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EFFECTSOF PROLONGED ADMINISTRATION OF LARGE DOSES OF
ACTH ON BUFO MELANOSTICTUSTADPOLES
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Background and Methods: The present study reports the effects of different ACTH preparations,
in similar and different concentrations on Bofo Melanostictus Tadpoles. Results: ACTH
administration proved antagonistic to tadpole growth hormone. There seemed to be no dose-effect
response when ACTH was administered in 0.02 1U/ml instead of 0.01 1U/ml. Similar ACTH
concentrations with difference of manufacture showed varied biological potency. Conclusions:
This perhaps indicates loss of effectiveness due to change from ACTH 124 to ACTH }18 to

ACTH 1-10 in descending order.
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INTRODUCTION

It is known that antagonism exists between the
individual hormones of the anterior lobe. A number
of direct observations show that adrenocorticotropic
hormone (ACTH) antagonises growth hormone
(STH), thyroid stimulating hormone (TSH) and
gonadotropic hormone.* One of the causes for this
state of mutual opposition stems from the increased
synthesis of ACTH. This indicates that excess ACTH
is produced at the expense of other pituitary
hormones. As a consequence of this enhanced
discharge of ACTH, secretion of STH isinhibited.?
However, it has been reported that intravenous
administration of synthetic or porcine (but no bovine)
ACTH leads to a transient elevation of plasma
growth hormone concentration in adults.3*

Therefore, the purpose of the present study presents
the effects of prolonged administration of large doses
of ACTH on Bufo Melanostictus tadpoles.

MATERIAL AND METHODS

Field ponds usually contain tadpoles of severa
simultaneous hatchings; collection of such animals
indicate variability in the standards of experimental
parameters. In order to avoid such variations,
numerous Bufo melanostictus tadpoles belonging to
single hatchings were collected separately, from a
variety of ponds at the University Campus.

After bringing them to the laboratory, the tadpoles
were divided into suitable groups and were given
refined suspension of parboiled spinach.®> Thus they
were alowed to acclimatise for a day or so.
Premetamorphic tadpoles were used in these
experiments, since physiological  connections
between pituitary and hypothalamus are established
by the time they reach stage 52 of the normal table of
Xenopus laevis.®® The tadpoles were selected with
the help of a hinocular microscope. After
measurement, individuals of the same size were
randomly divided into comparable groups of control
and test.

Growth Correlations

It may be stated that during development, there
appears to be a gradual unfolding with time of
anterior pituitary and receptor-gland hormones; that
regulate the final size, form and body parts. This
elaboration of growth is indicative of a second phase
of specific constitutional growth potential provided
by the genotype of the egg. During this phase, the
growth regulating hormones gradually take over the
function of coordination and regulation of final size.’
However, growth is aso dependent upon
environmental factors;, since nutrients, oxygen
supply,’® and temperature have an effect on the
physico-chemical  background** in which the
synthetic processes of growth take place. Therefore,
growth of Bufo melanostictus tadpole can be worked
out by measuring its body size. As matter of fact, a
decisive evidence of growth has also been sought
recently through the use of these measurements.

M ethod of Measurement

Since, growth follows the expression of size and
weight, the growth of Bufo melanostictus tadpole can
be worked out by measuring its body size. The
method adopted for this purpose was similar to that
described by Ahmad and Mukarram.*?** In order to
measure each tadpole, a nylon net was used to
introduce a tadpole into a 6 cm diameter glass Petri
dish in the absence of water. As soon as the tadpole
ceased its wriggling movements; the Petri dish was
tilted slightly towards the head side. By dliding, the
tadpole body was shaped into a straight line. The
Petri dish was placed on a glass bearing a millimetre
grid and the length of the tadpole, from head to tail
was noted.

Design of Experiments

Space is a major factor in the growth rate of tadpoles
and crowding has been reported to accelerate
metamorphosis by  operating through the
hypothalamic mechanism in anuran tadpoles**
therefore, animals thus measured were divided at
random into 6 groups of 20 individuals each and kept



in separate tanks.® Thus, test and control groups
were maintained in similarly healthy conditions.

