: 
(a) Pre-anal glands: 

As stated earlier, pre-anal glands are absent in this 
group and could not be induced to develop with 
exogenous hormone treatment. 

Non-breeding phase 

(b) 13-glands: 

13-glands are also absent in this group (Fig. 5) but  the 
treatment with testosterone was found to induce their 
development.  The development of 13-glands was dose 
dependent (Fig. 6 and 7). 

Since the development of 13-glands due to exogenous 
testosterone, in this group was similar during breeding 
as well as non-breeding periods, illustrations for only 
during breeding period are provided . 

Breeding phase 

Length Breadth Pore Nuclear Cellular Length Breadth Pore Nuclear Cell ular 
dia- diameter diameter dia- diameter diameter 

meter meter 
(mm) (mm ) (µ) (µ) (µ) (mm) (mm) (µ) (µ) (µ) 

No I. I± 0.1 1. 0 ± 0.3 1 70 4 . 7  ± 0. 1 9. 1 ± 0.5 3. 1 ± 0.6 1 .3 ± 0.6  1 85 6 .3  ± 0.6  1 1 .S ± 0.  2 
NC '5 I. I ± 0. 1 I. I ± 0.0 1 73 4.8 ± 0. 1 9.3 ± 0.4 3. 1 ±0.4 1 . 3±0. 7  1 86 6.8 ± 0.8 1 1 .6±0.5 
EXC15 1.2 ± 0.5 1 . 1  ± 0. I 1 73 4.7 ± 0. 3 9 .3  ± 0. 1 3.2 ± 0.7 1 .4 ± 0.5 1 85 7.0 ± 0.6 11.8 ± 0. 4 
EX15 1 .2 ± 0. 0 I. I ± 0. 1 1 74 4.9 ± 0.0 1 0.2  ± 0.1 3 .2±0.3 1 .5 ± 0.0 188 6.9±0.4 1 1 .9±0.4 

Significant NS NS 2.35** ( P<0. 1 0) P<0.05 NS NS 1 . 62** NS NS 
at the NS 
level* 

NCJo 1.3 ± 0.3  1 .2 ± 0.4 1 78 4.8 ± 0.5 9 .3  ± 0. 3 3.2 ± 0.5 1 .5 ± 0.4 189 7.0 ± 0.5 11.9 ± 0.0 
EXC30 1 . 3  ± 0. 2 1 .2 ± 0.0 1 77 4.8 ± 0.6  9.4 ± 0.0 3.2±0. 6  l .S ± 0.6 188 7. 3 ± 0.1 11. 9±0.3 
EX30 1.8 ± 0.3 1 .4 ± 0. I 1 80 5.4 ± 0.0 1 0 . 7  ± 0.2 3.3 ± 0. 1 1 .6 ± 0. I 190 7.6±0.3 12 . 7±0.4 

Significant P<0.05 NS 5.88** P<0.00 1 P<0.0 1 NS NS 2. 70** (P<O. 1 0) P<0.05 
at the NS 
level* 

* P values refer to differences between N° and EX'5; N° and EX30 periods. The student's 't' test was used to analyze differences in 
means. NS means non-significant (i .e.  P<0.05). 

** Depicts per cent increase, values of EX15 and EX30 compared with N°. 

TABL E  I: Effects of exogenous treatment of testosterone in various components of pre-anal glands of male Hamidactylus 
flaviviridis. Mean value ± S .E .M.  

D ISCUSSION 

The present observations explain the involvement of 
an androgen (testosterone) in the development of 
epidermal glands in gekkonid lizards and i ts effect is  
dose-dependent. The development of 13-glands in case 
of females and also in males during the non-breeding 
period with hormone treatment is suggestive of the fact 
t hat the germinal epithelium of these scales (epidermis) 
respond to androgens by producing glandular 
elements and this development is dose-dependent .  This 
kind of response could be better expressed in presence 
of sufficient androgenic stimulus. 

The development of 13-glands but not the pre-anal 
glands in case of treated females is suggestive of the 
fact that the 13-glands are more responsive than pre­
anal glands to androgens. Thus, it seems that germinal 

epithelium of epidermal layers responded to the 
androgenic stimulus but not that of pre-anal glands. 
Probably, the germinal layer of pre-anal gland would 
respond ,  if optimum levels of androgens for enough 
duration are maintained. 

In  the males, the pronounced effect of exogeno us 
testosterone was evident only during non-breeding 
period, while during breeding period it seemingly had 
no effect. It could be realized from these observations 
that beyond certain level, testosterone exerts no 
additive influence either due to a feedback mechanism 
or due to a specific maximum threshold sensitivity of 
these target organs to such sex steroids. Thus, a direct 
effect of exogenous testosterone on epidermal glands 
appears to support the views expressed by Maderson, 
Chiu and others (Maderson and Chiu, 1 970, 1 98 1 ; 
Maderson et al., 1 977, 1 979). 
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PLATE 1 Photomicrographs of the pre-anal glands of male H. flaviviridis 

Fig. 1 Pre-anal gland of normal lizard during non-breeding period. 
Note smaller cells with healthy nuclei; gland as such was also of smaller size. 

Fig. 2 Pre-anal gland of testosterone treated (for 30 days) lizards during non-bre�ding period. 
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Note increase in cell size and glanqular mass. Some of the nuclei are unhealthy and cells having them are very large. Gland shows 
characters similar to that of breeding phase. 

Fig. 3 Pre-anal gland of normal lizard during breeding period. 
Note the hypertrophy of the gland. Compare it with Fig. 2. 

Fig. 4 Pre-anal gland of testosterone treated (for 30 days) lizards during breeding period. 
Note that the gland structure does not differ much than that observed during breeding period of untreated lizards, i.e. Fig. 3. 
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PLATE 2 Photomicrograph.s of the epidermis of female H. flaviviridis. 

Fig. 5 Epidermis of the untreated (normal) lizard (decapitated after 30 days, along with treated lizards for 30 days). 

Note the abscence of 13-gland, but epidermis is in stage-4 of sloughing cycle. 

Fig. 6 Epidermis after 15 days of testosterone treatment. 
Note moderately developed B-gland. 

Fig. 7 Epidermis after 30 days of testosterone treatment. 
Note well developed 13-gland. 
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