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CHAPTER 4

_ LEVELS OF ACID AND ALKALINE PHOSPHATASES IN
THE REGENERATING TATL IN THE NORMAL AND
' HYPOPHYSECTOMIZED HOUSE LIZARDS,

HEMIDACTYLUS FLAVIVIRIDIS

The léss of an appendage such as limb or tail in
amphibians or tail in reptiles initiates a series of local
and systemic reactions leading to regeneration and
restitution of the lost part. The enzymatic changes
associated with regeneration in animals offer a favourable
system for evaluation of the biochemical events underlying
* phenomena like dedifferentiation and differentiation.
Phosphatases have received considerable attention in this
respect (Ghiretti, 1950; Schmidt and Weary, 1963; Shah and
Chakko, 1967a; Miller and Wolfe, 1968; Radhakrishnan, 1972).
The lysosomes with thelir acid hydrolases are known to play
important role in the process of intracellular digestion
(de Duve and Wattiaux, 1966). Since the loss of certain
specialized cellular organelles and structures figure
prominantly in the early phasesof regeneration, when
dedifferen£iation of cells occurs. During such phase,

changes in the guantitative levels and histochemical



localization of hydrolases in the dedifferentiating
cells could prove valuable to understand the remodelling
processes associated with the phenomenon of regeneration

(Miller and Wolfe, 1968).

Non-specific acid phosphatase, according to the site
of its localizatioen and characteristics of the cell, is
supposed to be involved in a variety of cellular activities
such as cellular phagocytosis (Klockars and Wegelius, 1969),
dissolution of tissue components (Weber and Niehus, 1961),
protein synthesis (Pearse, 1968) differentiation (Ghiretti,
1950), absorption (Straus, 1964) and phosphorylation

(Stetten, 1964).

The alkaline phosphatase is demonstrated to be
involved in differentiation, formation of fibrous protein,
calcification of bone, formation of mucopolysaccharides
forming ground substances (Simkiss, 1964) carbohydrate
metabolism (Rosenthal et al., 1960}, Phosphate transfer
in DNA metabolism (Rogers, 1960) and passage of metabo-

lites across cell membrane (Simkiss, 1964).

Acid and alkaline phosphatases have been well
involved in the regenerative process in amphibians

(Schmidt, 1968) and in reptiles (Shah and Chakko, 1966



and 1967a; Radhakrishnan, 1972). 1In the present course
of studies it is found that hypophysis removal caused

considerable delay in the tail regeneration in

Hemidactylus flaviviridis (Chapter 1). Hormonal influence
on activities of acid and alkaline phosphatases in rats
(Buchanan and Schartz, 1967; Helminen et al., 1972; Yeh

ahd Moog, 1977; Wilfred and Rao, 1977) and in Chick (Manwell
and Betz, 1966; McWhinnie and Thommes, 1973) have been
studied. It would be fruitful to evaluate effeet of hypo-
physis ablation on the activities of acid and alkaline
phosphatases in the regenerating tail of the house lizard,

H.flaviviridis. Since no such studies are known to have

been done, the present study en quantitative analysis of

these two hydrolases in the regenerating tail of hypophy-

sectomized lizards was undertaken. !

MATERIALS AND METHODS

The house lizards, H.flaviviridis, were collected from

the university campus ahd maintained in the laberatory on
a diet of insects. The animals were kept in the laboratory
for a fortnight prior to experimentation, to get them

acclimatized to the laboratory conditions. Adalt lizards
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of both the sexes in more or less the same weight group
(10-12 gms) were selected. Hypophysectomy and sham
operation were pe%formed and‘tails were autotomized 10
days after operation (as described in Chapter 1). Autotomy
was also performed in a‘group of normal unoperaied animals.
Fifty 1izards in each case viz., hypophysectomized, sham
operated and normal ones were used for the present experi-
ments. At specifie intervals in accordance with various
phases 0of tail regeneration é~8 animals per phase were
sacrificed. Tail regenerates were quickly excised and
blotted free of blood and tissue fluid. These were homo-
genized in cold distilled water and were used for
guantitative estimations of acid and alkaline phosphatases
employing the method described in Sigma Technical Bulletin
No.104, using p-nitrophenyl phosphate as substrate.
Protein concentrations in the homogenate were estimated
employing Biuret methoq { Layne, 1957). Enzyme activities
were expressed as /umoles p—-nitrophenol released/mg

protein/30 minutes.

RESULTS

The results obtained from the above studies on the

hypophyseetomized, sham operated and unoperated normal



70

tail bearing lizards are presented in Tables 1 & 2

and Figs. 1 & 2.