It is known that growth cease from the direct
inhibition of pituitary functions following the
cachexia of inanition and under feeding. Thus for
feeding, 60 grams of parboiled spinach was liquefied
with a small quantity of dechlorinated water and the
volume was made up to 1000 ml by the addition of
water. Each day, 1 ml of this suspension per tadpole
wasintroduced into each tank.>'618

Since, temperature is a measure of molecular
agitation, it limits the rate of chemical reactions and
thus it is one factor in the control of growth and
metabolism? Tadpoles correspond in  body
temperature to that of their environment. Any
fluctuation in the environmental temperature will
have a direct bearing on the chemical reactionsin the
larval body. Enzymatic reactions are greatly
influenced even by adlteration of the aquatic
temperature.*®

Small aguatic animals, especialy if their muscular
activity is low, have a body temperature that closely
approximates to that of the surrounding water. As
might be expected, the temperature of a small plastic
tank exposed to environmental temperature from all
directions, compared to that of a pond, is easly
aterable. Thus the amount of water is an important
agent in the acquisition of surrounding temperature.
Thus, arise or fall of temperature causes oscillations
in the metabolic activity of the tadpole.*™

In brief it was, therefore, in the interest of the
investigation to maintain the external temperature at
which the species normally lives and that in which
the Bufo melanostictus tadpoles have lived recently.
Since, higher temperatures favour thyroid stimulating
hormone (TSH) over the growth factor production in
pituitary and  accelerate  metamorphosis.?®*
Therefore, the tadpoles were kept under fairly
constant temperature (28+1° C) during the
experimental period.??

RESULTS

An examination of the data of experiment 1 (table, 1)
indicates that Bufo melanostictus tadpoles maintained
for 11 days in a solution of 0.01 1U/ml ACTH
showed retarded growth. The effect of the dose was
visible from the 2" day of the treatment. The
difference of growth between control and test 1
became more dominant with the advance of time. By
the 11™ day test 1 tadpoles were 0.57 mm shorter
than control, although the difference of mean lengths
between test and control groups was hon significant.

On the other hand, test 2 tadpoles maintained in a
solution of 0.02 IU.ml ACTH showed slower growth
than test 1 tadpoles. The effect of ACTH was more
obvious from the next day of treatment, however
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tadpoles showed a non significant reduction of mean
body length in comparison to control group. Thus test
2 tadpoles were 0.49 mm shorter than control but
0.08 mm larger than test 1 tadpoles.

A consideration of the data of experiment Il (table 2)
indicates that test 1 tadpoles maintained for ten days
in 0.02 IU/m ACTH showed a non significant
regressed growth, whereas, test 2 tadpoles maintained
in asimilar solution of adifferent preparation showed
a significant retarding effect than test 1 tadpoles
(p<0.05, t-test). Thus, test 2 tadpoles were 4.11 mm
and 3.74 mm shorter than control and test 1
respectively.

Hind limbs were present in 65% control of
experiment 1 by day 9; in 70% by day 10 and 100%
by day 11. Controls also showed 10% erupted fore
l[imbs by day 11. Hind limbs were present in 5% test
1 tadpoles by day 9; in 65% by day 9 and 70% by day
11. While, hind limbs were present in 20% of test |1
tadpoles by day 9 and in 70% by day 10. However,
10% showed emerged for limbs.

Tadpoles of both the tests showed more or less the
same size.. All the test animals showed similar
retardation of head, eyestrunk and tail.

Despite the ACTH solutions being made from the
same stock; the affect of higher doses, failed to
produce a difference in size between the tests.
Moreover, there was non-significant difference
between the control and tests. However, test tadpoles
were somewhat darker than controls as the most
significant extra-adrenal action of ACTH is the
stimulation of release of melanocyte stimulating
hormone. %

Hind limbs were present in 10% controls of
experiment | by day 8; in 65% by day 9 and
emergence of fore limbsin 10% by day 10. On the
other hand, 50% test 1 showed hind limbs by day 9
and 60% by day 10. However hind limbs were absent
intestll.

Table-1: Effect of 0.01 and 0.02 1U/ml *ACTH on
the growth of premetamor phic Bufo melanostictus
tadpoles. (Body length (mm) as meanx SD, n=20)

Days after Control Test-1 Test-11

treatment Normal 0.01 1U/ml 0.02 1U/ml
1 9.00+0.0 9.00+0.0 9.00+0.0
2 10.00+£0.0 9.95+0.22 10.00£0.0
3 11.60+0.50 11.40+0.60 11.85+0.37
4 13.30+0.47 13.25+0.55 13.30+0.47
5 14.75+0.44 14.50+0.61 14.75+0.44
6 16.50+0.61 16.40+0.60 16.47+0.41
7 18.20+0.62 17.95+0.90 17.95+0.60
8 19.40+0.75 18.85+1.04 18.95+0.89
9 20.05+0.89 19.05+0.94 19.20+1.15
10 20.10+£0.79 19.40+0.94 19.40+0.94
11 20.17+0.92 19.60+0.94 19.68+1.00

* ACTH supplied by Armour Company.




The difference in mean length of control, as well as
both the tests, was statistically significant. Some of
the tadpoles of test 1 remained shorter than others,
indicating more sensitivity to the hormone. On the
other hand, tadpoles of test I remained much smaller
than control and showed a pal e pigmentation.

