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DEXAMETHASONE INDUCED ALTERATIONS IN GLUCOSE TOLERANCE

ANb. INSULIN, GLUCAGON AND ADRENALINE RESPONSES DURING
THE FIRST MONTH OF POST-HATCHED DEVELOPMENT OF °

WHITE LEGHORN BREED OF CHICKS

The immediate post-hatched phase of chick development is marked by
changes in metabolic attributes (Rajeha et al., 19713)., A shift in
emphasis from gluconeogenic 1lipid utilization in the embryonic phase
to glycolytic carbohydrate wutilization in the post-hatched phase is
characterized by changes in tissue metabolite contents and enzyme
activities (Raheja et al., 1971a; Hazelwood, 1986). The post-hatched
phase of development can be considered as a phase of metabolic
modulations leading to adaptive physiological maturation and adult
homeostatic pattern. This phase of development is alsc an iniricate
one involving changes in secretory dynamics of various endocrine glands
and alterations in target sensitivity to various hormones, ultimately
producing a functional interrelationship and target sensitivity of the
adult types. In this behest, it is presumable that any single endocrine
disfunctioning can have profound effects on the physiology of the
organism in this sensitive phase as the progressivels; balancing dynamics
of interaction between the various hormonal principles get disrupted.
Adrenocortical hormones being permissive hormones for the actions of
other hormones, any alteration in their circulating titre during post-natal
development of chicks could have profound effects. This is corroborated
by the wearlier observations of alterations in carbohydrate, protein
and lipid metabolism by the functional manipulation of adrenal cortex

(Chapters 11I, IV and V). It is presumbale that the response of the
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chicks to various other hormones under altered functional status of
the adrenal cortex would be altered. The present chapter &n this
context addresses to this contention and has evaluated glucose tolerance
and, insulin, glucagon and adrenaline responses in terms of glycemic

levels in DXM treated chicks in a state of functional hypocorticalism.

MATERTAL AND METHODS

As outlined in Chapter I.

RESULTS

The glycemic level after glucose loading and insulin, glucagon and
adrenaline injections and the percentage alterations are represented
in tables and figures 1 - 4 and 1la -4a. For the sake of convenience
and ease of discussion, the per minute glucose elevation rate and
subsequent per minute glucose clearance rate after glucose, glucagon
and adrenaline administration and the per minute glucose clearance rate
and subsequent glucose normalization rate after insulin administration
have been calculated. These rates together with the respective elevation

to clearance or clearance to normalization rates are given in table 5.

Glucose tolerance test (GTT)

One day old chicks

Maximum hyperglycemic condition due to glucose loading in one day
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old chicks was obtained by 30 minutes (17.4%). Subsequently the blood
glucose level dropped steadily and attained fasting levels by 120 min
which further got reduced to a hypoglycemic condition by 150 min.

Thereafter normoglycemia was attained by 180 min.

10 day old chicks

The basal glucose level was significantly low (P < 0.01) in dexametha-
sonised chicks prior to glucose loading throughout the present study.
Maximum glycemic condition (only 15.4%) was attained by 120 min in
dexamethasonised chicks while in the case of control it was recorded
by 90 min (28.2%). Fasting level was attained in the control by 150
min, while in the treated chicks the glucose levels decreased beyond
the fasting levels (-15.7%) by 180 min and continued to remain so even

at 240 min.

20 day old chicks

After glucose loading, the maximum hyperglycemic condition (17.4%)
was attained by 30 min in control and 60 min in dexamethasonised chicks
(6.8%). On a percentage basis, the glucose elevation was significantly
less in DXM treated chicks compared to that of controls. The recovery
was faster in the case of DXM treated chicks (90 min) as compared

to controls (120 min}.

30 day old chicks

In control chicks, maximum hyperglycemia of 17.6% occurred at 60 min
after glucose loading and normoglycemia was established by 120 min.
Thereafter there was increasing hypoglycemia at 210 min. In contrast.

DXM treated chicks showed a very gattenuated hyperglycemic condition
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(2.8%) at 30 min, whereafter there was a progressively increasing

hypoglycemic condition from 60 to 180 min.

Insulin response test (IRT)

One day old chicks

The glucose level after insulin injection dropped by 42.6% within half
an hour which further got accentuated to 75.5% by 210 min without

any trace of recovery.

