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A bstract

Adrenergic stimulation has an inyortant role in the pancreatic It-cell proliferation and insulin secretion. In the present study. we
have investigaled how sympathetic system mgulales the panrrealic n I rnerui nr ht an:ilyiing I'pinephi inn 1111 ), Norepinephrinc

(NE) and /1-adrenergic receptor changes in the brain as (%eli is in the I swirls. Fill and NII showed a significant decrease in

the brain regions, pancreas and plasma :rt 72Ius iller partial prurcrealectonty. We observed an increase in the circulating insulin
levels at 72 hrs. Scatchard analysis using I CHI propranolol showed a significant increase in the number of loth the low affinity

and high affinity t-adrenergic receplors in cerebral cortex and hypothalamus of partially pancreatectornised rats during peak

DNA synthesis. The affinity of the receptors decrea,ed significantly in the low and high affinity receptors of cerebral cortex
and the high affinity hypothalamic receptors. In file brain stein, low affinity receptors were increased significantly during

regeneration whereas there was no change in the high affinity receptors. The pancreatic ff-adrenergic receptors were also up
regulated at 72 firs after partial panerealectony. In vitro studies showed that /i-adrenergic receptors are positive regulators of
islet cell proliferation and insulin secretion. Thus our results suggest that the t-adrenergic receptors are functionally enhanced

during pancreatic regeneration, which in turn increases pancreatic ft-cell proliferation an(hilisulin secretion in wean hug rats.
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Introduction stem directly innervate pancreas 141 and have a role in neu-
rally mediated insulin release 151. Hypothalamus also has

The pancreatic islets form a highly innerved organ, receiving an important regulatory role in pancreatic secretion 161. It
sympathetic neuron inflow via the splanchnic nerves.'t he in- has been reported that the autonomic nervous system is one
sulin secretion from pancreatic islets is controlled by central of the important factors that regulate pancreatic regeneration
nervous system through sympathetic and parasympathetic and stimulate the carcinogenesis [7]. Recent studies from our
nerves [1-31. Brain stern along with hypothalamus serves as laboratory reported the regulatory role of sympathetic sys-
the key centres of the central nervous system regulating the Icnt and parasympathetic system in pancreatic regeneration
body homeostasis. Stimulation of the peripheral vagus nerve
leads to an increase in circulating insulin levels. Anatonri- Stimulation of insulin release by adrenergic substances

cal studies suggest that the vagal efferent fibres originating is mediated through ft-receptors 1121. The potential of the

from nucleus ambiguous and dorsal motor nucleus of brain pancreatic islets to regenerate and the effects of sympathetic
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stimulation oil regeneration after partial pane.e:uectoil) y ale

not completely understood. ()III previous slndics IvIlol it'll 1h:11

DNA synthesis was maximum at 72 hours alter partial pancre-

atectomy 1`3J. Since insulin favored regeneration of if cell h5

activating the neogenesis of the /f cells horn preculscn cells

1131, factors affecting insulin secretion caul ;dlerl the p;ut
creatic regeneration . Epinephrine ( Iil'I) and I neprnephune
(NE), the major sympathetic ncurlit rrt)sntinets control the

insulin secretion in a coocenllalidn delxatdanl nuunter, ule

dialed through dillerent adrenergic rcreptors. Loss concrn

tralions of EPI and NE can bind and activate /f-adrenergic

receptors, which stimulate the insulin secretion from the islets

1141. Since the fl-adrenergic receptors are stinmlalt y to in-

sulin secretion, it can stimulate the pancreatic islet regen-
eration . The reports so far did not attempt a study of the

11-adrenergic receptor alterations in the brain regions and
pancreas during pancreatic regeneration, which has a role
in the regulation of insulin secretion from the pancreatic
islets. In the present study we investigated the involvement of

f -adrenergic receptors in pancreatic regeneration.1he study
showed an enhanced functional /i-adrenergic receptor activ-
ity during pancreatic regeneration in weanling rats.

Materials and methods

Chemicals

All biochemicals used were of analytical grade . HPLC stan-
dards, propranolol and Fetal Calf Seruni (FCS) were obtained
from Sigma Chemical Co., U.S.A. L-14-3111 propranolol
(21 Ci/mmol ) was purchased from NEN life sciences prod-
ucts Inc., Boston , U.S.A. 13H 1 Thymidine (l8 Ci/mmol)
and Radioinununoassay kits were purchased from BARC,
Mumbai , India.

