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CHAPTER 13

UNILATERAL ADRENALECTOMY AND TAIL REGENERATION IN THE 

GEKKONID LIZARD, HEMIDACTYLUS FIAVIYIRIDIS

Although considerable interest has been directed towards 

the study of hormonal control- of regeneration, specific role 

of endocrine glands is yet to be clarified. The suspicion 

that cellular properties did not play so dominant a role in 

regeneration became a near certainty when endocrinological 

factors in regeneration were reexamined in the light of 

discoveries made by mammalian endocrinologist in regard to 

the pituitary-adrenal synergism under stress conditions 

(Selye, 1947; Selye and Stone, 1950). Schotte and Hall 

(1952) proposed, that, in a manner akin to mammalian, 

endocrinology, the role of pituitary in urodele regeneration 

was probably confined to the stimulation of adrenal cortex 

after amputational stress. On the basis of a series of 

experiments, Schotte et al. (1961) postulated that the 

pituitary adrenal synergism is a major controlling factor 

especially in the' early stages of limb regeneration in 

urodeles, which includes wound healing and differentiation. 

Contradictory views were reported regarding the involvement 

of adrenal on regeneration. In frogs, regenerative process 

was induced by an hyperadrenal state (Schotte and Wilber,
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1958), while in the rat, an enhanced liver regeneration 

bccurred due to adrenalectomy (Lucia, 1974; Trepstra _et al., 

1979). Due to the relative lack of information on these 

aspects in reptiles, it was deemed important to study the 

involvement of adrenal in lacertilian tail regeneration. 

Metapirone reportedly failed to reduce adrenocorticosteroids 

in fishes (Liversage at ad.;, 1971). So, usage of metapirone 

to supress the secretion of adrenocorticosteroid was not 

thought fruitful. Further, bilateral adrenalectomy and even 

minute doses of aniline were found to be lethal. Hence, in 

the present study, unilateral adrenalectomy was performed 

to study the possible alterations, if any, in the rate of 

regeneration in the house lizard, Hemidactylus flaviviridis 

under hypoadrenalism, as a preliminary step.

It has been reported, that adrenal steroid hormones 

exert marked effect on carbohydrate and protein metabolisms 

(Britton and Silvette, 1932). Adrenalectomy results in 

reduced responsiveness of glvcogenolysis arid phosphorylase 

to glucagon activation (Timothy et al., 1979), decreased 

serum insulin level (Losert et al., 1970), induces 

hypoglycemia and low tissue glycogen content (long _et al., 

1940) and reduce absorption of glucose from the intestine 

(Chin and Wang, 1979). Contradictory views were reported 

regarding the influence of adrenal steroids in protein 

synthesis (Ronald et al., 1979; Lafont and Pi Ion,' 1975).
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Adrenalectomy resulted in reduced synthesis and increased 

degradation of ascorbic acid in the liver and kidney of rats 

(Nathani et al., 1971). Alkaline phosphatase activity changed 

after corticosteroid administration (Simmons and Kunin, 1967; 

Silbermann et al., 1977b; Majumudar, 1981 )i. The importance 

of adrenal gland on repair and regeneration and that of 

ATPase in repair synthesis (Robert and Michael, 1979) and
and

of regeneration (Wolburg^ 1981) have also been suggested. In 

the light of the above mentioned relations between adrenal 

secretion and various physiological parameters, a quantitate 

evaluation of blood glucose, tissue glycogen, protein, 

ascorbic acid, phosphatase and ATPase were also undertaken 

during various stages of regeneration under the condition of 

unilateral adrenalectomy.

MATERIALS AND METHODS

Adult H. flaviviridjs (10-12 grams weight), collected 

from the local animal dealer, were kept in the laboratory for 

a fortnight prior to experimentation. They were divided into 

three groups. First group of animals (6 males and 6 females) 

was subjected to surgery under hypothermia for unilateral 

adrenalectomy (UAX) by a lateral abdominal incision. Second 

group was subjected to sham ■ operation. Third group was kept 

as such to serve as the intact controls. After 12 days post-
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operation (time alloted for the healing of the surgical 

wound), tails of all the lizards were autofomised two to 

three segments away from the vent. The rate of growth of 

the regenerates in all the three groups were measured along 

with the quantitative estimations of blood glucose (Folin 

and Malmros, 1929) tissue glycogen (Seifter et al., 1950), 

protein (Lowry et al., 1951), ascorbic acid (Roe, 1954), 

acid and alkaline phosphatase (Sigma Technical Bulletin No. 