10 day old chicks

The basal glucose level was significantly low (P <« 0.02) in DXM treated
chicks. Insulin induced hypoglycemia was maximal at S0 min in both
control (61.2%) and experimental (85.8%) groups of birds, after which
the levels started increasing gradually though normoglycemia was not

attained even by 240 min.

20 day old chicks

The basal glucose level was significantly low (P £ 0.01) in DXM treated
chicks. Insulin induced hypoglycemia was maximal at 90 min in control
(561.1%) and at 120 min in experimentals (85.5%). Recovery to normo-
glycemicf level was more gradual and slow in dexamethasonised chicks.

Even by 4 hrs DXM treated chicks did not reach normal glycemic levels,

30 day old chicks

The basal glucose level was significantly low (P ( 0.01) in dexametha-
sonised chicks. Maximal hypoglycemic condition subsequent to insulin
injection was attained at 90 min in both groups of chicks with a

relatively more pronounced decrease (75%) in DXM treated chicks
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compared to controls (62.6%). Though normoglycemia was not established

even after 240 min in both DXM treated and control chicks, the recovery

to normoglycemia was more slow and gradual in dexamethasonised chicks.

Adrenaline response test (ART)

One day old chicks v

The blood glucose level after adrenaline injection showed maximum
hyperglycemia (28.2%) by 90 min. However, second peak of hyper-
glycemia was observed at 180 min after lowered levels at 120 and

150 min. By 210 min, normoglycemic condition was established.

10 day old chicks

Maximum hyperglycemic condition (20.7%) was reached by 30 min in
DXM treated chicks while maximum percentage elevation (32.8%) in the
control was observable at 890 min. In both groups apparent normoglycemia
was attained immediately {(at 120 min in controls and 90 min in

experimentals).

20 day old chicks

Maximum hyperglycemia in response to adrenaline administration was
attained at 60 min in experimentals (54.2%) and 90 min in the contirols
(26.2%). Thereafter the blood glucose level declined in both groups

and reached normoglycemia by 180 min.

30 day old chicks

The maximum hyperglycemia in contrel chicks in response to adrenaline
occurred at 120 min which was 34.9% on a percentage basis. On the

other hand, in DXM treated chicks a maximum elevation of only 15.1%
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occurred by 30 min. The subsequent fall in the glucose level was very
gradual in the case of controls w{th the result that normoglycemia was
not attained even at the end of 240 min while it was very steep in
the case of experimentals resulting in significant  hypoglycemia by
120 min. This hypoglycemic condition reached its maximum by 180 min,
whereafter, there was very gradual increase in glycemic level though

not reaching normoglycemia even at 240 min,

Glucagon response test {GRT)

One day old chicks

Glucagon induced maximum hyperglycemia was attained by 90 min which
was only 10.6% and reached normal level by 180 min which further
got reduced to hypoglycemic condition at 210 min before recovery again

by 240 min.

10 day old chicks

Though there was a significant decrease (P «£0.02) in basal glucose
level in dexamethasonised chicks, the glucagon induced hyperglycemic
condition was significantly higher in relation to the controls. Maximum
hypergiycemic condition was reached at 120 min in pXM treated chicks
(97.4%) as compared to the 21.5% in controls at 90 min. While in the
experimentals there was a steep fall in glycemic level ultimately reaching
a significant hypoglycemic condition by 180 min which started recovering
to normoglycemia thereafter; the controls attained normoglycemia by

150 min itself.

20 day old chicks

The maximum elevation in blood glucose in response to glucagon was

attained at 60 min in both the <control and experimental chicks.