Animals

Weanling Wistar rats (3-4 weeks old ) of 80- 10(1 g body
weight purchased from Central Institute of Fisheries Tech-
nology, Cochin were used for all experiments .''Ihey were
housed in separate cages under 12 hrs light and 12 hrs dark
periods and controlled temperature and were maintained on
standard food pellets and water ad libitum. Animal care and
procedures were done according to the institutional and Na-
tional Institute of Health Guide lines.

1'al lictl panrn'aleclonI t

Rats were anaesthetised under aseptic conditions, t he holy
wall was rut opened and (d) 7017 of the total p,Incrcas dual

to die spleen and duodenum was removed 115 1. The removal

of most of the pancreas was done by gentle abrasion with
enllon applications, leaving the major blood vessels supply-

ing other organs intact 1161. The sham operation was done

in an identical pmcedure except that the pancreatic tissue

was dully Iu ltil' nthiled between fingertips using cotton for a
nunute instead of being rclnoved. All the surgeries were done

between 7 a n). and 9 a.m. to avoid diurnal variations in re-

sp>,mses. NO,y%%tight and blood glucose levels w°:e checked

Ioulincly. I he its were maintained for dilferent time inter-

vals, 24,49 and 72 hrs; 7 and 14 days, They were sacrificed by

decapitation at the end of the little interval. The brain regions

and pancreas were dissected out quickly over ice according

to the procedure of (Ilowinski in(] Iversen 1 171 and stored at
- 70'Y' until assay.

1i.ctintation of blood,1trrose and rirc ulatin,' in.sulilr

Blood glucose was estimated by Glucose estimation kit
(Merck ) using glucose oxidase-peroxidase method . The in-
sulin assay was done according to the procedure of BARC ra-
dioitnmunoassay kit. The radioimmunoassay method is based

on the competition of unlabelled insulin in the standard or

samples and 1 t'511 insulin for the limited binding sites on a
specific antibody.

Isolation oJ'panrrealir islets

Pancreatic islets were isolated from male weanling Wis-
tar rats by standard collagenase digestion procedures using
aseptic techniques (113). The islets were isolated in HEPES-
buffered sodium free Hanks Balanced Salt Solution (HBSS)
with the following composition: 137 mM Choline chlo-
ride. 5.4 mM KC I, 1.8 mM CaCI,, 0.8 mM MgSO4, I mM
KII,PO4, 14.3mM KHCO; and IOmM HEPES. The pan-
creas was aseptically transferred to a sterile glass vial con-
taining 2.Oml collagenase type XI solution (1.5 mg/ml in
I I BSS ), pi 17-4. The col lagenase digestion was carried out for
15 minutes at 37C in an environmental shaker with vigor-
ous ;haking (300 rpm/minute). The tissue digest was filtered
through 51)0 pin nylon screen and the filtrate was washed
with three successive centrifugations and resuspensions in
cold HBSS. The pancreatic islet preparation having a via-
bility of> 90% as assessed by Trypan Blue exclusion was
chosen for cell culture and other experiments.

On ,,:1I/ clrtion o/ El'! and NE

(urculat:ng Il'I and NE were assayed according to Jackson
et 111 . 1191 using high performance liquid chromatography



(HPLC ) integrated with an electrochemical detector (IIPLC-

ECD) (Shimadzu , Japan ) fitted with CIS-CLC-ODS reverse

phase column . 1.0 nil plasma was diluted in equal volume of

distilled water. 50 µl of 5 mM sodium hisulphite was added
to it followed by 2501I of I mM Tris buffer of p11 5.6.

