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EFFECT OF DEXAMETHASONE AND CORTICOSTERONE ON THE 

ACTIVITY LEVELS OF ATPases, PHOSPHOMONOESTERASES AND 

PHOSPHODIESTERASE IN LIVER, MUSCLE AND TESTIS OF 

POST-HATCHED WHITE LEGHORN BREED OF CHICKS

Previous investigations have indicated definite alterations in carbo

hydrate, protein and lipid metabolisms in chronic adrenocortical 

suppression by dexamethasone as well as by induced adrenocortical 

excess by corticosterone (Chapters III, IV and V). Moreover, changes 

associated with activity levels of glycolytic and oxidative enzymes 

have also been observed (Chapter VI). Hence it was thought pertinent 

to explore the possible alterations if any in the biochemical profile

of tissues of developing post-hatched chicks in terms of activity levels 

of ATPase, phosphomonoesterase and cAMP phosphodiesterase under both 

dexamethasone induced adrenocortical suppression and corticosterone 
induced adrenocortical excess. Membrane bound (Na+-K+-dependent) and 

mitochondrial (Ca++-and Mg++-dependent) ATPase have been correlated 

with transport functions and energy transformation respectively. Though 

there are some reports on the effect of thyroid and adrenocortical
hormones on Na+-K+-ATPase in mammals (Klein _et al., 1984) and of

cortisol and ACTH on Na+-K+-ATPase in fishes (Pickford et al., 1970; 

Langdon et al., 1984), the influence of adrenocortical hormones on

ATPase activities in the avian tissues is never reported. The present

study has therefore tried to evaluate the effect of chronic adrenocortical 

suppression or excess on ATPase activities in the liver, muscle and

testis of one month old chicks.



89

The nonspecific phosphomonoesterases (acid and alkaline phosphatase) 

are reported to be involved in a number of functions such as hydrolytic 

activity, regulation of pyridoxal phosphate metabolism, steroid 

transport, vitamin B metabolism, lipid metabolism, cellular differentia

tion and disintegration of tissue components, metabolic activities of 

testis and other reproductive organs and absorption and phosphorylating 

mechanisms (Acid phosphatase - Burstone, 1962; Shettan, 1964; Andrews 

and Turner, 1966; Dipietro and Zengerle, 1967; Pearse,1968; Klockars 

and Wagelines, 1969; Heinkrikson, 1969; Cohen, 1970; Blank and Synder, 

1970; Serrano et al.., 1976) and transmembrane transport mechanism,

calcification and growth, differentiation and metabolism of DNA and 

carbohydrate (alkaline phosphatase - Moog, 1946; Sols, 1949; Bradfield, 

1951; Rogers, 1960; Rosenthal et al., 1960; Simkiss, 1964; Rackallio,

1970).

cAMP phosphodiesterase a hydrolytic enzyme of cAMP can play a crucial 

role in regulating cellular cyclic AMP content, a well established second 

messenger for mediation of hormonal effects (Butcher and Sutherland, 

1962). In general, the activity levels of these enzymes have not been 

evaluated in avian tissues much less under hormonal manipulations. 

Hence an attempt has been made presently- to study the activity

levels of phosphomonoesterases and cAMP phosphodiesterase in liver, 

muscle and testis of post-hatched White Leghorn breed of chicks under 

induced adrenocortical suppression (by dexamethasone) and adrenocortical 

excess (by corticosterone).
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MATERIAL AND METHODS

As outlined in Chapter I.

RESULTS

Total, Na^-K*- and Ca++-Mg*+- ATPases in liver, muscle and testis

In general, muscle total ATPase activity remained unchanged except 

for reciprocal changes of increased Na+-K+-ATPase and decreased 

Ca++-Mg++-ATPase in DXM(H) treated chicks.

Liver showed decreased total ATPase activity with DXM(L), which was 

essentially due to a decrease in Ca -Mg -ATPase. However, both 

DXM(H) and corticosterone induced increase in total ATPase activity, 

more with the latter treatment. Both the treatments tended to increase 

both Na+-K+-ATPase and Ca++-Mg++-ATPase.