Table-2: Effect of 0.02 1U/ml ACTH on the growth
of premetamor phic Bufo melanostictus tadpoles.
(Body length (mm) as mean+ SD, n=20)

Days after [ Control Test-l Test-lI

treatment Normal 0.01 IU/ml | 0.02 IU/ml
6.00t00 | 6.00+0.0 6.00+0.0
7.10+0.31 | 6.90+045 | 6.50+0.51
825055 | 8.15+0.67 | 7.05+0.40
9.75+0.85 | 9.60+1.10 | 7.63+0.68
11.10+1.16 | 11.00+1.30 | 8.42+0.69
12.45+1.54 | 12.45+1.50 | 8.94+1.06
13.90+1.89 | 13.75+2.00 | 9.11+1.68
15.55+2.19 | 14.90+2.24 | 10.28+154
16.21+2.02| 15.75+2.38 | 12.33+1.78
10 17.11+1.91| 16.74+2.60 | 13.00+1.31
*ACTH prepared by SIGMA, ** ACTH supplied by
FREDERIKSBERG CHEMICAL LAB. LTD. COPENHAGEN

DISCUSSION

Presently, the most important use of ACTH is, as a
diagnostic agent in adrenal insufficiency. For this
purpose ACTH is administered and if there is no
acute response; prolonged administration can be
carried out.>>® ACTH used for experiment | was less
potent and is available as a sterile solution, but the
other two preparation obtained in the form of
lyophilized powder were more potent than the first
one. Test 2 tadpoles of experiment 2 showed
hypersensitive reactions to the last preparation.
Investigations on the structural activity relationships
of ACTH indicate that the 24 aminO-acid fragment of
ACTH; i.e. ACTH 1-24 is equipotent or slightly
more potent than the parent 39 amino-acid
molecule.?”% The C-terminal sequence, starting with
amino acid 25 is a vestigia appendage and has no
biological role. The peptide from ACTH %24 to
ACTH 1-18 is associated with a decrease in
biological potency.?? By removal of one or more of
the dibasic amino acids at position 15 to 18 a great
reduction in potency follows*°®? ACTH 1-10 in
large  doses stimulates  steroidogenesis in
hypophysectomised rats*! and is possibly the “active
center” of the molecule. Nevertheless the grouping of
the dibasic amino acids is one of the important
affinity sites of the ACTH molecule. Thus, the three
ACTH preparations studied in this investigation are
possible indicative of the potencies of the ACTH
fragments, ACTH +10, ACTH 1-18 and ACTH 1-
24 respectively.

It is known that the overproduction of ACT
stimulates the normal adrenal glands to produce
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excessive amounts of glucocorticoid. ACTH
administered exogenously the resulting secretions of
glucocorticoids and aldosterone® were also involved
in suppressing the growth hormone action in test
tadpoles.

REFERENCES

1. Ress M. Suprarena cortex activity in the endocrine
equilibrium of humans In: Yoffey R. The suprarend cortex
London, Butterworths, 1953, pp. 134-139.

2. Ahmad M, Ashraf J Siddiqui PQR, Khan KR. Levelsof liver
glycogen during norma and radiation induced
metamorphosis in Rana cyanophlyctis. Acta Anat 1979;105:
338-43.

3. Lee PA Keenan BS Megeon CJ, Blizzard RM. Effect of
various ACTH preparations on the secretion of growth
hormone in normal subjects and in hypopituitary patients. J
Clin Endocrinol Metab 1973;37: 389-96.

4. Messer WS, Pituitary hormones |l. Pro-opimelanocortin,
ACTH, TSH, FSH and LH. Med. Biol. Chem. Univ. of
Toledo 2000.

5. Ahmad M, Sddiqui SS. The relationship between capillary
area and red cell eccentricity a metamorphosis in Rana
cyanophlyctis. Zool. Anz. 1976]197:332-4.

6. Nieuwkoop PD, Faber J. Norma table of Xenopus laevis.
(North Holland, Amsterdam) 1956

7.  Ahmad, M. and Billett, F. S. (1977a). Effects of X-rayson
the spermaries and ovaries of Xenopus tadpoles. Acta anat.
99: 54-57.

8. Ahmad, M. and Billett, F. S (1977b). Regeneration of the tail
of X -irradiated Xenopus tadpoles. Actaanat. 99: 160-165.

9. Needham, J. (1942). Biochemistry and morphogenesis,
Cambridge University Press, Cambridge England.

10. Warkentin KM. Hatching timing, oxygen availability and
externa gill regression in the tree frog, Agaychnis
calidryas. Physiol. Biochem. Zool. 2002;75(2) 155-64.