Acid alumina (20 mg ) was then added , mixed for 20 min-

utes, the supernatant aspirated off and alumina was washed
with 2.0 nil of sodium bisulphite. T o the final pellet of alu-
mina, 0.2 ml of 0. 1 N perchloric acid was added. The super-
natant was filtered through 0.22 /.tin HP! C grade filters and
used for HPLC determinations . Mobile phase was 75 mM
sodium dihydrogen orthophosphate buffer containing I mM

sodium octyl sulphonate , 50 mM EDTA and 7% acetoni-
trile (p11 3.25), filtered through 0.22 pin filter delivered at

a flow rate of 1.0 mI /minute . Quantification was by elec-

trochemical detection , using a glass carbon electrode set at
-f0.50 V. The peaks wets identified by vet tise retention
time compared with staudaids and concentrations were 11k•
(ermined using a Shimadzu integrator interfaced with the

detector.
EPI and NE contents of brain regions and pancreatic

islets were quantified according to Paulose rt a!. IitIf A

1(1% homogenate of the tissue was made in It.4N px'n.hlo-

ric acid . The homogenate was cenuifuge I at 50011 x q
for 10 minutes at 4 C (Kubota Refrigerated ('enttifnpe.

Japan ) and the clear supernatant was littered through 11.22 pin
HPLC grade filters and used for HI ' I.C analysis as men-

tioned above . Data from different brain regions , pancreas and

plasma of the experimental and control rats were stati tically

analysed.

f1-Arh energic receptor analysis

13141 propranolol, a specific antagonist, was used to analyse

the /1-adrenergic receptors. The assay was done according

to the modified procedure of Lefkowtiz et al. 1211. Protein

was measured by the method of Lowry et a!. 1221. McAt-

brane binding assays were done in 0.5 nil incubation buffer
containing appropriate protein concentrations (150-200 jig)
and different concentrations of 1'li 1 propranolol ranging from
0.5 nM - 50 nM. Non-specific binding was determined using

100µM unlabelled propranolol. The tubes were incubated
at 37 °C for 30 min and filtered rapidly through GF/C filters
(Whatman). The filters were washed quickly by three succes-
sive washing with 10 nil of ice cold buffer containing 50 ntM
Tris and IOmM MgCI2, pH 7.4. Bound radioactivity was

counted with cocktail -T in a Wallac 1409 liquid scintillation

counter.
The data were analyzed according to Scatchard (231. The

specific binding was determined by subtracting non-specific

binding from the total . The binding parameters . maximal

binding ( B,nas ) and equilibrium dissociation constant (K,,),

were derived by linear regression analysis by plotting the
specific binding of the radioligand on X-axis and bound/free
on Y-axis. The maximal binding is a measure of the total
number of receptors present in the tissue and the equilibrium
dissociation constant is the measure of the affinity of the re-
ceptors for the radioligand. The K,, is inversely related to

receptor affinity.

In vitro DNA synthesis stud)' in the pancreatic islets

Pancreatic islets were isolated by collagenase digestion

method as mentioned earlier. The isolated islets were in-

cubated in RI'Ml- 16,10 medium containing 10% FCS for

16hrs in 513% CO, at 37"C In remove the fibroblasts. After

fibroblast removal the cells were cultured for three (lays to

etnove all other non-endocrine tissue. 'Chen the pancreatic

islets (1(X) islets/ml medium) were transferred to I nil fresh
medium containing 5% FCS, antibiotics, different concen-

trations of glucose (4 and 20mM), EPI (l0-8 and 10-4 M)

and propanolul (II) , M) and incubated for 24 his in the

pte'.ence of I µ('i of 11111 thymidine 1241. DNA was ex-

tracted with 5% TCA according to Schneider 1251 and es-

li(nated by dipheuylamine procedure 1261. The radioactivity

incorporated was determined by counting in a scintillation

counter.

Ill till, insulin secrctian study in the partrma tic islets

Pancreatic islets weri isolated by collagenase digestion
method and islets were suspended in Krebs Ringer Bicarbon-
ate huller, pI17.3 (KRB), of following composition: 115 mM
NaCl, 4 mM KC I, 2.56 mM CaCI,, 1.2 mM KIU,PO4, 1.2 mM
MgSO4 and 20mM NaHCO;. The islets were pre-incubated
for 1 hr in KRB at 37'C. The cells were then harvested and re-
suspended in fresh KRB (I (X) islets/nil medium) with glucose
(4 mM and 20mM), EPI (10-" and 10-; M) and propranolol
(10-5 M). After incubation, the supernatant was transferred

to fresh tubes for insulin assay. Insulin assay was done ac-

cording to the procedure of BARC radioinumunoassay kit. In-
sulin concentration in the samples was determined from the
standard curve plotted using Multi CalcTMsoftware (Wallac,

Finland).

