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CHAPTER 1

COMPARATIVE EVALUATION OF IN LOCO AND SYSTEMIC CARBO­

HYDRATE METABOLISM DURING CAUDAL AUTO TOM Y AND FORE-LIMB 

AMPUTATION IN HEMIDACTYLUS FIAVIVIRIDIS

The carbohydrates of the body represent the chief 

metabolite sources which serve as fuels to be oxidised to 

provide energy for the many endergonic metabolic processes. 

Special importance is given to the role of polysaccharides, 

in such regeneration affiliated fields, as wound healing 

(Jackson, 1958), induction (Grobstein, 1955) and growth 

(Harris, 1958) among others. Previous studies on amphibian 

limb regeneration (Schmidt, 1960, 1962; Procaccini et al., 

1973; Connelly et al., 1974) and on reptilian tail 

regeneration (Shah and Hiradhar, 1974; Shah and Chakko, 

1967b;Radliakrishnan and Shah, 1973; Shah et al., 1977a, b) 

have revealed the importance of glycogen in reparative 

regeneration. Earlier studies from this laboratory have 

Indicated that there is a definite systemic response to 

regenerative activities in the form of glycogenolysis and 

altered glycemic conditions. To prove that these changes 

occurred due to regenerative process only, a need for 

comparable studies during non-regenerative wound healing 

in the same animal is logical. Information on these aspects
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in relation to wound healing in animals in general and 

reptiles in particular, is inadequate. Vertebrates are 

known to respond to stress by catabolism of food reserves 

for energy production (Seyle and Stone, 1950), changes in 

liver glycogen content and lactate dehydrogenase activity 

during wound healing and repair of pigeon liver (Asnani 

et al., 1972) and changes in glycogen content during normal 

and diabetic wound healing in liver and skin of rat 

(Kishnani, 1976; Kathuria, 1976) are some of the relevant 

reports in this context. Apart from the above studies, no 

other relevant information is available on this topic. 

Kinariwala (1979) concluded that the non-regenerative wound 

healing of Calotes tail takes place in a low tone metabolic 

activity involving less metabolic intricacies and adapta­

tions. The above' mentioned report was a comparative account 

of the systemic responses during tail regeneration in Mabuya 

carinata and tail wound healing in Calotes versicolar. Though 

in the above study, a non-regenerating lizard was taken as a 

control to the regenerating type, it would be appropriate 

and more valid to study the responses during regeneration, 

of a part endowed with regenerative potential as opposed 

to that during wound healing of another part with no 

regenerative potential in the same animal. It was in this 

context that comparative studies on carbohydrate metabolism 

during post-caudal autotomy (regeneration) and post-limb
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amputation (non-regenerating) have been carried out in the 

Gekkonid lizard, Hemidactylus flaviviridis.

MATERIALS AND METHODS

The house lizards, H. flaviviridis, collected from 

Baroda were kept on.a diet of insects in the laboratory for 

a fortnight to get them acclimatized to the laboratory 

conditions. The adult animals were divided into two groups, 

group I - animals in this group were used to study the 

changes during tail regeneration. The tails of these 

animals were autotomized two to three segments away from the 

vent. C-roup II - animals in this group were used to study 

the changes during non-regenerative limb wound healing. One 

of the fore-limbs was amputated with a sharp blade from the 

distal end of the humer~us (Stinson, 1964).

The animals were later sacrifised at regular time 

intervals of 1,2,3,5,7,10,20,25,40 and 60th days post­

auto tomy/amputation. Estimation of glycogen was carried out 

in liver, muscle, tail and limb tissues as per the method 

of Seifter et aE,.(1950) and that of blood glucose by the 

method of Folin and Malmros (1929).

RESULTS

The sub-normal levels of blood glucose which were
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noticed in both the cases throughout, showed a more or 

less similar pattern with slight change in the peak level. 