LN

b

*sanfeA [ewaou Suipuodsalaod yitm juestytudis zo0> d = T00°0>7 d s%x
"eInuUIW 0I8Z Yilm JUBDYIUSIS G0°0>d P 1g0°0>d 9 ‘T0°0>d i Q  100°0>d : ® ,
80°LCF 60°6T% v0° 22+ LT°P1= 18° 11+ 69782 GG 9T+ 7°6 + EL°S 7
0€° 181 0T ELT 06°20z  ,88°99T ¥9°€81 89°0VZ  B6°9€EC 2o'viZ 297961 Wxa 8
Q.
Lz°g ¥ €EPI+ 50" LI+ S0 8T+ 08°82% vE 627 06°9Z% 9y vI= 69°G ¥ &
p8879ET  ,9€7LST  ,G9°€9T  9V°89T  HTO'OTE  GIBTTIF  GILT96E  EP°TIE £0°8TZ 2 @
ST'% = v0'8 ¥ oL vI+ ¥G'E ¥ TAREEE: 08°9 * 10°8 * v6'v 01°8 = )
ZS8°SEeT 2T°veT 20" vZ1 GE"LST €2°GLT €8°L9T €T° 68T s9°zer 687691 Wxa =
[}
[+M]
LB'E = 6EL LZ°L A 8€°21+ €G6°8T¥ £G6°62F 08°52% E0°V * <
gl8'6LT - L06°08T  ,L9°68T  ,86°66T 80°112 92°9¥Z  09°6LE  GT1796C 00°€22 o)
9z 11+ 00°8 = ov'9 = 0Z°9v+ 02°2¢+ 08°ST+ 0L €T+ o0v'g = t
€2°9¥T  OT'SET  g09°99C  L0€'EEE  L00°TTE  L00°64Z  GOL'6VZ 08°89T WXa e
® o,
%)
07'8 = Z8°9 = ov's = 09°v ¥ 0L°L = 0Z2°ST* 0T 1T+ €e°L ¥ 00°6 = <
0T LLT 0€°L8T 09°G6T 0€°002 06°602 0Z2°2¥2 06222 00°50z 06°66T 3
L9°ET+ 8Z°L ¥ 00" 91+ AMIIL: 08°8 ¥ vvpIE LT €T+ S6°0T+ 1L°9 = 29
9v°6Tz ;2978027 91°612 0% '6€2 62°8V¢ 97 °€ST LE"9VT £2°V€2 86°822 2 <@
jogio B}
0¥z 012 08T 0ST 0zt 06 09 (1] 0 m, &
—
S@jnuUIW Ul oW e

*dS+ uesp se pajussaadsa pue poorq Tugpr/Sw ur passasadxa aae sanyea
*juswdoreaap payodiey-i1sod jo yluow 3ISJIIJ 9yl Suranp SHOTYD (WX({) PISTUOSBY1aWEXSP
pue (D) t(ewaou ur suorlos{ur uolesnid Jajje sS[9A9] ITwWaDAI8 ur suorjesj(e jesrdoroucayn § 9qel



d ‘sanjea TewaJou Surpuodsalron a8yl Witm Juedstytuldis T00°0> 4 - ©
N

L o ]
SI'T = 1€°T = £€°0 * ge'T = A L9°Z ¥ £V°T = 8€°0 ¥ w
gOL°L = 0B'TI-  OT°€ 09°ST-  ,08°9 - 07°ZZ 20602 208°8 WXa M
0€°0 ¥ 911 = 91°1 ¥ SS°T ¥ 16°¢ = $€°9 = €5°'G 3 66°T &
09°8 £0'8T 06°0Z 01°€2 01°2% 0€°68 06°18 0Z°e¥ 0 @
19°0 * ZAR L1°¢ 91°'0 = S0°0 ¥ $0°0 ¥ 60 0Z°0 * &
80°02Z- 08°02-  L08°9Z- 0z'L -  G0e°e o€0°T - 016 Q0L L WXa
o
o))
IP°0 * 9L'0 ¥ LS°0 7 L1°0 + 1€°0 = 28°0 * 9% ¥ 06°C * <
0€ 61~ 08°81- 06°91- 0€°0T- 0g°'g - 06°0T 0Z°0L 09°€¢ o)
20°T = LT'T = ge'T * 0S°€1+ 10°9 = 69°€ = 29'Z ¥ B
g0E €= H06°BT-  06°LS 207" L6 20278 202" 59 206 LY WXa >
0
Z6°0 72°0 = S0°0 ¥ VY000 * 81°0 = ge'T = LS°0 + 80°0 ¥ <
0¥ 11~ 0g'g - ¢1°Z - 0Z°0 01°S 05°12 0S°11 0S°'2 )
LE°0 0£°0 = 9z°0 = 61°0 7 62°0 = 09°0 = ov'0 * g1°0 * 20 i
06°G - 08'8 - 0z'v - 0S¥ ov°8 09°01 0S°L .02°2 9 <o
oo o
ove 012 081 oSt 0ZT 06 09 o€ S8 &
gTo

SOINUTW Ul Wil

. *gSs ueap juassaadsaa saniep
*juswdoreasp payojey-isod Jo yjuow 1SIT oYyl Sumanp SXOTYS (WXd) DPaSIUOSEUlauWExXep pue
(D) tewaou ur uorioaf{ur uodeoni8 aalje [e9as8] OIwWEdA(8 ul suorjeaajre asejussaed [eoiSoroucayn ey SqelL



mg glucose /{00 m! blood

mg glucose /100 mi bload

400+

380+

3404

One Doy

300+

260+

220+
1804
140+

3001 .

