














































































































































Displacement Analysi_.~1 Using [’HlNorepir_ienhrine In Isolgtid Pancreatic Islets

|3fl| NE Vs. Prazosin: (Table- 34; Figures 11 & 12)

Prazosin is an on-adrenergic receptor antagonist. No age-related changes were

noted in the affinity status of these receptors in young and old rats. In diabetic young rats,

a stronger binding of the ligand to higher aflinity site was observed. However, in old

diabetics, the shift was towards the low aflinity site with increased strength of binding.

Insulin treatment resulted in loss of the low affinity sites from diabetic rats. The strength

of binding at the high aflinity site was decreased in " insulinf treatedjiiits compared to

diabetic rats, while the strength of binding decreased in the young insulin treated rats at

the high aflinity site compared to the diabetic young.

[35] NE Vs. Yohimbine: (Table- 35; Figures 13 & 14)

Yohimbine is an oi;-adrenergic receptor antagonist. In young control rats, the

curve fitted best for two sites with greater strength of binding at the low affinity site.

However, in the old control rats, the curve fitted best for'one site model, with the loss of

the low aflinity site. In young diabetic rats, eventhough the curve fitted for two site model

the ligand bound strongly at the low affinity site. In diabetic old rats, the curve fitted for

single site, with a shift towards low aflinity and the ligand bound to this site strongly than

in controls. Insulin treatment brought about reciprocal changes in young and old. Insulin

treatment to young diabetic rats resulted in loss of the low affinity site and the strength of

binding of the ligand to the site also decreased. Insulin treatment to old rats, resulted in

the appearance of an additional site at the low aflinity range with increased strength of

binding of the ligand to this site.

[B] NE Vs. Propranolol: (T able- 36; Figures 15 & 16)

Propranolol is a non-specific B-adrenergic blocker. In young and old rats, the

curve fitted for single site, however, the ligand bound strongly at this site of old animals

compared to the young. In diabetic state, both young and old rats revealed two sites a

high aflinity site and a low aflinity site. The ligand bound strongly at the low aflinity site.
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In the old diabetic rats, the affinity shifted towards higher aflinity with decreased strength

of binding at the high aflinity site, while in the young, the curve shifted to lower aflinity

site with increased strength of binding of the ligand. Insulin treatment to old and young

diabetic rats partially reversed the alterations.

|3fl| NE Vsflenololz (Table- 37; Figures 17 & I8)

Atenolol is a B.-adrenergic receptor antagonist. In young and old rats, the curve

fitted for two site model. However, the ligand bound strongly in the low aflinity site of

older rats compared to young. In diabetic state, in both young and old rats, the low

aflinity site was lost. However, the ligand bound with higher strength at the high aflinity

site, compared to the respective controls. Insulin treatment in young rats reversed the

alterations while in the old rats, the alterations were not reversed, instead the aflinity

shified to the low aflinity range with increased strength of binding of the ligand for the

site.

Glucose induced insulin secretion agg cAMP P1-'C‘u\uUitm_

as a function of age in vitro

. There is a significant decrease (p<0.05) in the amount of insulin secreted by the

islets of the rats corrrpared to young at both 4mM and 20mM glucose concentration

respectively (Table-38). However, both young and old islets were able to increase the

secretion of insulin in response to 20mM glucose in a similar fashion though not

significantly. Pancreatic islets of old rats showed significant increase (p<0.00l) in cAMP

content when incubated with 4mM glucose compared to young rats. At 20mM glucose,

both young and old islets showed significant increase (p<0.00l and p<0.0l respectively) in

cAMP content, however, it should be noted that the extent of increase was more marked

(p<0.00l) in young islets compared to old.
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Effect of hydrocortisone and dexamethasone on glucose induced insulin secretion as

a function of age in vitro

Hydrocortisone and dexamethasone are synthetic corticosteriods. Dexamethasone

is a potent glucocorticoid. Addition of these at l0'(’M concentration resulted in increase in

glucose induced insulin secretion while at l0"‘M, it appeared that these hormones exerted

an inhibitory effect on insulin secretion in both young and old rats (Figure-19).

Effect of dopamine (DA) on glucose ificed insulin secretion as a function of age

in vitro

Dopamine exerted a diflerential influence on old and young islets (Figure 20) at

105 M concentration, dopamine had no influence at 4mM glucose but at 20mM glucose, it

had an inhibitory effect on insulin secretion from old rats. In young rats dopamine

appeared to have a stimulatory effect at both 4mM and 20mM glucose respectively.