\
The total ATPase activity in testis was incresed with corticosterone

4.4, 44.

treatment which was mainly due to an Increase in Ca -Mg -ATPase 

activity. Though DXM(H) treatment did not alter the total ATPase 

activity in testis, there was a tendency for increase in Ca++-Mg++-ATPase 

and a decrease in Na+-K+-ATPase (see Table 1, Fig* ">)•
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Acid and Alkaline Phosphatase activity in liver, muscle and testis

The acid phosphatase activity did not register any significant change 

in the liver and muscle with dexamethasone treatment, however, the 

testis showed a differing response with an increase with DXM{H) and 

decrease with DXM(L). All the three tissues showed a similar signifi

cantly (P<0.001) increased response with regard to acid phosphatase 

activity under induced adrenocortical excess. No significant change was 

noted in the liver alkaline phosphatase activity with all the treatement 

schedules, while in the muscle a significantly (P<0.001) decreased 

enzyme activity was discernible with DXM treatments. The alkaline 

phosphatase in testis was found to be decreased in DXM(H) and cortico

sterone treatments (see Table 2, Fig, 2),

Cyclic AMP Phosphodiesterase (cAMP PDE) activity in liver, muscle
'/

and testis

The hepatic PDE activity was observed to be significantly (P<0.001) 

decreased with DXM treatments whereas the same was found to be 

significantly (P<0.001) increased with corticosterone treatment. Both 

DXM(H) and corticosterone treatments resulted in reduced cAMP PDE 

activity in muscle without any alteration in DXM(L) treatment. The 

testis did not depict any change in cAMP PDE activity under any of 

the treatments (see Table 3, Fig, 3),



CO ♦*
>»

D
X

M
(L

) : d
ex

am
et

ha
so

ne
 low

 do
se

; DXM
(H

) : d
ex

am
et

ha
so

ne
 hig

h d
os

e 
C

O
R

T
 : c

or
tic

os
te

ro
ne

V
al

ue
s ar

e m
ea

n ±
SE

 of 
no

t le
ss

 tha
n 8 

bi
rd

s, 
a : 

P -C
O

.0
01

; c : P 
<.

0.
02

; d : P 
<0

.0
5

A
lk

al
in

e p
ho

sp
ha

ta
se

 
p m

ol
es

 PN
P re

le
as

ed
/

10
0 m

g pr
ot

ei
n/

30
 mi

n
L

IV
E

R
 MUSCL

E TES
T

IS

20
1.

82
±2

0.
20

19
2.

62
 

± 8.
38

o
"xfl
CM 03

• •
CD O
CO tH 
tH 4-1

u
03 CD
O CO

• •
CO O
CO tH 
tH 4-1

I> CD
CO

o> o
44

CO
OeCM 
tH tH

• •
CO O

44

CO
CM CO 
^ CM

• *
^ o

tO 03
CO 03

* •
03 O

4-1

^ lO
in o

to +̂1

CM CO
CM CO

O ^

CO toCM tH

CO CM 
^ 41

CO tH 
in o*

CM tH
in 4-1

A
ci

d ph
os

ph
at

as
e 

p m
ol

es
 PN

P re
le

as
ed

/
10

0 m
g pr

ot
ei

n/
30

 mi
n

L
IV

E
R

 
M

U
SC

LE
 

T
E

ST
IS in cm

CO o

CO CM 
^ +1

in
CM CM

• •
tH

CO +1

u

co
in cm 
in -h

coO 03 
tH

CO tH
in 4-1

Oj CD 
[> O

rH 
tH +1

^ tH
CO tH

• •
in tH
tH +1

CO CM
CO l>

ro o
tH 44

CO
co intH CO

• •
o o
CN| +|

E> tH
03 CO

• •
CO
O +1

CO
CO 03

* ■
O CO
00 +1

tH tH 
tH 03

• •
CO CO 
£> 44

Mto LO
• #

tH CO 
tH 4-1 
tH

C
O

N
T

R
O

L

D
X

M
(L

)

D
X

M
{H

)

C
O

R
T

Ta
bl

e 2 
A

ct
iv

ity
 lev

el
s of

 aci
d an

d al
ka

lin
e p

ho
sp

ha
ta

se
 in 

liv
er

, mu
sc

le
 an

d 
te

st
is

 of 
ch

ic
ks

 trea
te

d wi
th

 dex
am

et
ha

so
ne

 and
 cor

tic
os

te
ro

ne
 for

 
30

 da
ys

.