Statistical analysis

Statistical evaluations were done by ANOVA using

InStat (Ver. 2.04a) computer programme . Linear regression

Scatchard plots were made using SIGMA PLOT (Ver 2.03).
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Values are Mean + S.E.M. o14-6 separate determinations
•p<0.05 when compared to sham

•*p<0.01 when compared to sham

Fig. /. Circulating insulin levels of the sham and p:mcreadretomised young
rats. Circulating insulin level was measured in sham and experijuental rats
(24, 48 and 72 firs: 7 and 14 days after partial p: ncreatectomy). The insulin
assay was clone according to the procedure (if BARC radioinununoassay

kit. Insulin concentration in the samples was determined from the standard
curve plotted using MultiCalc" soliwarc (Wallas. Finland). Values are
representation of 44) separate experinnents.

Results

Body weight and blood glucose level

There was 'to significant change in the body weights and

blood glucose levels of sham operated and pancreatectomised
rats.

Circulating insulin level

The insul in levels in the serum of pancrealeciomised rats
showed a significant increase at 48 firs (p < 0.05) and peaked
at 72 hrs after partial pancreatectomy (p < 0.01). The in-
creased insulin levels then decreased to near normal by 7 and
14 days (Fig. 1).

EPI and NF, ronlenl in the brain !r 'gion .c, pa,lnrulic islets
and plasma mere decreased during parrrreruic ugrnrrulir,rr

The EPI .md NE levels in the plasma were significantly se-
duced ( p <0.(X)1) in the p: uncre:neclonnised ials al 72 his

\nioral shots NI: FPI

Shan 2.21 +(1.44 3.26+0.26
71Ins 1188 t 11.1$1"' t).81 10.12-111

P:nN ante, tonry

Ida) s 1,0) + (1.06"' 175 + 0.2A

pancn•ateelmny

Values are Mean + S.E.M. of 4-6 separate experiments.
"' p - 0.(8) I when compared to sham . I t tp < 0.001 when
compared to 7days

after Irancrealectorny (Table I ). In the cerebral cortex, the

EPI and NE contents were significantly decreased al 72 his

after partial pancreatectomy (p < 0.00I and p < 0.01 respec-

tively). This decrease was partially reversed to the near con-

trol by the 7th day of partial pancreatectomy. In the brain stem

Eli was not detected and NE showed a significant reduc-

tion (p < 0.(X)1) during active DNA synthesis. The EPI and

NE contents in hypothalamus showed a significant decrease

(p < 2(X) I) at 72 firs after part ial pancreateclomy. The HPLC

analysis of isolated pancreatic islets of pancreatectomised

rats showed a significant reduction (p < 0.(X)1) in the EPI and

NE content during active regeneration. The decreased levels

of these catecholamines were reversed hack to near control

at 7days after partial pancreateclomy (Tables 2 and 3).

Braid f(-u(hellergrr receptors n'ere increased of the time of
17(111(7Y'(itle 1'e,t;CllCra1Rp1i

The Scatchard analysis of /3-adrenergic receptors using 13HI
propranolol showed two affinity sites. There was a significant
increase (p <0.05) in the number of both low and high affin-
ity receptors with an increase in the K,1 value in the cerebral
cortex at the time of active DNA synthesis. The increased pa-
rameters were reversed to near control by 7 day after pancre-
atectomy (Table 4). In the brain stem, low affinity receptors
were increased significantly (p <0.05) without any change
in the affinity during regeneration whereas the high affinity
receptors did not change. The increased parameters were re-

versed back to near control in 7 days pancreatectomised rats
(Table 5). In the hypothalamus, high affinity receptor number
increased significantly (l) < 0.001) accompanied by a signif-
icant reduction (p <0.01) in the receptor affinity. The low
aflinil y teceplorss were also increased significantly (p < 0.05)
in the 72 firs pancrealectontised group with out any change
in the ariinity of the receptor (Table-6). These results showed
that the fl-a(renergic receptors were tip regulated during pan-
crealic regeneration.