Spiperone is also a dopamine D2-receptor antagonist, to see if dopamine action is

mediated via these receptors, we blocked the D2-receptors with spiperone and observed

the insulin secretion. In old islets, there was no significant change in insulin secretion at

4mM glucose, while at 20mM glucose, D2-receptors seems to have a role in insulin

secretion in old rats, blocking D2-receptors resulted in a rise in insulin secretion. In young

rats, D2-receptors appeared to have an inhibitory effect only at 20mM glucose

concentration. At 4mM glucose, forskolin stimulated insulin secretion in spite of the

presence of dopamine significantly while, at 20mM glucose, it did not have much

influence. In young islets, forskolin had stimulatory effect only under high glucose

concentration.



TABLE-1

BOQY WEIGQI AND BLOOD GLUCOSE IN 6-10 WEEK OLD RATS

Mean 1- S.E.M. of 4-6 separate determinations.
"° p<0.01 compared to  day. ;""fi<0.001compared to initial day.

Body wei ht (grams) Blood Glucose ( mg / dl blood)

Animal Status Initial Day Final Day Initial Day Final Day

Control 68.00 i 7.33 84.00 i‘ 9.4 88.67 :1: 3.74 83.91 i 0.25

Diabetic 73.00 i 4.03 55.00 i 5.00 °° 88.50 i 4.50 217.29 i 2.96 "°

Diabetic + Insulin 65.00 i 5.00 78.52 1: 5.23 80.56 J: 3.26 85.45 i 4.56

Diabetic + 75.00i 5.00 100.00 :t 9.94 94.55 i 8.02 99.12 i 3.99
Adxenalectomy

Diabetic + 115.00 i 5.05 140 i 10.43 74.37 i 0.74 75.28 i 2.76
Metyrapone



TABLE-2

BODY WEIGHT AND BLOOD GLUCOSE IN 40-60 WEEK OLD RATS

Body wei ,ht (grams) Blood Glucose ( mg / dl blood)

Animal Status Initial Day Final Day Initial Day Final Day

Control 280.00 i’ 10.00 280.00 i 5.77 87.64 i‘ 4.12 75.35 1' 8.97

Diabetic 300.00 i 5.20 246.60 1' 7.63 ° 119.82 i 11.96 377.21 i 5.11 °°’

Diabetic + 320.00 i 1.14 276.66 i 12.05 115.45 i 2.35 255.41 i 5.41 °'"
Insulin

Mean iv S.E.M. of 4-6 separate determinations.
‘' p<0.05 compared to initial day.; ""’p<0.00l compared to initial day.



BODY WEIGHT AND BLOOD GLUCOSE IN 72-104 WEEK OLD RATS

TABLE-3

Mean i S.E.M. of 4-6 separate determinations.

Body wei ht (gam§L Blood Glucose ( mg / (11 blood )

Animal Status Initial Day Final Day Initial Day Final Day

Control 340.00 :1: 11.55 356.66 i 14.53 138.00 i 11.62 128.66 i 2.60

Diabetic 336.66 i 8.55 280.00 1' 5.16 ‘' 132.91 i 5.98 591.32 1- 34.47 “°

Diabetic + 353.33 i 4.03 353.33 i 4.03 130.19 1- 8.23 205.27 i 38.25 ‘’ "'
Insulin

Diabetic + 330.00 i 5.77 313.33 i 8.82 141.37 1 9.91 222.45 i 12.55 ‘’ "‘
Adrenalectomy

Diabetic + 333.33 i 3.30 316.30 i 10.27 135.08 i11.55 300.04 i 6.39 ’° "'
Metyrapone

‘’ p<0.05 compared to  day; "p<0.0l compared to initial day; °'°p<0.00l compared to initial day.
"' p<0.00l compared to diabetic.



TABLE-4

MONOAMINES ANl_) METABOLITES AND IN HYPOTHAL_AMUS AS A FUNCI ION OF AGE

Animal NE DA HVA 5-HT 5-HTP 5-I-IIAA
Status

6-10 week 2.11 i 1.29 i 0.29 i 0.38 i 0.27 i 2.71 iold 0.11 0.29 0.06 0.14 0.05 0.17

40-60 week 4.87 i 0.35 1- 0.34 i 0.84 i 0.45 i‘ 9.34 1“
old 0.04 "° 0.04 °° 0.03 0.03 " 0.05 0.31 ”'

72-104 5.22 i 1.36 i 0.18 i 0.35 i 0.45 i 4.63 1
week old 0.38 °°' 0.07 " 0.04 0.01 " 0.09 0.03 "°° '"

