
■ CHAPTER 9

IN LOCO AND SYSTEMIC ALTERATIONS IN PROTEIN CONTENT 
DURING TAIL REGENERATION IN'NORMAL, ' SHAM OPERATED AND 

GONADECTOMISED LIZARDS, HEMIDACTYLUS FLAVIVIRIDIS

During the progress of repair and regeneration, the 

physiological homeostasis gets altered sufficiently to 

subserve the synthetic requirements of the biological 

processes. As the dedifferentiating cells transform into 

blastemal cells, they are actively engaged in the synthesis 

of various cellular materials, and energy utilization. The 

important biochemical process representing growth, is the 

biosynthesis of proteins and nucleic acids (Rappoport and 

Fritz, 1972). Nucleic acids are associated with protein 

synthesis and growth. In loco and systemic alterations in 

nucleic acids and proteins during lizard tail regeneration 

have been shown in some of the previous investigations 

from this laboratory (Ramachandran et al., 1980, 1982). In 

a previous chapter (Chapter 7) gonadectomy was shorn to
1

induce faster rate of regeneration. The present chapter 

attempts to establish the possible correlation between 

gonadectomy induced better regenerative potential and 

protein metabolism, if any, by evaluating the temporal 

quantitative alterations in protein content of the
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regenerate, liver, muscle, kidney and brain of normal, 

sham operated and gonadectomised Gekkonid lizards, 

Hemidactylus flaviviri dis.

MATERIALS AND METHODS

Adult H. flaviviridis collected from the local animal 

dealer were kept in the laboratory for two weeks to get 

than acclimated to the new environment. The animals were 

divided into three groups of equal numbers consisting of 

both sexes. First group of animals was the intact normal 

which served as the control. Second group of animals was 

sham operated (SGX); and third group was gonadectomised (GX) 

and served as the experimental. The operative procedures 

were outlined in Chapter 7. The latter two groups were kept 

in the cage for 12 days, to minimize the metabolic 

disturbances, if any, due to surgical stress and ensuing 

wound healing. At the end of this period, the tails of all 

the three groups of lizards were autotomized three 

segments away from the vent. At regular time intervals of 

3,5,7,10,15,25,40, and 60 days post-autotomy, the animals 

were sacrifised, and liver, muscle, tail, kidney and brain 

protein content was estimated by the method of Lowry et al. 

(1951).
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RESULTS

Protein content of the liver in GX, SGX and intact 

normals showed a more or less similar pattern. The normal 

ones showed a depletion on 3rd day followed by sudden 

increase to the normal level on 10th day. Thereafter, 

there was a gradual depletion in the protein content till 

the 40th day, followed by an increase on the 60th day. SGX 

and GX lizards showed a much lower initial protein content 

in the liver in the pre-autotomic condition. Both showed a 

rise on the 3rd day followed by a fall on the 5th day. Then 

onwards the protein level of GX remained higher till the 

60th day. SGX animals shoxi/ed a small peak on 7th day and a 

fall on 10th day followed by a gradual rise till the 60th 

day.

Muscle protein content of the controls follow the same 

pattern as the liver protein except for a lower level on 

the 25th day and an above normal peak value on the 10th day. 

SGX animals follow a pattern intermediate between those of 

normal and GX. The pre-autotomic SGX levels were 'lower than 

the controls. Uptill the 10th day, and from thereonwards, it 

followed a pattern similar to the controls. GX lizards 

,showed a greater increase of muscle protein content in the 

initial stages. The level gradually increased till the 5th
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An nf the levels of protein l^i Fig. 1: Graphic representdfcxon oi xne
the liver during tail regeneration in the normal, 

sham operated and gonadeetomised lizards,

H. fiaviviridis
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Fi17. 2 : Graphic representation 02 the levels 01 procein in 