The tail regenerating animals showed two peak levels, one 

on the 2nd day and the other on 10th day. The limb 

amputated lizards showed only one peak, that on the 10th 

day. The hepatic glycogen content of the tail regenerating 

lizards showed a sub-normal level on 3rd day and an above 

normal level from 5th to 20th days with the maximum peak 

level on the 7th day. Glycogen contact of the liver of the 

limb amputated lizards showed an above normal level from 

the 1st day till the 10th day with a peak on the 5th day 

and another on the 25th day. Muscle glycogen of the lizards 

with regenerating tail showed one peak on the 10th day, 

while the limb amputated lizards showed two peaks, one 

smaller one on the 7th, and a larger one on the 20th day.

In both the cases, the level remained above normal.

Glycogen content of the tail regenerate showed sub­

normal levels on the 3rd, 5th and 7th days with the maximum 

peak value on the 10th day. Tail glycogen of the limb 

amputated lizards remained more or less in the normal 

range till the 7th day, thereonwards showed an increase 

with the peak value being attained on the 25th day. Limb 

glycogen of the tail regenerating lizards showed two peak 

levels, one smaller one on the 10th day and a higher one on 

the 25th day. Limb glycogen of the limb amputated lizards
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Fig. 1 : Graphic representation of the levels of blood glucose 
in the limb amputated, and tail autotomised lizards >

H. flaviviridis
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Fig. 2 : Graphic representation of the levels of glycogen 

in the liver, muscle, regenerate and limb during 

tail regeneration in the lizard, H. flaviviridis.

he
pa

tic
 &

 ta
iig

ty
xo

gs
n/

iO
O

m
g t

iss
ue

 
1

e>
 o o

 c? jz
»V

 .,£>
 i ,<&,

? r 
( 

, Q°

m
us

cl
e 

IL
U

m
b



Ta
bl

e 3
. A

lte
ra

tio
ns

 in 
th

e le
ve

ls
 of 

tis
su

e g
ly

co
ge

n c
on

te
nt

 (m
g/

10
0 m

g)
 po

st
-li

m
b a

m
pu

ta
tio

n i
n 

H
. fla

vi
vi

rid
is

.

21

*
+ S

. D.

60

\

m

•o

CM

O
. 0.

12
4

oo
•o+1

0.
52

1

m
o

«o+l

0.
32

8 800*0+

40

0.
46

2
+0

.0
21

0.
15

86
+0

.0
14

o
.o

CM

CD
O
O

•o+l

m-4-
•o +0

.0
19

CM
3.

07
0 CM

CO
o

•o
n<

m
oo

•o +0
.0

17

1.
22

9
+0

.0
24

0.
58

6
+0

.0
13

20

1.
57

2 &
o

•o+l

0.
00

05
0.

77
7

+0
.0

52

0.
95

5 <1-
<:— o
.O,+1

00

3•o +0
.0

16

o
r* 2.

87
0

CM

in
•o+i

m
03
r-
.o

+0
;1

24
 

+0
.0

05

<in
ooo

•o

-4-
cn

•o +0
.0

01

CD

CM

•o +0
.0

10

E>

0~
o
c
CM +0

.1
85

t00*G
~v. ■4"

v—CM

m
.o

CM

m
as

•o

m
in
o

*o.+i

in
CO
m

•o

in
o
.o+t

n

COm
m
o
tn

-4-

•o+I

0.
09

23
+0

.0
02

0.
17

74 in
oo

•o,+l

0.
15

89
+0

.0
21

to

. 3.
62

9

CM

os
•o+l

0.
09

61 £>-
oo

•o+l

0.
27

41 in
o

CM

CO
<r~

•o +0
.0

15

CM

3.
51

39
+0

.4
25

0.
11

4 CM

c-*
o
o+i

0.
20

4 o-'
oo

4
<T““O
o

•o

co
CM

C-O
•o

os
r—o

.o+l

CO
<r
in

<F
m

•o+l

0.
23

5
+0

.0
53

0.
00

1
0.