Values are expressed as nmoles/gram wet weight tissue.
Mean :1: S.E.M. of 4-6 separate determinations.
" p<0.05 compared to 6- 10 week old ;°"p<0.0l compared to 6-10 week old;
'°" p<0.00l compared to 6- 10 week old,"p<0.02 compared to 40-60 week old;
‘" p<0.00l compared to 40-60 week old



TABLE-5

MONOAMINES AND METABOLIT ES IN BRAIN STEM AS A FUNCTION OF AGE

Animal Status NE DA HVA 5-HT 5-HTP 5-HIAA

6-10 week old 1.57 i 0.37 i 1.72 i’ 0.52 i 0.26 i 2.42 :t0.43 0.04 0.79 0.10 0.05 0.17
40-60 week old 3.85 i 0.27 i 0.10 i 1.83 i 0.26 i 6.46 i

0.45 " 0.06 0.04 '°° 0.40 °° 0.05 0.99 °°*
72-104 week 3.60 :t 0.33 i‘ 0.15 i 2.05 i 0.07 i 2.86 i

old 0.23 ‘"' 0.05 0.01 °°° 0.03 " 0.01 "' 0.40 ‘"

Values are expressed as nmoles/gram wet weight tissue.
Mean i S.E.M. of 4-6 separate determinations.
" p<0.05 compared to 6- 10 week old ;°"p<0.01 compared to 6- 10 week old ;
°°° p<0.00l compared to 6-10 week old? p<0.05 compared to 40-60 week old ;
W? p<0.00l compared to 40-60 week old



TABLE-6

MONOAMINES AND METABOLITES IN CORPUS STRIATUM AS A FUNCTION OF AGE

Values are expressed as nmoles/gram wet weight tissue. Mean i S.E.M. of 4-6 separate determinations.
° p<0.05 compared to 6-10 week old ;°°p<0.01 compared to 6- 10 w

"° p<0.00l compared to 6- 10 week old,
*" p<0.00l compared to 40-60 week old

eek old;

Animal Status NE DA HVA 5-HT 5-1-ITP 5-I-HAA

6-10 week old 0.50 :1: 24.13 i 3.56 i 0.52 :1: 0.36 i‘ 1.46 i0.14 2.24 0.47 0.09 0.07 0.23

40-60 week old 1.23 i 17.42 i 2.36 i 1.22 i 3.08 i 5.11 i
0.10 "" 0.82 " 0.06 °'° 0.03 "" 0.14 “" 0.06 °"°

72-104 week old 1.32 :1: 14.45 i 1.65 i" 0.65 i 1.21 :t 2.99 i
0.04 °'° 0.62 '" 0.04 °°° 0.07 "' 0.21 °° '" 0.10 °'° '"



TABLE-7

MONOAMINES AND METABOLITES IN CERELBRAL CORTEX AS A FUNCTION OF AGE

Animal Status NE DA HVA 5-HT 5-I-ITP 5-I-IIAA

6-10 week old 1.41 i 0.59i 0.78 i 0.80i 0.29 i 2.50i0.14 0.16 0.07 0.46 0.05 0.39

40-60 week old 1.41 i 0.43 i 0.45 i 1.13 i 0.43 i 4.34 i‘
0.36 0.02 0.09 °° 0.12 0.12 0.55 ’°

72-104 week old ' 2.36 i 0.50 i 0.19 i 0.68 i 0.14 i 1.88 i
0.12 °' 0.10 0.03 “'°' 0.23 0.05 0.32 "

Values are expressed as nmoles/gram wet weight tissue.
Mean 1' S.E.M. of 4-6 separate determinations.
" p<0.05 compared to 6- 10 week old ;“p<0.01 compared to 6- 10 week old ;
°“’ p<0.00l compared to 6- 10 week old, 'p<0.05 compared to 40-60 week old;
" p<0.0l compared to 40-60 week old‘



TABLE-8

MONOAMINE AND METABOLIT ES IN CEREBELLUM AS A FUNCTION OF AGE

Animal NE DA HVA 5-HT 5-HTP 5-HIAA
Status

6-10 week 0.90 i 0.32 i 0.15 i N.D. 0.14 i 1.00 iold 0.13 0.11 0.03 0.07 0.20
40-60 week 3.63 i 0.48 i N.D. 0.13 i 0.11 i 0.45 iold 0.29 °°° 0.06 0.05 0.01 0.04 '