104 using PNP as substrate) and Na+ K+ ATPase (Stas try,- 

1971; Fiske and SubbaRaw, 1925).

RESULTS
*

Although there was a 24 hrs delay in the formation of 

a blastema in UAX lizards, the regenerate was well formed in 

size when compared to the normal (unoperated) ones.

Blood glucose was very much reduced in UAX animals and 

showed an increase till the 3rd day post-autotomy, in 

contrast to the other two groups, where the glucose level 

decreased. Apart from this, for the rest of the periods of 

tail regeneration, the changes .in blood glucose level were 

identical in all the three groups of lizards. Hepatic 

glycogen content also showed a lower level in unautotomised- 

UAX lizards with a similar pattern of changes post-autotomy 

and ensuing tail regeneration as that of the normal, except
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Fig. 1a.: Graphic representation of the length of regenerate 

attained at different time periods, (inset) Rate 

of growth during different time periods in the 

normal, sham operated and unilaterally adrenalec 

tomised lizards, H. flavivirjdis.

UAX - Unilaterally adrenalectomised.
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Fig. us Graphic representation of the levels of Hood glucose 

during tail regeneration in the normal, sham operated 

and unilaterally adrenalectomised lizards,

H. flaviviridis

UAX - Unilaterally adrenalectomised.
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Fig. 2 : Graphic representation of the levels of glycogen in 

the regenerate during tail regeneration in the 

normal, sham operated and unilaterally adrenalectomised 

lizards, H. flaviviridis

UAX - Unilaterally adrenalectomised.
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the liver during tail regeneration in the normal,
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Fig. 4 : Graphic representation of the levels of muscle

glycogen during tail regeneration in the normal, 

sham operated and unilaterally adrenalectomised 

lizards, H. flaviviridis

UAX - Unilaterally adrenalectomised.
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during the period between 10-25 days whence-they showed an 

increase in the liver glycogen content. Muscle glycogen in 

normal and SUAX (sham operated) continuously increased till 

the 10th day with minor fluctuations. On day 15th, the 

muscle glycogen in the above two groups fell, and again 

increased on the 25th day. The level remained very much 

above normal till the 60th day. The UAX animals showed a 

continuous increase till 7th day. Thereafter, a gradual fall 

was noted till 25th day followed by a gradual increase. Tail 

glycogen in-all the three groups remained below normal and . 

showed a similar pattern in the later stages. Both the SUAX 

and normal lizards showed minor fluctuations during regenera

tion, while the normal lizards showed first peak on the 5th 

day, and a second one on the 25th day, the SUAX controls 

showed the first peak on 1st day'and a minor second one on 

the 5th day. On 25th day, there was an increase in the 

unlike glycogen in the normal lizards follo\>/ed by a low 

level on 40th, and a gradual increase thereafter, while in 

the case of sham operated after a decrease between 7th and 

15th day the level went on increasing till the 6oth day.

On the other hand, the UAX animals which had a low level of 

caudal glycogen before autotomy, showed an increasing trend 

till the 5th day. After a slight fall on 7th day, it was 

followed by a gradual increase lasting up till the 40th day. 

The concentration gradually decreased thereafter, to be more 

or less at the normal level by 60th day.
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Fig. 5 : Graphic representation of the levels of caudal 

protein during its regeneration in the normal, 

sham operated and unilaterally adrenalectomised 

lizards, H. flaviviridis

UAX - Unilaterally adrenalectomised.
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Fig. 6 : Graphic representation of the levels of hepatic 

protein in the normal, sham operated and 

unilaterally adrenalectomised lizards,

H. flavivirjdis

UAX - Unilaterally adrenalectomised
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Liver protein of UAX lizards remained very low before 

autotomy. When the,liver protein content of normal and SUAX 

control lizards showed a decrease, the UAX lizards showed 

an increase on the 2nd day. For the rest of the periods 

the pattern remained more or less the same. Muscle protein 

also showed a reduction'in the UAX animals prior to autotomy. 

Apart from the initial increase on the 2nd day in the case 

of UAX lizards, the pattern was more or less similar. In 

the case of tail protein too, apart from slight difference 

during initial periods, the changes were more or less 

comparable in all the three groups.

Liver and kidney ascorbic acid tended to remain higher 

in all the three groups of animals with minor variations in 

the levels. There was more or less no difference in, tail AA 

content during regeneration among all the three .groups.