18
05 in

'r*
O

•o+I

0.
00

05 OS
-4-
CM

O

03
V—o

«o+l

i;
inooO
o

CO
inin

.o

m
oo

t>

+l

0.
09

22
+0

.0
10

0.
30

66
+0

.0
3

0.
16

07

CM

<J*
O
o.+l

Pe
rio

ds
 of

re
ge

ne
ra

-
tio

n m
da

ys

Li
ve

r

M
us

cl
e

Ta
il

Li
m

b

P v
al

ue



22

4-0-

<5J

§3.0-
U)

O) - 
£

oD

<u
cnoV

20-

C?)O’)

£
1.0-

o- - - - - - - - - - OLIVER

-12

-.4.0

-.80

-.60

-.40

-.06

-02

“i--- 1—i—rN 1 2 3 5 f
D

10 2cT 25~ 40 60

AYS

Fig. 3 : Graphic representation of the levels of tissue 

glycogen in the liver, muscle, tail and limb 

stump post-limb amputation in H. flavivjridis.

m
us

cl
e-

lim
b-

ta
il



23

showed a sudden fall on the 2nd day and like wise in the 

above case two peaks were recorded one on 7th and the 

other on the 25th day.

DISCUSSION

Extensive studies carried out on carbohydrate 

metabolism in relation to tail regeneration in M. carinata 

have revealed depletion of caudal glycogen stores during 

wound healing and its build up and utilization during the 

post-blastemic and differentiation phases (Radhakrishnan 

and Shah, 1973)» and significant participation of hepatic 

and muscle glycogen stores together with blood glucose as 

part of the collective systemic response (Shah et al. , 1977', 

1982). Present results obtained also show similar changes 

in loco and systemically, thus suggesting similarity in 

carbohydrate metabolism in response to regeneration in 

Hemidactylus flaviviridis as well. However, changes In 

blood glucose and muscle glycogen appear to be of a 

different pattern in H. flaviviridis as compared to those 

of M. carinata. Unlike in Mabuya which depicted a pronounced 

hyperglycemic condition during blastemic and early 

differentiation periods (Shah et al., 1977'/ 1982), and 

significant depletion of muscle glycogen during the first 

fortnight of regeneration (Shah et al., 1982). Hemidactylus, 

in the present study, depicted neither hyperglycemia nor
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muscle glycogen depletion at any stage of regeneration.

In fact, muscle glycogen has shown an increase during the 

first fortnight. It is likely that these differences are 

mainly due to the different metabolic strategy adopted by 

these two lizards. In this respect, muscle glycogen may be 

considered to play a negligible role in the regenerative 

mechanics in Hemidactylus and may. bear some correlation 

with the observed protein depletion from systemic sources 

(Chapter 2), a feature not shown by Mabuya. "Whereas the 

lowered blood glucose levels during wound healing to 

blastema and during differentiation indicate the ready 

withdrawal of blood sugar for meeting the requirements of 

regeneration, the inability to attain a hyperglycemic 

level may be due to the insulin dependent carbohydrate 

metabolism characteristic of this lizard unlike Mabuya 

which is known to be glucagon oriented (Shah et al., 1977 -f 

1982; Ramachandran _et al., 1981).

A comparison of the evaits post-caudal auto tom y and 

post-limb amputation indicate a similar pattern of changes 

in systemic glycogen stores (liver and muscle) and glycemic 

levels; however, the in loco response appears to be 

different, with limb amputation failing to show the 

adaptive alterations in glycogen content characteristic of 

tail autotomy. Apparently, both limb amputation (which
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fails to regenerate) and tail autotomy (which undergoes 

regeneration) elicit similar systemic carbohydrate 

responses, with local responses being of a dissimilar 

type. The in loco response in the case of limb is more or 

less comparable with the responses of the muscle and tail 

post-limb amputation and only with that of muscle post- 

caudal autotomy. Evidently, the limb response remains 

identical in either experimental condition in the form 

of increasing glycogen content (Fig. 2. and 3).

It may be concluded from the present study, that in 

an animal with a restricted regenerative potential, loss 

of any body extremity can elicit similar systemic response, 

but the capacity to regenerate solely depends on the 

ability of the local site to bring’forth adaptive 

alterations and also to respond to the systemic factors.