72-104 2.07 1' 0.91 i 0.34 i 0.30 i 0.06 i 0.58 1'
week old 0.29 “"" 0.20 °' 0.01 “' 0.01"’ 0.01 0.06 ‘’

Values are expressed as nmoles/gram wet weight tissue.
Mean 1: S.E.M. ‘of 4-6 separate determinations.
‘' p<0.05 compared to 6-10 week old '°p<0.0l compared to 6- 10 week old;
°°° p<0.00l compared to 6- 10 week old, ' p<0.05 compared to 40-60 week old;
'" p<0.00l compared to 40-60 week old



TABLE-9

MONOAMINES AND METABOLITES IN HYPOTHALAMUS OF 6-10 WEEK OLD RATS

Animal Status NE DA HVA 5-HT 5-HTP 5-I-IIAA

Control 2.111 1.29 1 0.29 1 0.33 1 0.14 0.27 1 2.71 10.11 0.29 0.06 0.05 0.17
Diabetic 25.75 1 0.45 1 0.27 1 0.12 1 0.05 0.05 1 2.90 11.06  0.08 0.01 0.02  0.19

Diabetic + 2.14 1 0.92 1 0.27 1 1.10 1 0.36 0.07 1 2.211Insulin 0.42 W 0.32 0.13 0.01"‘ 0.40
Diabetic+ 1.121 0.531 0.13 1 0.1410.03 0.091 5.461

Adrenalectomy 0.68 '* 0.34 0.03 0.04  0.39‘ Ht ‘"111
Diabetic + 2.44 1 2.19 1 1.03 1 6.30 1 0.031 2.65 1

Metyrapone 0.67 “‘ 0.29 ‘W " 0.09  "mm 1.27"‘ 7'" "' 0.01  0.21 "'

Values are expressed as nmoles/gram wet weight tissue. Mean 1: S.E.M. of 4-6 separate detenninations.-0' p<0.05 compared to control;
*** p<0.001 compared to control; 133 p<0.001 compared to diabetic; ll’ p<0.01 compared to insulin treated; WT p<0.001 compared to
insulin treated; m p<0.001 compared to adrenalectomised.



I_A£LIi-fl

MONOAMINES AND METABOLITES IN BRAIN STEM OF 6-10 WEEK OLD RATS

Animal status NE DA HVA 5-HT 5-HTP 5-HIAA

Control 1.57 1 0.37 1 1.72 1 0.52 1 0.26 1 2.42 10.43 0.04 0.79 0.10 0.05 0.17
Diabetic 27.73 1 0.41 1 0.34 1 0.21 1 0.09 1 2.79 11.40  0.05 0.05 0.03 0.05 0.24

Diabetic + 0.41 1 0.19 1 0.04 1 0.68 1 0.074 1 1.02 1
Insulin 0.07 *1 0.03 0.01 ‘ 0.03 0.02 0.43 - ''

Diabetic + 1.95 1 0.35 1 0.12 1 0.20 1 3.99 1 3.74 1
Adrenalectomy 1.22 *1 0.10 0.02 4 0.07 0.72“‘-W 0.36 ‘W

Diabetic + 1.46 1 1.02 1 1.53 1 5.25 1 N.D. 1.711
Metyrapone 0.29 “' 0.03“‘ *1 T" "1 0.48 1.49"' 1" "'1' 0.22 ' '"

Values are expressed as nmoles/gram wet weight tissue. Mean i S.E.M. of 4-6 separate determinations.
* p<0.05 compared to control; *1-* p<0.00l compared to control ; 13 p<0.0l compared to diabetic
m p<0.00l compared to diabetic; W‘? p<0.00l compared to insulin treated
m p<0.00l compared to adrenalectomised.



TABLE-ll

MONOAMIlVEfS-ANI_) METADOLIT ES IN CORPUS STRIATUM OF 6-10 WEEK OLD RATS

Animal Status NE DA HVA 5-HT 5-HTP 5-1-IIAA

Control 0.50 : 24.13 : 3.56 : 0.52 : 0.36 : 1.46 :0.14 2.24 0.47 0.09 0.07 0.23
Diabetic 36.68 : 44.23 : 1.54 : 0.13 : 3.75 : 2.72 :

13.27 "' 1.75 '” 0.034 ' 0.05 1.42 ' 0.35
Diabetic+ 0.12: 11.74: 1.36: 1.00: 0.84: 1.07:
Insulin 0.01 "' 2.20 "' 0.23 ' 0.01 0.30‘ 0.16 "'