Alkaline phosphatase in the liver of UAX lizards showed 

a high activity during tail regeneration as compared to the 

other two groups, while the muscle and tail alkaline 

phosphatase showed a moderate activity in UAX. Acid 

phosphatase activity in liver, muscle and tail was at a 

higher level in UAX all throughout compared to the other 

two groups.

Na* K+ ATPase activity of liver of normal lizards 

showed an initial increase lasting upto the 2nd day followed
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Fig. 11 : Graphic representation of the levels of alkaline 

phosphatase in the tail during its regeneration 

in the normal, sham operated and unilaterally 

adrenalectomised lizards, H. flaviviridis

UAX - Unilaterally adrenalectomised.
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Fig. 12 : Graphic representation of the levels of alkaline 

phosphatase in 'the liver during tail regeneration 

in the normal, sham operated and unilaterally 

adrenalectomised lizards, H. flaviviridis
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Fig. 13: Graphic representation of the levels of alkaline

phosphatase in the muscle during tail regeneration 

in the normal, sham operated and unilaterally 

adrenalectomised lizards, H. fl.aviyiricii^s.

UAX - Unilaterally adrenalectomised.
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Fig. 14 : GrapMc representation of the levels of acid 

phosphatase in the regenerate during tail 

regeneration in the normal, sham operated and 

unilaterally adrenalectomised lizards,

H. flaviviridjs

UAX - Unilaterally adrenalectomised.



Ta
bl

e 15
. Le

ve
ls

 of 
liv

er
 ac

id
 ph

os
ph

at
as

e (ja
 m

ol
e p

-N
P r

el
ea

se
d/

m
g p

ro
te

in
/3

0 m
in

ut
e ) 

du
rin

g 
ta

il 
re

ge
ne

ra
tio

n i
n n

or
m

al
, sha

m
 op

er
at

ed
 an

d u
ni

la
te

ra
lly

 ad
re

na
le

ct
om

is
ed

 liz
ar

d,

ro ci

+ S
. D.

oVO 0.
81

5 ©o
<r-
o+l

m-4IN
•

o

moo
•

o+ l

68*0

CM4-o
d
+l

o•4

0.
63

5
+0

.0
92 IN

©
•o

mCM
•

o+1

0.
86

2 IN
OO
o+l

inCM

0.
92

5 IN
O

•
o+l

©VOIN
•

O +0
.1

53

1.
10

2

CTi3,
+|

in
*— 0.

82
7 IN

voo
•

o+l

VOovVO
•

o

cr\oo
•

o+l

o\
o\

•
o

4CMm
%

oc~ 0.
76

4

in
«r-
?V 0.

68
7

+0
.2

07 VOom
•

v—

080*0+

E' 0.
78

8

-4
o

•
o+I

0.
68

4
+0

.1
32

0.
81

7 -4"
CTi
.

o+l

en
VOm©

•o

m
o

•o+1

o^r-
crv

•O +0
.1

21

1.
09

2

CM
-4

•O
+l

fO

0.
21

0
+0

.0
05 CTv

©in
•

+0
.0

75 Ov
in
’T"

•

in
Ov

•
o+l

CM

-4
VO
m

•

CO
sr—

•
o.+1

-4
<r~CM

•

CM
~4

•O
+1

0.
79

57 <$■

r-

•
o+l

1.
16

78 in
VO
o•
o+1

1.
11

37
+0

.1
97

0.
87

8
+0

.0
17

S
©
VO
IN

•O +0
.0

19

0.
67

5
+0

.0
25

0.
91

3 in
4

O
•

o+1

Pe
rio

ds
 of 

re
ge

ne
ra


tio

n i
n 

da
ys

N
or

m
al

in
ta

ct
(I

C
)

Sh
am

op
er

at
ed

(S
U

A
X

)

U
ni

la
te

-
ra

lly
ad

re
na

le


ct
om

is
ed

(U
A

X
)

H
. fla

vi
vi

rid
is

.



21G

Fig, 15 : Graphic representation of the levels of acid

phosphatase in the liver during tail regeneration 

in the normal, sham operated and unilaterally 

adrenalectomised lizards, H. flaviviridls

UAX - Unilaterally adrenalectomised
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Fig. 16 : Graphic representation of the levels of acid

‘phosphatase in the muscle during tail regeneration 

in the normal, sham operated and unilaterally 

adrenalectomised lizards, H. flaviviridis

UAX - Unilaterally adrenalectomised.
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by a fall on 3rd day. On 5th day, it attained the maximum 

peak followed by a smaller peak on 10th day with a fall 

dn the 7th day. Thereafter, the activity level of the 

enzyme decreased till 25th day followed by an increase.