95

-ujUJ 0£/ Ujajcud 6ui/ pasDajaj dNd sajoui xf

l
ON £2 to o«*■

oC\J

Q

Q

o
**x 
‘ «

a

■ f " TV* ;—;

CO

HCO
UJ

h-

oCM Oo
r
oCO

Oto
r

o
I
oCM

•uiiu o£/u|940Jd 6uu/pasD3|8J dNd sa|Ouu xf

OJ
d»
il

M
U

SC
LE

• P
«0

-0
0l

 
f)
 P

<0
-0

2 
O

 P <
 0

 • 
05

| 
1 A

ci
d P

as
e

[T
i] A

lk
al

in
e P

as
e

LI
VE

R

A
ct

iv
ity

 lev
el

s o
f a

ci
d a

nd
 alk

al
in

e p
ho

sp
ha

ta
se

s in
 liv

er
, m

us
cl

e an
d 

te
st

is
 of

 no
rm

al
 (N

), d
ex

am
et

ha
so

ni
se

d (
L a

nd
 H)

 an
d c

or
tic

os
te

ro
ne

 
(C

) tr
ea

te
d c

hi
ck

s



Ta
bl

e 3 A
ct

iv
ity

 lev
el

 of 
cA

M
P ph

os
ph

od
ie

st
er

as
e in

 live
r, m

us
cl

e an
d 

te
st

is
 of 

ch
ic

ks
 trea

te
d wi

th
 dex

am
et

ha
so

ne
 and

 cort
ic

os
te

ro
ne

 
fo

r 30
 da

ys
.

96

D
X

M
(L

) : d
ex

am
et

ha
so

ne
 low

 dos
e;

 DXM(
H

) : d
ex

am
et

ha
so

ne
 hig

h d
os

e 
C

O
R

T : 
co

rti
co

st
er

on
e

V
al

ue
s ar

e m
ea

n ±
SE

 of 
no

t le
ss

 tha
n 8

 bir
ds

.

cA
M

P p
ho

sp
ho

di
es

te
ra

se
 

jjg
 P0

4 re
le

as
ed

/m
g p

ro
te

in
/3

0 m
in

LI
V

ER
 

M
U

SC
LE

 
TE

ST
IS £> 05 

nT CO

to o 
+1

rH
CO CM

CO O 
+1

O 05 
rH CO

to o•H

4.
35

±0
.3

2

rH CO
CO CM

■ •
in o +i

O 05
O

in o +1

CO
rH
CM rH

CM O 
•H

'U
rH
CO crH

• •
O
■H

rH rH 
rH CM

« •
^ O 

+i

CO
05
O CM

• •
cm o +!

co
rH

to o* CM
CM *

O

CO
cm nr 
in to

in o+i

C
O

N
TR

O
L

D
X

M
(L

)

D
X

M
(H

)

C
O

R
T

P <
0.

00
1;

 d : P 
<0

.0
5



I------------------------ 1------------------------ 1------------------------
(£> <3- C\J O fO

•ujui o£/ul.940jd 6uj ^
/p9SD9|3J a^oqdsoqd s9|om W r“

A
ct

iv
ity

 lev
el

s o
f lC

A
M

P P
ho

sp
ho

di
es

te
ra

se
 in 

liv
er

 mu
sc

le
 

an
d te

st
is

 of 
no

rm
al

 (N
), 

de
xa

m
et

ha
so

ni
se

d (L
 an

d H
) a

nd
 

co
rt

ic
os

te
ro

ne
 (C

) tr
ea

te
d c

hi
ck

s.