Diabetic + 1.43 : 16.68 : 1.21 : 0.49 : 0.72 : 3.16:
Adrenalectomy 0.30 ‘“ 3.84 "' 0.04 ' 0.08 0.16 ' 0_24'” '” "
Diabetic + 0.50: 22.45 : 3.54 : 5.15 : 1.75 : 1.04 :
Metyrapone 0.08 “' 5.38 " 1.21 ' 1' 1,77 “"""'"' 0.74 0.37 "'"'

Values are expressed as nmoles/gram wet weight tissue. Mean : S.E.M. of 4-6 separate determinations.
* p<0.05 compared to control; ** p<0.0l compared to control ;*-H p<0.00l compared to control; 1 p<0.05 compared to diabetic ;3t
p<0.0l compared to diabetic ; m p<0.00l compared to diabetic ; l p<0.05 compared to insulin treated; WY p<0.00l compared to
insulin treated; t p<0.05 compared to; adrenalectomised; ft p<0.0l compared to adrenalectomised; ; H1’ p<0.00l compared to
adrenalectomised



TABLE-12

MONOAMINES  METABOLITES IN CEREBRAL CORTEX OF 6-10 WEEK OLDRATS

Animal Status NE DA HVA 5-HT 5-H'I‘P 5-HIAA

Control 1.41 : 0.59 i 0.73 1 0.80 i 0.29 1- 2.50 i0.14 0.16 0.07 0.46 0.05 0.39
Diabetic 1.15 1 2.33 : 0.40 1 0.15 : 0.31 : 2.47 i0.10 0.94 0.04 0.03 0.07 0.43

Diabetic + Insulin 0.30 i 0.16 i: 0.09 : 0.54 : N.D. 0.64 :0.07  0.06 0.03 0.12 0.14 " "
Diabetic + 2.69 i 0.16 : 0.50 1- 0.09 : 0.09 : 2.35 i

Adrenalectomy o.23 "W W 0.04 0.03 0.05 0.01 =~' 0.46 "

Diabetic + 0.39 : 9.01 : 1.37 1 4.94 : N.D. 0.86 :t
Metyrapone 0.04 "' 1.61 ""“"'" 0.06 " 2.41 W‘ 0.05 “"1

Values are expressed as nmoles/gram wet weight tissue. Mean i S.E.M. of 4-6 separate determinations.* p<0.05 compared to control ;
** p<0.0l compared to control ;*** p<0.00l compared to control ; 1 p<0.05 compared to diabetic; 33 p<0.0l compared to diabetic; m
p<0.00l compared to diabetic ; l p<0.05 compared to insulin treated ; W p<0.0l compared to insulin treated; ll? p<0.00l compared
to insulin treated; t p<0.05 compared to; adrenalectomised;m p<0.00l compared to adrenalectomised.



TABLE-13

MONOAMINES  METAl30LITES IN CEREBELLUM OF 6-10 WEEK OLD RATS

Animal Status NE DA HVA 5-HT 5-HTP 5-HIAA

Control 0.90 i’ 0.32 i‘ 0.15 i‘ N.D. 0.14 i 1.00 :1:0.13 0.11 0.03 0.07 0.20
Diabetic 16.63 i‘ 0.14 i 0.25 i 0.05 i 0.12 i‘ 0.67 :l:

2.64 "I. 0.06 0.17 0.01 0.04 0.09
Diabetic + 0.22 i 0.88 i‘ 0.10 i‘ 0.25 i 0.04 i 0.36 i‘
Insulin 0.13 “' 0,14 " 0.04 0.07 0,01 "= 0,06 “

Diabetic + 1.45 i 0.05 i 0.10 2*.‘ 0.23 i‘ N.D. 0.69 i
Adrenalectoiny 0.13 “' 0.02 " 0.01 0.13 0.09

Diabetic + 0.73 i 3.23 i‘ 0.62 i 0.63 i 0.13 i 0.31 i
Metyrapone 0.06 “' 0.23 "' "' mm 0.27 0.05 "‘ " ” 0.11 " 0.11 '

Values are expressed as nmoles/gram wet weight tissue. Mean i S.E.M. of 4-6 separate determinations.
It p<0.05 compared to control ; ** p<0.0l compared to control ;'0-** p<0.00l compared to control ;t3 p<0.0l compared to diabetic ;
31: p<0.00l compared to diabetic; Ti p<0.0l compared to insulin treated; 77‘? p<0.00l compared to insulin treated; It p<0.0l
compared to adrenalectomised ; m p<0.00l compared to adrenalectomised.