Table 2. Epinephrine content (nmolcs/g wet wt, of tissue) in brain regions and pancreatic islet, of sham anti pancreatcctomised young rats

Brain regions

Animal status ('erebral cortex Brain stem Hypothalamus Pancreas

Sham 0.53 t 0.11 34.99 f 11.58 21.01 f 1.07 210.26 ± 10.21
72 hrs pancreatectomy 0.21 10.09 ND 1 . 31 f 0.19 ""' 104.14 f 7.35"t
7 days pancreatectomy 0.73 f 0.11 ' 1 t 46.67 ± 9.02 44.59 ± 5.65 - 111 144.11 f 8.98"'

Values are Mean ± S.E.M. of 4-6 separate experiments.

"' p < 0.001 when compared to sham. 'p < 0.05 when compared to sham.

tit p < 0.001 when compared to 72 firs pancreatectomy, f p <0.05 when compared to 7 clays EPf - Epinephrine, ND- Not detected.

Table 3. Norepinephrine content ( nmoles/g wet wt . of tissue) in brain regions and pancreatic islets of sham and pamcreatectomiced young rats

Brain regions

Animal status Cerebral cortex Brain stem Hyprtha lanms Pancreas

Sham 2.01+0.31 29.96 :f 0.16 311.91 + 0.69 45.37 f 3.51
72 bra pancreatectomy (1.29 t 11.11" 10.05 :E ((.(K, 3.29 ± 0.58"' 17.68 + 1.32""-
7 (lays pancreatectomy 1.74 + I) 2611 2).47 j 0.49111 6.($) f 0.52"' 47.95 ±4.28111

Values are Mean ± S.E.M. of 4- It separutc experiments
"' p < 0.(X)1 when compared to sham, *p < 0.05 when compared to share.
111p < 01X)1 when compared lot 72 Pins panerralrctnn). I p - ((((S when crmrparrd to 7 day. NF - Norepinrphrine.

Table 4 . Sratehant analysis of 1'H1 Pnrprunolol binding against pl opt "1144411 in the rrrrI'ral cortex wt sham and pant-wit tectornised young rats

Animal status

High aflwily

B,,,,,(fnmles /nngprotrin) K,1(nM)

Sham 7.67 ± 1.86 0.1(1 t 0.07
72 bra pancreatectomy 26.67+6.22 429 f 0.44"

7 days pancreatectomy 10.50+2.01 2.26 t 0.1141

Values are Mean ± S.E.M. of 4-6 separate experiments.
"'p <03X)1 when compared to shunt . 'p < 0.05 when compared to sham.

tip <0.01 when compared to 72 hr pancreatectomy.
Br,,,, - Maximal binding : Ka - Dissociation constant.

Ieow affinity

1>,,,,,,(fmoles /mg protein) Kit (nM)

147.67 f 26.2H 13.58 ± 0.95

114.33 f 57.20' 113.44 f 16.21

145.(X) + "fS.50 40.26 f 5.36

Table 5. Scatchard analysis of high affinity [' HI propranolol binding against propranolol in the brain stem of sham and pancreatectontised young
rats

High affinity I.ow affinity

Animal status B,,,,, (fmoles/mg protein ) Ka (nM ) B,,,,, (fmoles/nig protein) Ka (nM)

Sham 22.50+5.95 1.40 + 11. 86 21(0 .(8) + 1,0,(8) 44 .70+6.20
72 firs pancreatectomy 3 UX) 19.71 2.49 f 0.61) 546.(X1 f 53.(X)' 54.17 ± 12.74
7 days pancreatectomy 17.5(1 ± 2.50 2.16 i 0.55 1(x,.67 t 12.02 43.97 + 3.90

Values are Mean ± S.E.M. of 4-6 separate experiments.
' p < 0.05 when compared to sham.