~tha muscle during "tail regeneration in "tne normal, 

sham operated and gonadectomised lizards,

H. flaviviridis
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Fig. 3 : Graphic representation of the levels of protein in 

the regenerating tail during its regeneration in 

the normal, sham operated and gonadectomised lizards, 

H. flaviviridis



Ta
bl

e 4
. Qu

an
tit

at
iv

e a
lte

ra
tio

ns
 in

 the
 br

ai
n p

ro
te

in
 co

nt
en

t (m
g/

10
0 m

g fr
es

h t
is

su
e)

122

+ S. 
D

.
* P v

al
ue

 in
 co

m
pa

ris
on

 wi
th

 SG
X

Tu
rn

ov
er

ra
te

in
cr

ea
se

/
de

cr
ea

se

1.
68

1.
73

1.
68

60
00oo
in
r*

COin

CM+i

COo
•

r*
CM+|

8.
64 $

•r~+l

§ rn
•in +1

.8
2 CMin

•

in
CM

•

+l

8.
23

+ 
1.

02

1ACM m
CO•
in

inCO
9, 7.

2 Oin
?, 11

.0
07

*inoin o
• •V- O+l

m

9.
87 o

CM+I

CMin
•in

m00CO
•o+l 11

.0
74

*in in o tn o
. .o+l

o

14
.5

9 min
•o,+l

9.
34 in

in

o+1

■4-
m

*o
V"

in
•

+i

IN

10
.0

2 CMm
•

+l

8.
84 m<r

•
+]

60*6

inIN
CO

•
+1

in

11
.3

22
+1

.0
28

in
co* +0

.5
7 CM

v-•IN
CO

m COin r*o r*in CM
r-

CM4-
1

C7\ +l CO r-+1 CTi +1

£3

1

12
.1

82 CMm
•c-+i

8.
35

4-
COin

9. 7.
61

68*0+

Pe
rio

ds
 

of
 re

ge
ne

' 
ra

tio
n ■

 
in

 da
ys

N
or

m
al

in
ta

ct
(I

C
)

Sh
am

op
er

at
 ed

 
(S

G
X

)

G
on

ad
ec

-
to

m
is

ed
(G

X
)

du
rin

g
ta

il 
re

ge
ne

ra
tio

n i
n t

he
 no

rm
al

, sha
m

 op
er

at
ed

 an
d g

on
ad

ec
to

m
is

ed
 liz

ar
ds

, H.
 fla

vi
vi

rid
is



J 23

•w

N 3 5 7 10 15 25 40 60
DAYS

Pig. 4 : Graphic representation of the levels of protein 

in the kidney during tail regeneration in the 

normal, sham operated and gonadectomised lizards, 

H. flaviviridis.
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Fig. 5 : Graphic representation of the levels of protein 

in the train during tail regeneration in the 

normal, sham operated and gonadectomised lizards, 

H. flaviviridis



day followed by a fall on the 10th day. The sudden increase 
on the 15th day continued as a gradual increase till the 
25th day which was followed by a fall by the 40th day and 
was maintained so even on the 60th day.

Tail protein showed a similar pattern in the SGX and 
control. But the GX lizards showed an initial low level 
followed by a slight fall (3rd day) and an increase till 
7th day and a slight decrease on the 10th day. Thereafter 
the caudal protein content continued to increase till the 
40th day. Between 40th and 60th days there was a significant 
decrement.

Kidney protein content showed a greater fluctuation in 
the case of SGX. The intact normals showed minor fluctua­
tions. The protein content of the kidney showed a rise on 
the 3rd day followed by more or less of continuous decrease 
till the 40th day and then rose upto the normal level by 
60th day. The much low initial level of kidney protein in 
SGX showed a fall on the 3rd day followed by a sharp rise 
on the 5bh day. It then decreased to the pre-autotomy level 
by the 10th day and then again decreased to a maximal level 
by the 25th day. Between 25th and 40th days there was a 
conspicuous drop and then increased slightly by the 60th 
day. The intermediate initial level noticed in the case of 
GX lizards showed continuous rise and fall resulting in
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three peak values on 3rd, 10th and 25th days. From 25th 

day onwards there was a continuous decline, till the level 

on the 60th day was very much close to the pre-autotomy 

value.