TABLE- 14

MONOAMINES AND IVIETABOLITES IN THE HYPOTHALAMUS OF 40-60 WEEK OLD RATS

Animal NE DA HVA 5-HT 5-HTP 5-HIAA
Status

Control 4.87 i 0.35 i 0.34 i 0.84 i 0.45 i 9.34 i0.04 0.04 0.03 0.03 0.05 0.31
Diabetic 2.06 i 0.24 i 0.15 i 1.17 1' 0.57 i 7.011‘0.83 "° 0.04 0.03 “’ 0.14 0.19 0.89 ‘'

Diabetic + 3.32 i‘ 1.10 1' 0.24 i 0.79 1' 0.63 i 8.04 iInsulin 0.04 ’ 0.05 "' ’" 0.03 ° 0.20 0.44 0.09

Values are expressed as nmoles/gram wet weight tissue. Mean i S.E.M. of 4-6 separate determinations
' p<0.05 compared to control ;"p<0.01 compared to control ;
"' p<0.00l compared to control
W? p<0.00l compared to diabetic.



TABLE- 15

MONOAMINES ANDMETABOLITES IN BRAIN STEM OF 40-60 WEEK OLD RATS

Animal NE DA HVA 5-HT 5-HTP 5-I-IIAA
Status

Control 3.85 i 0.27 i 0.10 1' 1.83 i 0.26 i‘ 6.46 i0.45 0.06 0.04 0.40 0.05 0.99
Diabetic 15.09 i 2.77 i 0.12 i 0.58 i 11.66 i 3.54 i

0.60 °'°" 2.46 0.04 0.09 °'° 3.00 °"° 1.34
Diabetic + N.D. 1.18 i 0.09 i 2.55 i 0.43 i 5.23 i’Insulin 0.79 0.01 1.43 0.03 "' 0.87

Values are expressed as nmoles/gram wet weight tissue.
Mean 1' S.E.M. of 4-6 separate determinations.
"°p<0.0l compared to control; °'° p<0.0l compared to control; W? p<0.001 compared to diabetic



TABLE-16

MONOAMJNES METABOLITES IN CORPUS STRIATUM OF 40-60 WEEK OLD RATS

Animal NE DA HVA 5-HT 5-HTP 5-I-[IAA
Status

Control 1.23 i 17.42 i 2.36 i 1.22 i 3.08 i 5.11 i0.01 0.82 0.06 0.03 0.14 0.06
Diabetic 0.55 i 43.55 i 3.22 i 0.93 i 4.21 i 5.45 i0.03 “‘ 5.98 '° 0.53 0.01 '°" 0.88 0.24

Diabetic + 0.33 i 25.68 i 3.24 i 1.22 i 10.3]: 7.83 i
Insulin 0.16 ‘" 6.84 ' 0.97 0.07"‘ 2.86 " ' 0.95 " "

Values are expressed as nmolesl gram wet weight tissue. Mean i S.E.M. of 4-6 separate determinations.
" p<0.05 compared to control ;"'p<0.01 compared to control ; "“’ p<0.001 compared to control
‘? p<0.05 compared to diabetic ; W p<0.01 compared to diabetic ; W? p<0.001 compared to diabetic _



TABLE- 17

MONOAMINES AND METABOLITES IN THE CEREBRAL CORTEX OF 40-60 WEEK OLD RATS

Animal NE DA HVA 5-HT 5-HTP 5-I-IIAA
Status

Control 1.41 i 0.43 i 0.45 i 1.13 1- 0.43 i 4.34 i0.36 0.02 0.09 0.12 0.12 0.55
Diabetic 2.10 i 3.50 1- 0.19 .-t 0.87 i 0.12 i 2.93 i

0.11 0.10 °°° 0.01 ’ 0.20 0.04 °" 0.14 ‘’
Diabetic + 1.64 i 2.05 i 0.67 1- 1.42 i 0.46 i 5.37 1
Insulin 0.43 0.09 ’°' "' 0.07 ’ '" 0.04 0.02 ' 0.29 '"

Values are expressed as nmoles/gram wet weight tissue.
Mean i S.E.M. of 4-6 separate determinations.

"' p<0.05 compared to control ; ’°p<0.0l compared to control ;
“’° p<0.001 compared _to control ? p<0.05 compared to diabetic ;
W? p<0.001 compared to diabetic



TABLE- 18

MONOAMINES AND METABOLITES IN THE CEREBELLUM OF 40-60 WEEK OLD RATS

Values are expressed as nmoles/ gram wet weight tissue.
Mean i S.E.M. of 4-6 separate determinations.
‘' p<0.05 compared to control;
°*p<0.0l compared to control; ‘f p<0.05 compared to diabetic.