Table 6 . Scutchard analysis of high affinity 14111 pntpranolol binding against pnoprunotol in the hypothalamus of sham and pancreatectontised young
rats

High a ffinity LOW affinity

Animal status B,,,,,(fmolcs/mgprotcin ) Kd(nM) BBm.,(fmoles/mgprotein ) Kd (nM)

Sham 9.16+1.61 1.12+0.13 370.(8) ± 20.(8) 44.07 ± 4.22

72 firs prancreatectomy 48.(x) ± 5.69 4.65 ± 0.64 551.67 t 16.42' 36.99 f 1.96
7 days prancreatectomy 36.66 + 4.41 3,02+0.78 456.67 + 86.67 33.37 ± 7.54

Values are Mean f S.E.M. of 4-6 separate experiments.
"' p < 0.(x)1 when compared to sham . ' p <0.01 when compared to sham.
`p < 0.05 when compared to sham.

Table 7 . Scatchard analysis of [3 H1 Propranolol binding against p ropranolol in the pancreatic islets of sham and pancreatectomised young rats

High affinity Low affinity

Animal status (fmoles/mg protein ) Kd (nM) 8,,,,, ((moles/mg protein) Kd (nM)

Sham 7 .50 f 1.98 11.21 ± 1105 900)± 9.(8) 4.09 f 0.89

72 hrs pancreatectomy 30.(8) f 91)0 (1.36 + 0.08 29018) ± 10.58"' 3.81 ± 0.91

7 days pancreatcctomy 13.(8) t 1.46' 0.14 ± 0.02 1 10.(8) ± 14.33 2.57+0.58

Values are Mean ± S.G.M. of 4-6 separate experiments.
"' p < 0.001 when compared to sham . ' p < 0.05 when compared to sham.

Pancreatic 6-adrenergic receptors are up regulated during
active pancreatic regeneration

Scatchard analysis of [311] Propranolol binding against pro-

pranolol in the pancreatic islets showed a significant increase
(p <0.001) in the B4nax during active pancreatic DNA syn-
thesis without any change in the Kd (Table-7). This increase
was partially reversed back at 7 days after partial pancrea-
tectomy. These results were similar to the receptor changes
observed in the brain regions.

Propranolol inhibited DNA synthesis cad insulin secretion
in vitro

Propranolol, a selective blocker of the /3-adrenergic recep-
tors, inhibited the in vitro DNA synthesis in the islets sig-
nificantly (p <0.001). This proves that the 4-adrenergic
receptors are stimulating the pancreatic growth (Fig. 2).
Propranolol could block insulin secretion significantly
(p < 0.01) (Fig. 3) suggesting that fi-adrenergic receptors are
positive regulators of pancreatic DNA synthesis and insulin
secretion.

Discussion

Pancreatectomy is a very useful approach to denimistrate the
regenerating potential of the f3-cells. Removal of 60% of the

total pancreas did not cause any reduction in the bodyweight
and elevation in the blood glucose levels of the pancrea-
tectomised rats. Pancreatic islets receive innervation from
both divisions of the autonomic nervous system and pan-

creatic endocrine secretion is partly controlled by the auto-

nomic nervous system [27(. Our previous studies reported
that the DNA synthesis was maximum at 72 hrs after par-
tial pancreatectomy [9]. The increase in the fi-cell prolifer-
ation is related to the degree to which insulin biosynthesis

and/or release is increased 128, 29]. Also circulating insulin

levels increased significantly during pancreatic regeneration
keeping the blood glucose level normal [8]. This mainte-
nance of glucose homeostasis is due to regeneration of the
remaining pancreatic fi-cells and their excess production of

insulin [30.31 1. The administration of insulin to diabetic rat
implanted with fetal pancreas showed a three-fold increase
in fi-cell mass. Since insulin favored regeneration of fl-cell
by activating the neogenesis of the /1-cells from precursor

cells 1131, the factors affecting insulin secretion can affect
the pancreatic regeneration. Autonomic nervous system is
one of the important factors that regulate pancreatic regen-
eration and stimulate the carcinogenesis (7]. Recent studies
front our laboratory reported the regulatory role of sympa-
thetic system and parasympathetic system in pancreatic re-
gencralion [K I 1 ]. the inhibition of insulin release is an al-
pha receptor effect while stimulation of insulin release by
adrenergic substances is mediated through beta receptors
112.321.
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**p<0.01 when compared to without antagonists
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Fig. 3. Meet of propanolol on insulin secretion from pancreatic islets in Ihr in Ohm culture . The islets were incubated in KRB with glucose ( 4 mM and 20 mM).
F-PI (10 _

a and 10 ' M) and It) s M pngrranolol for I hr at 17 U. Insulin assay was door ncronling to the procedure of BAR(' radiointnumoassay kit. Insulin
cnmeentration in the xarnplex was detemtined from the standard curve plotted using Multi ('akctM wrftwaie ( Wallac. Finland ). Values are representation of 4-4r
separate experiments.