LI
VE

R
 

M
U

SC
LE

 
TE

ST
IS

• -
P<

O
O

O
I 

O
 -P

<0
 05

rc
A

M
P P

H
O

SP
H

O
D

IE
ST

ER
A

SE



98

DISCUSSION

The enzymological and biochemical profiles of avian tissues under 

hormonally induced dishomeostasis have received no attention in the 

adult conditions in general and during development in particular. The 

present observations deal with alterations in enzymes (not directly 

related to intermediary metabolism) in the liver, muscle and testis 

of White Leghorn breed of chicks treated chronically with dexamethasone 

and corticosterone for one month. The observations indicate that of 

the two phosphomonoesterases, acid phosphatase activity is elevated 

significantly in liver and muscle of corticosterone treated chicks 

(hypercorticalism) while in the testis it is decreased under DXM(L) 

(hypocorticalism) and increased under DXM(H) and corticosterone treat

ments. Apparently, hypocorticalism does not show any alterations in 

the activity of acid phosphatase in liver and muscle, while hypercorti

calism has a definite stimulatory influence. In contrast, alkaline 

phosphatase activity was decreased in the muscle under hypocorticalism 

while that of testis showed significant decrease under DXM(H) and 

corticosterone treatments. High activity of acid phosphatase in the 

muscles of rat has been associated with regressive changes (see Lojda 

and Gutmann, 1976) and increased proteolytic activity (see . Gutmartn 

et al., 1976). In this light, the previous observation of decreased

protein contents in liver and muscle in corticosterone treated chicks 

(Chapter IV) and the present observation of increased acid phosphatase

activity in the liver and muscle of corticosterone treated chicks are
that

correlatable. Moreover, the present observation suggests / hypocorticalism
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might decrease muscle alkaline .phosphatase activity in developing 

chicks. The changes in the testis when compared to those of liver 

and muscle tend to suggest a tissue specific differential effect of 

dexamethasone and corticosterone. The increased acid phosphatase 

coupled with decreased alkaline phosphatase activity under DXM(H) 

and corticosterone treatments might have a definite correlation with 

the earlier observed retardative and/or regressive alterations in the 

testis of DXM(H) and corticosterone treated chicks (Chapter II and 

VIII). More or less reverse pattern of changes in enzyme activity under 

DXM(L) coupled with progressive histological and histochemical changes 

observed earlier (Chapter II and VIII) tend to suggest a retardatory 

effect of adrenal corticosteroids in the progressive development and 

differentiation of testicular elements in the early phases of postnatal 

development of chicks.

Limited literature available on hormonal regulation of ATPase activity 

has indicated both, corticosteroids and thyroid hormones, to have a 

regulatory function (see Geering et al., 1982). Both these hormones

have been shown to have a stimulatory influence specifically on 

Na+-K+-ATPase in organs involved in sodium transport. Based on such 

a study, Klein et al. (1984) have concluded that corticosterone and 

T3 regulate rat renal cortical Na+-K+-ATPase activity via parallel 

independent pathways and that corticosterone appears to be the major 

regulator. However, study on hormonal regulation of Na+-K+-ATPase 

biosynthesis in the toad bladder (Geering et al., 1982) has shown that
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aldosterone has a stimulatory influence on Na+-K+-ATPase while Tg exerts

an antagonistic effect to this response. Based on these observations

Geering et al. (1982) concluded that thyroid hormone dependent induction

of Na+-K+-ATPase synthesis in various mammalian tissues may be an

important factor in the transition from poikilothermy to homeothermy.