Animal NE DA 5-HT 5-HTP 5-I-IIAA
Status

Control 3.63 i 0.29 0.48 1- 0.06 0.13 i 0.05 0.11 i 0.01 0.45 i 0.04

Diabetic 40.97 :1: 14.37" 1.44 i 0.27" 0.38 i 0.07 " 0.15 i 0.02 1.50 :t0.35 '

Diabetic + 1.08 i 0.38 ' 1.24 1' 0.09 " 0.24 :|: .02 0.33 i 0.20 1.58 i 0.34"
Insulin



TABLE- 19

MONOAMINES AND METABOLITES AND [N HYPOTHALAMUS OF 72-104 WEEK OLD RATS

Animal Status NE DA HVA 5-HT 5-I-ITP 5-HIAA
Control 5.22 1 1.36 1 0.13 1 0.35 1 0.45 1 4.63 10.33 0.07 0.04 0.01 0.09 0.03
Diabetic 3.53 1 0.34 1 0.16 1 0.44 1 0.54 1 1.60 10.14 " 0,04 ' 0.03 0.03 0.22 0.30
Diabetic + 3.30 1 0.70 1 0.09 1 0.53 1 0.33 1 4.43 1Insulin 0.23  0.19 ' 0.01 0.03 0.03 0.32 “'
Diabetic + 2.15 1 0.75 1 N.D. 0.43 1 0.96 1 2.23 1

Adrenalectomy 0.66  ' " 0.23 ' 0.12 0.62 0.51  *"
Diabetic + 0.75 1 N.D. N.D. 0.64 1 0.45 1 3.01 1Metyrapone 0.04  "' m" 0.4 0.05 0.16  " "

Values are expressed as nmoles/gram wet weight tissue. Mean i S.E.M. of 4-6 separate determinations.
* p<0.05 compared to control ; ** p<0.01 compared to control ;*** p<0.00l compared to control .
3p<0.05 compared to diabetic; m p<0.00l compared to diabetic ;W p<0.01 compared to insulin treated; WT p<0.001 compared to
insulin treated ; tf p<0.01 compared to adrenalectomised.



TABLE-20

MONOAMINES AND METABOLITES IN BRAIN STEM OF 72-104 WEEK OLD RATS

Animal Status NE DA HVA 5-HT 5-HTP 5-HIAA

Control 3.60 1 0.33 1 0.15 1 2.05 1 0.07 1 2.86 10.23 0.05 0.01 0.03 0.01 0.40
Diabetic 1.63 1 0.27 1 0.13 1 0.30 1 0.19 1 2.30 1

o. 12  0.05 0.01 0.01  0.05 0.14
Diabetic + 3.42 1 0.30 1 0.09 1 0.93 1 0.22 1 4.55 1
Insu.lin 0.38 "' 0.03 0.01"" 0.18 "‘= 0.11 0.34 "'

Diabetic+ 1.55 1 0.12 1 0.041 0.971 0.361 2.161
Adrenalectomy 0.25  '" 0.03 " 0.01 “‘“'" 0.12  " 0.27 0.28 "

Diabetic + 1.54 1 0.25 1 0.11 1 0.65 1 0.26 1 2.36 1
Metyrapone 0.03  '" 0.07 0.01 "" 0.08"" 0.23 0.56 "

Values are expressed as nmoles/gram wet weight tissue. Mean i S.E.M. of 4-6 separate determinations.
* p<0.05 compared to control ; H p<0.01 compared to control ;*** p<0.00l compared to control;
3p<0.05 compared to diabetic ; 33 p<0.0l compared to diabetic ;m p<0.00l compared to diabetic;
lp<0.05 compared to insulin treated; ll p<0.0l compared to insulin treated;

WT p<0.00l compared to insulin treated; m p<0.00lcompared to adrenalectomised.