EPI and NE levels in the plasma showed a significant de-
crease during active regeneration of pancreatic islets. The
effect of EPI on islet hormone secretion is dependent on
its plasma level . At low levels of EPI both insulin and so-
matostatin secretions are stimulated and at extreme stress
levels, it produced inhibition [331. EPI and NE contents de-
creased in the brain regions as well as in the pancreatic islets
of 72 hrs pancreatectomised rats. The increased sympathetic
activity can inhibit the insulin secretion from the pancre-
atic islets [34, 35, 12]. EPI and NE have an antagonistic ef-
fect on insulin secretion and glucose uptake [36]. Higher
EPI and NE stimulate a2 -adrenergic receptors and inhibit
the insulin secretion , but at low concentrations , they acti-
vate 0-adrenergic receptors thus stimulating insulin secre-
tion from the pancreatic islets [37]. It is reported that EPI and
NE contents in the brain regions were increased significantly
in the STZ-diabetic rats 138-401. Infusions of epinephrine
[13J and norepinephrine [36J will inhibit release of insulin in
man. This inhibition of insulin release has also been demon-
strated in studies on pancreatic slices (37], in isolated islets
[411, and in the isolated perfused rat pancreas 1421. Earlier
studies from our laboratory reported that EPI and NE con-
tent in adrenals decreased at the time of pancreatic regen-
eration [8] . Activation of splanchnic nerves innervating the
adrenals results in the catecholamine release from chronnaf-
fin cells into the circulation 1431 . Studies of Oda et a!. [441
confirmed the importance of sympathoadrenomedullary sys-
tem in controlling the activity of pancreatic islets. Our results
suggest that decreased levels of Fill and NE facilitate DNA
synthesis in the pancreatic islets via increasing the insulin
secretion.

Alterations of central neurotransmission and environmen-
tal factors can change the relative contribution of sympathetic
outflow to the pancreas , liver, adrenal medulla and adipose l is-
sues, lead ing to the modulation of glucose and fat metabolism
145]. Our previous studies demonstrated that adrenergic re-
ceptor's function increased in the brain stein of diabetic rats
(46-48]. It is also reported that (f-adrenergic receptor popu-
lations were decreased in diabetes 1491. Our results showed
that the total /I-adrenergic receptors were increased in all
brain regions during islet regeneration . A similar Observa-
tion of up regulation of fi-adrenergic receptors'wi ;s seen in
the pancreatic islets of partially pancreateclomised rats at the
time of regeneration , which suggests that the up regulation
of fl-adrenergic receptors in the brain and pancreas regulates
pancreatic regeneration . The up- regulation of /J-adrenergic
receptors observed is suggested to he due to the decreased
EPI and NE, in the brain regions during active /1 cell prolif-
eration.

Our experiments with pancreatic islet culture in vitro
showed that propranolol blocking resulted in a marked
decrease in the insulin secretion. This explains the stimu-
latory role of /i-adrenergic receptors in the insulin secretion

during pancreatic regeneration. Also, propranolol inhibited
islet DNA synthesis in vitro. The possible role of adrenergic
receptors in regulating islet cell proliferation is mediated by
cAMP 124, 501. It is reported that decrease in cAMP lev-
els result in down regulation of fie adrenergic receptors [511.
The /i- adrenergic receptor stimulation evokes an increase
in cAMP level which then activates cAMP dependant pro-
tein kinase and insulin release. The increased binding of

f3-adrenergic receptors observed in the brain regions and

pancreas during pancreatic regeneration has its stimula-
tory role in insulin secretion mediated through sympathetic
system.

We conclude from our results that enhanced /i-adrenergic
receptors during pancreatic regeneration negatively corre-
lates with the concentration of NE and EPI, which in turn
increase pancreatic islet proliferation and insulin secretion.
This will have immense clinical significance in the manage-
ment of diabetes mellitus.
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