Brain protein content of the control lizards showed^a 

depletion on 3rd day post-autotomy, a slight rise on 5th 

day followed hy a fall again on the 7th day. By 10th day 

the protein content increased to a peak level which was 

followed hy a gradual fall till the 40th day resulting in 

the attainment of a minimum value. By the 60th day, the 

protein content had increased towards the normal level.

The SGX and GX lizards showed a more or less similar pattern 

with an initial set of changes during the first week being 

exactly opposite to that of the controls. From the 7th day 

onwards, the pattern of changes in both SGX and GX were 

more or less identical to the controls except for different 

levels of protein in the two cases. The changes outlined 

above are represented in figures 1-5 and tables 1-5.

DISCUSSION

Definite alterations in systemic protein turnover in 

relation to caudal autotomy and ensuing regeneration can be 

deduced from the present results. Similar observations were 

made with respect to tail regeneration in M. carinata also



(Ramachandran et al., 1980,'' 1982). However, there appears 

to be a different mode of protein turnover in H. flavivi- 

ridis as compared to M. carinata. A net positive nitrogen 

balance with increased protein content in the regenerate, 

as well as liver and muscle was the feature in M. carinata 

(Ramachandran et al., 1980). The present results tend to 

indicate a net negative nitrogen balance in the body as a 

whole as marked by below normal levels of protein almost 

throughout the regenerative period in the various organs 

studied. Expectedly, the tail regenerate depicted 

increasing protein content.

SGX and GX animals in general tended to have decreased 

protein content in brain, kidney and muscle indicating a 

generalised protein depletion following surgical stress. 

Brain and muscle appear to be more sensitive to gonadectomy 

as noted by the further decreased protein content in GX 

lizards as compared to the SGX ones. Gonadectomy tended to 

have a nullifying effect on surgical stress induced protein 

depletion in kidney. Except for liver and tail, all the 

other organs had a reduced protein content in SGX and GX 

lizards in the pre-autotomy condition.

Subsequent to tail autotomy, all the three groups of 

lizards showed more or less identical pattern of modulations 

in protein content except for temporal shifts in the various



spikes. Keeping the corresponding pre-autotomy levels as 

the basal levels, both controls and SGX lizards maintained 

more or less belox? basal levels of protein. Hox^ever, in GX 

lizards, most of the modulations remained above the basal 

level. Regeneration induced modulations in the systemic and 

in loco protein contents seen to be affected by the absence 

of gonadal steroids. In fact the better growth rate observed 

in GX lizards (Chapter 7) could be due to the balanced 

protein turnover in the body. Protein turnover value 

expressed as the ratio of percentage increase to percentage 

decrease for the whole period of regeneration was maximal 

in SGX lizards. This could have some correlation with the 

observed better regenerative growth in comparison to the 

controls. It is significant that the turnover value for the 

liver was below unity in controls which may be responsible 

for the slowest growth rate observed. Moreover, the higher 

values obtained for muscle in SGX and GX lizards may again 

be of some significance in this respect. Another pertinent 

aspect is the almost arrested regenerative growth in GX 

lizards between the 25th and 40th days post-autotomy 

(Chapter 7). The present results on protein contents have 

shown an opposite pattern of alterations in GX lizards in 

comparison to SGX and control ones during this period. The 

protein content of the regenerates fell drastically, and 

that of muscle increased in control and SGX lizards, while
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■in the GX lizards, the muscle protein content decreased, 

and the tail protein content showed gradual increase (Fig.3). 

Could the fall in protein content in the regenerate in the 

controls have some critical influence on promoting late 

differentiation and growth events, and the delay in such 

a fall be responsible for the observed plateauing out of 

growth rate in gonadectomised lizards? This is a query 

which cannot be answered at present. However, it is safe to 

presume from the present study that the gonads and their 

steroid output are non-essential for bringing about 

systemic and in loco modulations in protein content asso­

ciated with regeneration. Further, it may also be speculated 

that in the absence of gonadal steroids the sensitivity and 

response to thyroid and adrenal hormones are potentiated 

which could be a significant factor in the better 

regenerative ability exhibited by the GX lizards.