11. Berzins DW, Bundy K. Bioaccumulation of lead in Zenopus
leavis tadpoles from water and sediment. Environ. Int.
2002;28(1-2) 69-77.

12. Ahmad M, Niaz GR, Billett FS. The effects of DNA
administration on the growth of X-irradiated Xenopus
tadpoles. Acta. Anat. 1978;100:375-9.

13. Ahmad M, Mukarram M. The effect of gammarays
irradiation on the size and weight of Rana Cynophylyctis
tadpoles. Agriculture Pekistan 197728: 77-80.

14. Ahmad M, Adeeba S Adhraf J. Andysis of tadpole growth
following gammaray irradiation. Acta anat. 1978;101:353-8.

15. Ahmad M, Adeeba S Humera A, Siddiqui PQR. Gamma
rays as stressors of tadpoles growth, Radiobiol. Radiother
1979;105:134-9.

16. Ahmad M, Sddiqui SS. The relationship between erythrocyte
types and surface area in Rana cyanophlydis tadpoles.
Agriculture Pakistan 197726:223-7.

17. Ahmad M, Sddiqui SS. The relationship between the red cell
forms and surface aea during thyroxineinduced
metamorphosis in Rana cyanophlyctis. Acta Physiol.
Latinoam 197626: 447-52.

18. Ahmad M, Sddiqui SS. The relationship between the
capillary area and red cell eccentricity at radiation induced
metamorphosis in  induced metamorphosis in  Rana
cyanophlyctis. Schneider. Zool. Anz. 1977198:193-8.

19. Bennett JP, Frieden E. Comparative Biochemistry. Forkin
M, Mason HS eds 1978;pp 483.

20. Etkin W. Metamorphosis; in Moore, Physiology of
Amphibia. Academic Press, New Y ork.1964

21. Denver RJ. Environmenta stress as a developmental cue:
corticotropin — releasing hormone is a proximate mediator of



22.

23.

24.

25,

26.

27.

28.

adaptive phenotype plasticity in amphibian metamorphoss.
Horm. Behav. 199731: 169-179.

Ahmad M Sddiqui SS. Physiology of circulation in the
architecture of anura. Z Mikrosk -anat Forsch. 197993:161-8.
Hu F, Chavin W. Hormonal stimulation of melanogenesisin
tissue culture. J. Invest. Dermatol. 1960.34:377-91.

Lecturer BA, Nilsson EP. Direct effects of corticotropins on
plasma lipoprotein in man. Studies in vivo and in vitro.
Metabolism 1994:43-90.

Gringpoon SK, Biller BMK.Laboratory assessment of adrenal
insuffiency. J. Clin. Endoainol. Metab. 1994;79: 923-31.
Marik PE. Adrenal insuffiency in the critically ill, anew look
a an old problem,. Chest 2002;122 (5): 1784-96.

Seeling S Sayers G, Schwyzer R, Schiller P. Isolated adrenal
cells: ACTH 124, a competitive antagonistof ACTH 139
and ACTH 1-10. FEBS Letters. 1971,19: 232-234.

Hofmann K. Relation between chemica structure and
function of adrenocorticotropin and melanocyte stimulating
hormone. In: Handbook of Physiolgy. (Greep, R. O

20.

3L

32.

Pak J Physiol 2005;1(1-2)

Astwood, E. B Eds) Am. Physio. Soc. Washingon D. C.
1974.Pp. 29-32.

Ahmad M, Haider N, Siddiqui PQR. Effects of deamethasone
(DXM) on the growth of gamma-irradiated tadpoles. Acta
anat. 1979;105: 135-139.

Ahmad M, Hasan R, Khan KR. The effects of spironolactone
on the growth of premetamorphic tacpoles. Kar. Univ. J. Sc
1983;11(1):93-101.

Ney RL, Ogata E, Shimizu N, Nicholoson WE, Liddle GW.
Structure-function relationship of ACTH and MSH
analogues. In: Proceedings of the second International
Congress of Endocrinology, edited by S. Taylor. Amsterdam:
Excerpta Medica Foundation 1965;1184-91.

Wolterink G Van Reem JM, Van Nispen W, De Wied D.
Structurd modifications of the ACTH (4-9) analog ORG
2766 yields peptides with high biological activity. Life Sci
1991, 48: 155-61.

Sdassa RM, Kearns TP, Kemndian W, Sprague RG
MacCarty CS. Pituitary tumorsin the patientswith Cushing's
syndrome. J Clin Endocrinol Metab 1959;19:1523-39.

Address For Correspondence
Mahmood Ahmed, Department of Physiology, University of Karachi.