Generally, stimulatory influence of cortisol on Na+-K+-ATFase activity
et al.,

in the intestinal mucosa and gills of fishes has been noted (Pickford^ 

1970; Epstein et al., 1971; Forrest, et al., 1973; Saunders and

Henderson, 1978). However, studies by Langdon et al. (1984) on the 

Atlantic Salmon suggest the pituitary-interrenal axis to be only partly 

responsible for increasing Na+-K+-ATPase activity. Convincing studies 

on hormonal regulation of ATPase activity on avian tissues have not 

been attempted. The present study on ATPase activity of liver, muscle 

and testis of developing chicks has revealed definite alterations in

enzyme activity which are not however correlatable in a straight forward 

manner, and appears a bit intriguing. Based on the results, certain 

generalizations that can be drawn are that (1) Total ATPase activity 

in general increases under corticosterone treatment in all the three 

tissues which is essentially due to an increase in Ca++-Mg++-ATPase 

with concomitant decrease in Na+-K+-ATPase (though in the muscle, 

Na+-K+-ATPase activity was not affected). (2) Dexamethasone induced 

adrenocortical suppression depicts varying changes in the three tissues 

with

(a) DXM(L) decreasing total ATPase activity in liver

(significantly) and muscle (nonsignificantly), which is

paralleled by decreased Ca++-Mg++-ATPase activity and
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(b) DXM(H) increasing total ATPase activity in liver only with
■ | XX XX

Na -K - and Ca -Mg -ATPase being affected differentially.

Though both the ATPases were increased in liver, the former was 

increased and the latter decreased in muscle and vice versa in the 

testis. These changes imply that chronic corticosterone treatment in 

chick increases total ATPase activity essentially by increasing the 

Ca++-Mg++-ATPase, and probably also decreases Na++-K+-ATPase. This 

is in contrast to the reported ability of corticosteroids to elevate 

Na+-K+-ATPase activity as per the literature cited earlier. This is

4.4. 4.4.
confirmed by the observed decrease in Ca -Mg -ATPase activity under 

DXM(L) treatment with no change in Na+-K+-ATPase activity, which 

is in contrast to the reports of Chignell and Titus (1966) and Jorgensen 

(1968) of a 47% reduction in rat renal Na+-K+-ATPase activity after 

adrenalectomy. Obviously, the only conclusion that can be drawn is 

that in developing chicks, corticosterone regulation of ATPase activity 

is immature and differential. A direct correlation between corticosterone 

and Ca++-Mg++-ATPase activity can be deduced at this stage. However, 

with reference to Na+-K+-ATPase, it appears that while corticosterone 

excess suppresses its activity, corticosterone deficiency is without 

effect. Nevertheless the changes obtained with DXM(H) are rather 

enigmatic and defies any sound interpretation thus strengthening the 

contention that the regulation of ATPase activity by adrenal steroids 

is not yet fully established; or else the regulatory mechanism is

different from that of the adult condition.
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cAMP PDE activity can play an important role in cAMP metabolism as 

increased activity of this enzyme can lower cellular cAMP contents and 

antagonize cAMP mediated processes. Glucocorticoids have been identified 

as important agents modulating cAMP content by their suppressive effect 

on PDE activity (see Manganiello and Vaughan, 1972; Lee and Heed, 

1977; Ross jet al., 1977; Durand et al., 1983). This is further

emphasized by the reported increase in PDE activity after adrenalectomy 

(see Allen and Beck, 1972). In the present study on developing chicks 

neither DXM induced adrenocortical suppression nor corticosterone induced 

excess affected the PDE activity in testis while the same was affected 

in liver and muscle. Both DXM(H)' and corticosterone decreased PDE 

activity in muscle which is in keeping with the above mentioned PDE 

activity lowering effect of corticosteroids. However, the liver PDE 

activity was decreased under both DXM(L) and DXM(H) treatments and 

increased under corticosterone treatment. These may be construed as 

secondary adaptive changes characteristic of the prevailing Internal - 

milieu due to chronic adrenocortical suppression and excess. The 

decreased PDE activity in DXM(L) and DXM(H) treated chicks and 

increased activity in corticosterone treated chicks may in this context 

be correlated with the earlier observed increased and decreased 

glycogen contents respectively in DXM and corticosterone treated chicks 

(Chapter III). Overall, it could be concluded that DXM and corticosterone 

do induce tissue specific alterations in phosphomonoesterases, ATPases 

and PDE during early phases of postnatal development in White Leghorn

chicks.