0O 30 60 90 120 IS0 (80 210 240
4207 Time in Minutes

380
340
\ 10 Ddys
300+
260
220

[ ‘}‘\‘;\‘ G

; :

180+ : Y I\\\I
! 1

140+

100~

G 30 60 90 120 iSO 180 210 240
Time in Minutes

Fig. 4

mg glucose /100 ml blood

mqg glucose /100 ml blood

400+

3804

3404

(4]
Q
s

260

220+

1804

P
e
oo

Normel Leve!l

4201

3801

340+

3004

2604

220

180+

1404

0 30 60 S0 20 (50 180 210 240
Time n Minutes

]

\
A
| ™ 4 \ -
* \\?1/ I’ 1

0 30 B0 90 120 130 180 20 240

Time in Minutes

Chronological alterations in glucagon response curve in normal

(—) and dexamethasonised (~--}chicks during the first month of..
post-hatched development. Values represent mean £ S E.e P<0 QOQl,
oP<0:0lL,0P<0-02,°0P<0'05 with the corresponding zero level.

* %% P< 0001,

* P<< 002 with normal




evel

Percenioge clierations in glycemic

100+

801

One Doy

60

£+
<
1

~
e

o] \\/‘
-~{0 4
6 30 60 90 120 150 B8O 210 240
100+ Time in Mmules
&
7 \
L4 \\ 10 Doys
80 e '
’ “
T) I’i \\
3 & \
o ’I y
e d f
g 80 - I ‘o
@ / i
o / i
> / i
o H H
I 1
- 404 |
& 4 1
< i 1
3 H i
—
g 1 |
G 20+ ,’ 1
o i 1
=4 i i
2 ! !
5 / t
8 4
o
a.

/

i
-20- r
L .

T

1 - T T T T
0O 30 60 90 120 150

180 210 240

Time m Minutes

Percentage alierahions in glycemic level

Percentage alterations in glycemic leveli

1001

80

604

40

204

20 Doys

30 60 90 120 150
Time in Minutes

180 200 240

20

:’r

0

30 60 90 120 50

Time 1 Minutes’

BO 200 240 |

Fig. 4aChronological percentage alterations in glycemic level after glucagon '

injection in normal {—) and dexomethosonxsed (*---) chicks in the first

of post - hatched development. Values represen’r mean + SE
° P<OOOI with the correspondmg control -




le4

ajea aoue.gea[s asooni8d peonpur uoSeonyn : 8y ajel UOTIRZITPWIOU 9SO0ON[8 paonpul ulnmsul : IN
alea uorieaers osooni8 peonpur uoSeonyy : 8y 9]BJ 9OUBJIRATI 8502N[8 paonpur urmsur : Ty
a1eJ 9OUBIEATD 8502nI8 pPAONPUI SUITRUSIPY : €Y 9]BJ 9DOUBJIESTD HS0ON[H : Y
8]eJ UOTIBAS[d 8S00ON[8 pPsINPUI AUITRULIDY : BH 9]BJ UOIIBASYIS 8S0ON[H : o
ove 2 orv-2 0£9°¢ 0961 09¢°1 0LL T 0ge°1 ey/eq
VEV'O 049°0 7058°0 e0v° 0 9L€° 0 gev- 0 6¥S6°0 ey
06zZ0°1 0Z9°'1 oge’1 629°0 168°0 SLLTO ZeL°0 eq surfeusapy
LSZ'0 6YP°0  1ZP°0O 00E°T ZE€E6°0 S09°0 EIL 0 8M/84™
006°1 9L8°0 00g°¢ 089’1 008°2 9LL°0 I8E€°0 8y
687°0 682°0 0LE° T 09172 0rs-¢ QLY O 2LZ°0 81 uogeonin
0sv° ¢ 00s6°2 09889 0ges° ¢ OLV'T 0Z6°¢ 008°1 IN/TY
$82°0 6G6¢°Q TL2°0 SLE°0 298°0 08€°0 99¥%°0 IN
06s°1T 06€°T 098°1 09%°1 0LZ 1 067°1 6€£8°0 19 urnsug
€02°0 €9¢€°0 6E¥°0 00¢°1 08L°2 0L2°1 0zo'¢e x/4
296°0 9%9°0 vL8°0 A4 IR €9%°0 £9G8°0 Zev° 0 A
861°0 9€Z2°0 28270 989°0 062°1 yZLt 0 0zZe"1 q 8s00n7YH
SAVU 0€ SAvd 07 SAVAd Ot SAVA 0t SAVA 07 SAvVd OT Avad ANO
SYOIYD jo aly SYOIUYD JOo 88y
(JHSINOSVHIINWVXHd TOYLNOO
*S91BJ UOTIBZITBWLIOU DUER 9OUBIES[D 8509nI8§ psonpul-LyI
pue aiel SJUBJIEOID pUE UOIIEASI8 asoonyd paonpur JLYH pue TNV ‘ILD Ul SUCTIRISITY C 9[qel