Sham operated ones also showed a more or less similar 

pattern in fluctuation in the activities of the enzyme.

The initial high level activity of ATPase in UAX liver 

reduced on 1st day post-autotomy followed by a gradual 

increase till 5th day. There onwards its level gradually 

decreased till 15th day and then again increased. Muscle 

Na+K+ ATPase showed three peak values on 2nd, 5th and 10th 

days in the normal animals, while the sham operated animals 

showed peak values on 1st, 7th and 25th days. The initial 

high level of the enzyme activity in UAX showed a reduction 

on the 1st day. Peak levels were noted on 3rd and 7th days 
and a very minor peak on the 40th day. Na+K+ ATPase activity 

in the tail gradually decreased till the 2nd day in the UAX 

animals in contrast to the other two groups which showed a 

slight increase till the 3rd day resulting in a higher peak 

value. Thereafter, the enzyme level decreased reaching the 

minimum sub-normal level on 15th and 10th days respectively 

for the normal and sham operated lizards, and later into a 

slow rise thereafter. In UAX lizards also, there was a small 

rise in enzyme activity in their regenerate on 3rd day 

followed by a much higher peak level on 10th day, a steep 

fall on 15th day and a slow rise thereafter.
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Ni23 S 7 10 15 25 40 60
DAYS

Fig. 1? : Graphic representation of the levels of Na+ K* ATPase 

in the tail of the normal, sham operated and 

unilaterally adrsnalectomised lizards,

H. flavivirldis.

UAX - Unilaterally adrenalectomised.
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5 -oNORMAL

------------- aSMaMOPERATED

N 1 2 3 S 7 10 15 25 40 60
DAYS

4* 4*Fig. 18 : Graphic representation of the levels of Na K

ATPase in the liver during tail regeneration in 

the normal, sham operated and unilaterally 

adrenalectomised lizards, H. flaviviridis

UAX - Unilaterally adrenalectomised.
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Fig. 19 * Graphic representation of the levels of Na K ATPase 

in the muscle of the normal, sham operated and 

unilaterally adrenalectomised lizards, H. flaviviridis

UAX - Unilaterally adrenalectomised
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DISCUSSION

The initial alterations in various parameters noted 

to occur in UAX animals can easily be considered to be due 

to the induced insufficiency of adrenal hormones. The 

slight delay in the initial stage during regeneration must 

in all probability to be due to the insufficiency of the 

adrenal hormones rendered by unilateral adrenalectomy. By 

and large, similar pattern of changes noticed in the various 

parameters studied as well as the attainment of the normal 

growth rate during the later stages in UAX lizards indicate 

the compensatory overproduction of hormones by the remaining 

adrenal. Such compensatory activity of remaining adrenal is 

known to occur (Banerjee and Quay, 1981; Ray, 1980; Matilde 

et al., 1980). This was proved by the observed histological 

and morphologic studies of the remaining adrenal 

(■unpublished). The development of an early blastema in the 

sham operated lizards must be geared up metabolic activities 

in the animal due to the abdominal wound. Adrenal steroids 

(glucocorticoids ) are speculated to stimulate the break down 

of proteins by stimulating the synthesis of membrane 

proteins essential to the autophagic process in cultured 

hepatocytes (Hopgood et al., 1981) and also bring about an 

increase in the number of lysosomes (Carubelli and Griffin, 

1970; Hopgood and Ballard, 1980).,As phagocytosis is an
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inherent mechanism during the -wound healing process 

preceeding the formation of blastema, the delayed blastema 

formation in the UAX group could be due to the prevailing 

hypoadrenalism in the early days after autotomy.

From the results it is obvious that in the initial 

period after unilateral adrenalectomy, there was a delay in 

the regenerative mechanics, while during the later periods, 

not only did the various parameters under investigation 

return to the normal pattern but even the tail regenerate 

was better formed in girth. This has to be due to the hypo

adrenalism in the initial periods and the compensatory 

hypersecretion by the intact adrenal during the later periods. 

Apparently, involvement of adrenal can be surmised - and the
4

idea has to be put to experimental evaluation by studying
of

the impact total suppression of adrenal cortex by a suitable 

technique as tail regeneration in K. flaviviridis.