Acid Phosphatase:

When the values of acid phosphatase activities in
the normal tail and that in the wound healing phase of
regenerating ﬁail were compared, it was noticed that in
the experimental animals (Sham operated and hypophysecto-
mized lizards) there was a decline in the enzyme activity
during wound healing period. However, in the tail of
unoperated lizards the enzyme had higher activity during

" this phase.

Acid phosphatase activity in the tails of unoperated
lizards as well as in that of the sham operated and hypo-
physectomized ones showed a trend of increase after wound
healing and attained its maximum level during differen-
tiation phase. Hereafter, in the first two cases { unope-
rated and shaﬁ oﬁerated lizards) the enzyme activity began
to decline and reached the value characteristic of the
normal tail.by about 50th day after autotomy. However, in
the case of the hypophysectomized 1lizards the iherease in

enzyme activity continued upto early growth phase (30 days
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Fig, 1

Fig, 2
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Graphic representation of levels of acid
phosphatase;:activity in tail regenerate,
during different phases of tail regeneration
in hypophysectomized, sham operated and
unoperated lizards, H. flaviviridis.

Graphic representation of levels of alkaline
phosphatase activity in tail regenerate,
during different phases of tail regeneration
in hypophysectomized, sham operated and
unoperated lizard, H. flaviviridis.

@® Wound healing phase

¥ Blastema phase

A Differentiation phase

O Growth phase (80 days after autotomy)
A Growth phase (50 days after autotomy)
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after autotomy) and by the 50th day it dfoﬁped to more
or less the saﬁe level that was observed in the hypo-
physectomized animals prior to autotomy. Throughout
the period of'tail regeneration the enzyme~activity in
the regenerate of the hypephysectomized animal was at

considerably low level when compared to that in the

unoperated and sham operated lizards.

Alkaline Phosphatase:

In all the three groups viz., unoperated, sham
operated and hypophysectomized lizards, alkaline -
phosphatase activity declined from its preautotomy
level during the wound healing phase, but increased
again to attain highest peak during blastema phase.
During differentiation, a decline in the enzyme
concentration in the regenerates of lizards belonging
to all the three groups was observed, which thereafter
again rose during the early growth phase (30 days).
However, When‘the regenerate was 50 days 61d the enzyme
éoncentration again declined. In the unoperatedllizards,
when regenerates Qere fully grown (70 days)~* ., the
enzyme levels declined further, attaining values similar

~ to those observed at the preautotomy state. The full
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grown state of the tail regenerate in the unoperated
lizards is reached by about 70 days (Magon, 1970) . In
the hypophysectomized lizards all the experiments were
terminated on 50th day after autotomy since the lizards
deteriorated in their health. The sham opérated lizards
were also considered upto 50 days post~éutotomy as they
constitute a control group to the hypophyseetomized

animalse.

DISCUSS?ON

Production of lysosomal enzymes such as aecid
phosphatase represents one of the first steps in repair
processes {Raekallio, 1960). Acid phosphatase is known
te be involved in phagocytic activity and mucopely-
saccharide synthésis during regeneration of appendages
in amphibians and reptiles (Singer and Salpeter, 1961;
Shah and Chakko, 1966; Miller and Wolfe, 1968; Rgdha-
krishnan, 1972). Such activities aré»apparently affected
in event of unévailability of an optimum concentration
of acid phosphatase. In the present study, the acid
phosphatase activity during wound healing phase in the
hypophysectomi zed lizards is less than half (39.56%) as

compared to that in the sham operated ones. Such a low
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level of the enzyme activity could be due to absence of
hypophysial hormones and could be considered as one of
the factors for the delayed wound healing observed in the
hypophysectomized animals (Chapter 1)}. On comparison the
level of preautotomy acid phosphatase activity in the tail
of the three groups of lizards, the sham operated (controls)
eghibited highest ralua amongst the three; This anamoly
Jé;uld be explained in terms of gearing up of the enzymatic

machinery invelved with the healing of the operational

wound prior to autotomy. This apparently leads teo preva-
lence of higher acid phesphatase levels to begin with. In
the case of h§pophysectomized animalé such high levels are
not attained probably due to unavailability of the hypophy-

sial hormones.