1435

However, the percentage elevation in the case of dexamethasonised
chicks was significantly low (9.1% as compared to 70.2% in controls).
Both groups of chicks attained significant hypoglycemia thereafter

(150 min in control and 180 min in experimental) and continued to remain

s0 even at 240 min.

30 day old: chicks

The glucagon induced maximum hyperglycemia occurred by 90 min in
both DXM treated and control chicks. The percentage elevation was
significantly higher in controls (89.3%) as compared to the experimentals
(22.4%). Thereafter, whereas the controls recorded gradual decrease
in glycemic level though not reaching normoglycemia by 240 min, the
experimentals reached normoglycemia by 180 min through a hypoglycemic

state at 150 min.

DISCUSSION

Coordinated functioning of pancreatic hormones in birds is necessary
for meeting the various adaptive physiological requirements in keeping
with the diverse activities characteristic of this class of vertebrates,
Appropriate mixture of insulin, glucagon, somatostatin and even avian
pancreatic polypeptidse is considered necessary for birds to adjust their
nutrient availability and disposal (Hazelwood, 1984). Avian carbohydrate
homeostasis is ultimately due to the fine tuned interdigitated functioning
of the pancreatic hormones. Of the two major pancreatic hormones,

insulin and glucagon, the latter is considered to be the principal
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director of avian carbohydrate metabolism in adult birds (Hazelwood,
1986). However, the right proportion of pancreatic hormones necessary
for avian carbohydrate homeostasis will have to be essgntially
established during the post-natal phase of development. Changing levels
of insulin and glucagon reported to occur during various days of
post-natal development in chicks (see Sinsigalli et al., 1987) are
corroborative of this contention, though, a clear elucidation of this
is yet to come. During this purported crucial phase of establishment
of appropriate adult type hormonal milieu, a disturbance affecting any
of the permissive hormonal components could have profound effects on
carbohydrate metabolism. Corticostercne being one of the permissive
hormones influencing the actions of pancreatic hormones (Mialhe, 1958,
1869), either hypo- or hypercorticalism is llkely to affect the role
of pancreatic hormones in carbohydrate homeostasis, As such dishomeo-
stasis in carbohydrate metabolism has been recorded under chronic
hypo- and hypercorticalism in one month old chicks (Chapter II1)., The
glucose tolerance test provides a clue to the functional status of
pancreas, specifically the P cells. Decreased glucose tolerance Iis
indicative of reduced functional ability of }3 cells.l while increased
glucose tolerance is indicative of greater functional ability. This study
conducted as a follow-up on the basis of previous findings on altered
carbohydrate metabolism in DXM induced hypocorticalism (Chapter III),
has revealed altered glucose tolerante and insulin resistance, Similarly,
altered response to glucagon and adrenaline have also been recorded