Regeneration blastema is a mass of undifferentiated
mesenchymatous cells that are actively engaged in cellular
division and proliferation leading to the growth of the
blastema (Shah and Chakko, 1968b). Such activities would
certainly demand greater synthesis of macromole;ules such
as proteins, and acid phosphatase is known to be involved
in protein synthesis (Pearse, 1968). Increase in acid
phosphatase activity observed during blastema and differen-

tiation phases in unoperated and sham operated lizards



could be correlated with the increase in the damand for
protein synthesis. It has been also reported that,
inprease in concenjration of nucleic acids (Shah and
Chakko, 197_.2), total proteins {(Shah et al., 1977a) and
free amino acids (Chapter 6) occur in the lizard tail
blastema and differentiating regenerates. On cemparison,
acid phosphatase activity levels in the fully‘formed
blastema in all the three groups of~animals do not show
any significant difference. However, during differen-
tiation phase very low levei of enzyme concentration is
observed in the regenerate of the hypophysectomized
animals only. A low level of the acid phosphatase activity
could lead to disturbance in protein and nucleic acid
synthesis. Thus a correlation beiween low acid phosphatase
activity and‘delay in the establishment of the differen-
tiating regenerate in the hypophysectomized lizards is
quite apparent: During early growth phase (30'days after
autotomy) the regénerate in the hypophysectomized lizard
showed an increase in the activity of acid phosphatase
compared to that observed during its differentiation phase.
This spurt in the enzyme activities is probably an attempt
to correct the defect of the earlier phases. Selective

augmentation or diminution of acid phosphatase under the

influence of thyroeid, parathyroid and gonadal hormones
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(Helminen et al., 1972; Robinson, 1973; Piechowski and
McWhinnie, 1977) has been suggested. From the present
study on hypophysectomized lizard it becomes evident

that pitnitary hormene/s play significant role in con-
trolling the activities of acid phosphatase in the tail
regeneration either direectly or through oether endocrine
glands. It is also possible that several acid phosphatase
isoenzymes are active during the course of regeneration,
synthesis and/or activation of some of these is selectively
inhibited, while others are unaffected in the absence of
the pituitary. Nevertheless, the increase in the acid
phosphatase activity in the tail reéenerate of the hypo-
physectomized animals from blastema till early growth

phase could possibly be due to corrective efforts made in
control of tﬁis enzyme activity by other endocrines viz.,
thyroid, parathyroid and gonads, under hypophysioprivic

conditions.

Alkaline phosphatase showed a decrease in its
activity frem the preautotomy value during wound healing
in theu.unoperated, sham operated and hypophysectomized
ligards. However, it is interesting to note that in the
hypOphysecfomiZGd animals acid phosphatase was at low

level while alkaline phosphatase exhibited an elevation
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compared to the controls. This may be due to change

of the environmental conditions in the cells engaged

in wound healing, which probably becomes alkaline, thus
creating a condition suitable for alkaline phosphatase
activity. This infurn is not conducive for normal

progress of wound healing.

During blastemal phase on the other hand, alkaline
phOSpﬁatase showed a tremendous increase in its activity
in all the three groups of animals. Rapidly proliferating
cells during embryonic development are also known to
exhibit high activity of alkaline phosphatase (Abe et al.,
1972 zv{ékawa and Yamana, 1975). Association of this
enzyme with protein synthesis and nucleic acid metabolism
is also well established (Simkiss, 1964). In 1limb

regeneration of hypophysectomized Triturus alpestris and

T, yulgaris (De Coninck et al., 1956) RNA was observed

to be at low level as compared to that in unoperated newts.
Compared to the controls (unoperated and sham operated
1izards) significantly lower level of alkaline phosphatase
in the blastema of the hypophysectomized lizards probably

affects protein and nucleic acid synthesis .

During differentiation of the tail regenerate in all

the tﬁree cases, there is a decline in the alkaline



phosphatase activity from that observed during the
blastema phase. However, the level is higher than the
preantotomy one. Differentiation of the regenerate is
characterized by 1éying down of matrix and synthesis
of mucopolysaccharides are considered to be some of the
characteristies of differeptiating tissues of the tail
regenerate (Shah and Hiradhar, 1975) where alkaline
phosphatasevis known io be involved; Considerably low
level of alkaline phoesphatase observed in the hypophy-
sectomized lizard would affect laying down of matrix
and synthesis pf mucopolysaccharidesin the tail regene-

rate,

Growth of the differentiated regenerate is the
next event during tail regeheration. Since alkaline
phosphatase has been linked with elaboration of organic
matrix and collagen production, high level of the enzyme
activity during the growth phase compared to the pre-
autotomy level probably indicates involvement of this
enzyme in such activities. It is interesting to note,
here that, in the hypophysecfomized lizard, muscle,
connective and adipose tissues of the regenerate were
poorly developed and even the weight of fhe tail

regenerate was significantly lower as compared to that
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0of the control animals {Chapter i). Hence it is
surmised that the low level of alkalihe phosphatase
activity prevailing in the regenerate of hypophy-
sectomized 1lizards probably affected the structural

lay out of the regenerate.