in dexamethasonised chicks.
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It is also interesting to note that even the control chicks showed
differential glucose tolerance and insulin, glucagon and adrenaline
responses on a chronological basis. Moreover, during the first 30 days
of post-natal development, the chicks appear to be relatively more
insulin sensitive than glucagon. This is borne out by the the observed
pronounced percentage fall in blood glucose level after insulin
administration and relatively poor percentage increment after glucagon
administration especially on the day of hatching and the 10th day.
Presumably, glucagon induced glucose elevation is relatively less as
compared to insulin induced glucose clearance except for 20th and 30th
days when glucagon induced glucose elevation 1is greater. The
progressively increasing glucagon sensitivity is denoted by the increasing
hyperglycemia and glucose elevation rate from 1-30 days. Insulin release
in response to increased glucose elevation by glucagon is also indicated
by the correspondingly increasing clearance rate. However, the
increasing Eg/Kg wvalues f{rom 10-30 days indicate increasing glucagon
responsiveness and decreasing insulin sensitivity. In this context {t
is well established that glucagor: is a powerful stimulus to insulin
release in chickens (Hazelwood, 1986). Some fluctuatiop in the circulating
level of insulin in its sensitive phase during the first month of
post-natal development is also suggested. This 1is assumable by the
decreased glucose elevation on 10th and 30th days relative to the 1st
and 20th days subsequent to glucose loading though the clearance rate
is much the same. Accordingly the E/K values are higher on 1st and
20ttdays and lower on 10thand 30th days of development. Hence it is likely

that relatively more insulin release occurs during the second and fourth
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week. Adrenaline has been known as a potent glycogenolytic hormone
in chicken (Golden and Long, 1942; Langslow et al., 1870; Cramb et
al., 1982: Picardo and Dickson, 1882). Glucagon has been considered
to be the meore potent glycogenolytic agent than adrenaline in birds
(Hazelwood, 1986). In the present study though this has been found
to hold true for 20 and 30 days old chicks, adrenaline was found to
be more potent than glucagon on 1st and 10thdays as revealed by the
greater glucose elevation rates with adrenaline on 1st and 10th days
and with glucagon on 20th and 30th days. Obviocusly, in neonatal chicks,
adrenaline may function as the more potent glycogenolytic agent during
the first fortnight after hatch, a period corresponding to low glucagon

responsiveness as inferred above.

Dexamethasone induced hypocorticalism seems to increase insulin
sensitivity as well as decrease glucagon responsiveness. Evidences
available in this context from this study are, attenuated hyperglycemia
on glucose loading and Dbetter glucose tolerance, and pronounced
hypoglycemia in response to insulin injection as compared to the control
chicks. Decreased glucose elevation rate on glucose loading with
resultant low E/K wvalues, greater clearance rate subsequent to glucagon
induced glucose elevation with corresponding low Eg/Kg wvalues and
greater glucose clearance in response to insulin followed by slower
norrﬁalization rate with resultant higher Ki/Ni wvalues are collateral
corroborative evidences strengthening this contention. All these observa-
tions taken together indicate stimulated insulin sensitivity together

with attenuated glucagon responsiveness in chicks with hypocorticalism
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during the first 30 days of post-natal development. The purported role
of corticosterone in potentiating the z‘a\ction\ of glucagon and checking
that of insulin, as is being inferred from this study, finds adequate
support from the observations of Mialhe (1858, 1969) of the corrective
influence of corticosterone on insulin hypersensitiveness and markedly
impaired hyperglycemic effect of glucagon in hypophysectomized ducks.
The observations of significantly increased hepatic glycogen content
and hypoglycemia occurring in response to DXM treatment in chicks
{Chapter 11I) lend further evidence to the concept of a permissive
role of corticosteroids 1in establishing and maintaining carbohydrate

homeostasis by way of their modulatory actions on pancreatic hormones.

Another interesting inference that could be drawn from the present
observations is the potentiated glycogenolytic response to adrenaline
due to hypocorticalism during the first month of post-natal development
in chicks. This is well evidenced by the adrenaline induced markedly
higher glucose elevation rate and double the Ea/Ka values obtained
in DXM treated chicks relative to the controls. The more or less
identical glucose clearance rate recorded in both control and DXM treated
chicks subsequent to adrenaline induced hyperglycemia also suggests
the immunity of post-natal chicks to the antagonistic effect of adrenaline
on insulin action observed in adult mammals and birds (Ensinck and
Williams, 1981; Patel and Ramachandran, 1989). The present study on
the whole suggests a definite modulatory role for corticosteroids in
the chronological set of events leading to the establishment of adult

pattern of functional interrelationship between pancreatic hormones vis
®a vis carbohydrate homeostasis during the post-natal phase of chick

development.