TABLE-21

MONOAMINES AND METABOLITES [N CORPUS STRIATUM OF 72-104 WEEK OLD RATS

Animal Status NE DA HVA 5-HT 5-HTP 5-HIAA
Control 1.32 : 14.45 1.65 : 0.65 1 1.21 : 2.99 i0.04 :,0.62 0.04 0.07 0.21 0.10
Diabetic 1.35 : 10.09 : 1.49 : 0.29 : 1.31 : 3.49 :0.14" 2.73 0.15 0.01 0.13 0.15
Diabetic + 2.52 i 12.39 : 1.47 : 1.13 1 2.03 : 3.13 :
Insulin 0.25 “‘~ 0.40 0.17 0.13"“ 0.23 0.03

Diabetic + 0.37 1 13.04 : 2.00 : 0.41 : 3.02 :r 1.76 :Adrenalectomy 0.07 "W" 5.13 0.15 0.19 " 1.69 0.03 ‘ '
Diabetic+ 0.30: 7.39: 2.44: 0.60: 1.13: 1.13 :
Metyrapone 0.01  W "1 1.93 0.31 "1 0.13 " 0.03 0.75 " "T"

Values are expressed as nmoles/gram wet weight tissue Mean i S.E.M. of 4-6 separate determinations.
* p<0.05 compared to control; H p<0.0l compared to control ;-0-** p<0.00l compared to control . tp<0.05 compared to diabetic; 1
p<0.0l compared with diabetic; m p<0.00l compared to diabetic ; ll p<0.05 compared to insulin treated fl p<0.0l compared to
insulin treated; WT p<0.00l compared to insulin treated.



TABLE-22

MONOAMINES  METABO1..ITES [N CEREBRAL CORTEX OF 72- 104 WEEK OLD RATS

Animal Status NE DA HVA 5-HT 5-H'I'P 5-I-IIAA
Control 2.36 i‘ 0.50 i 0.19 i 0.68 :1: 0.14 i 1.88 i0.12 0.10 0.03 0.23 0.05 0.32
Diabetic 4.39 i 0.30 i" 0.24 1' 2.29 i 0.22 i 1.99 i1.78 0.18 0.10 1.69 0.07 0.21

Diabetic + Insulin 2.20 i‘ 1.41 :t 0.24 i 0.10 i 0.12 1' 1.97 i0.32 0.01 0.04 0.02 0.02 0.45
Diabetic+ 0.76i 0.55 i‘ 0.16i 0.46i 0.17i l.10i

Adrenalectomy 0.05 ' 0.01 0.10 0.02 0.04 0.48
Diabetic + 0.76 ‘J: 0.82 i 0.49 i 0.26 i 1.40 i‘ 1.60 i
Metyrapone 0.26 " 0.72 0.38 0.04 1.12 0.01

Values are expressed as nmolesl gram wet weight tissue. Mean i S.E.M. of 4-6 separate determinations
1 p<0.05 compared to diabetic; 33 p<0.01 compared to diabetic



TABLE-23

MONOAMINES  METAl3OLITES IN CEREBELLUM OF 72-104 WEEK OLD RATS

Animal Status NE DA HVA 5-HT 5-HTP 5-HIAA

Control 2.07 i 0.91 i 0.34 i 0.30 i 0.06 i 0.58 i0.29 0.20 0.01 0.01 0.01 0.06
Diabetic 3.01 i 0.53 i 0.15 1- 0.06 i 0.18 i 1.17 i

0.73 0.18 0.01 "' 0.01 '” 0.03 '" 0.05 "
Diabetic + 2.20 i 0.56 i N.D. 0.11 i N.D. 1.13 1Insulin 0.59 0.07 0.01 0.02 "
Diabetic +

Adrenalectomy 0.50 1- 0.35 i N.D. N.D. ND. 0.37 io.o3 "N? 0.01 - 0.27"
Diabetic +

Metyrapone 0.26 i N.D. N.D. N.D. N.D. 0.10 i0.10 ' "" 0.01 "'
Values are expressed as nmoles/ gram wet weight tissue.
Mean i‘ S.E.M. of 4-6 separate determinations.

-0- p<0.05 compared to control ; ** p<0.01 compared to control ;**-I p<0.001 compared to control;
331 p<0.00l compared to diabetic;T p<0.05 compared to insulin treated. V



TABLE-24

l°Hl NORADRENERGIC RECEPTOR m DING PARAMETERS [N BRAIN
STEM

CONTROL DIABETIC DIABETICHNSULIN

Young Old Young Old Young Old

13.... 174.25 1 105.33 1 353.00 1 320.00 1 152.66 1 150.00 1
(fmoles/mg 4.25 6.36 57.37° 11.55‘ 27.03 50.33

protein)

I<., (nM) 11.53 1 9.05 1 9.25 1 3.97 1 5.111 12.45 10.41 0.45‘ 0.17’ 0.41 0.97"" 0.20""

Mean i S.E.M. of 3-4 separate determinations B...“ - Maximal Binding, K4 - Dissociation
constant

' p< 0.05 Compared to control old " p< 0.01 Compared to control old
‘p< 0.05 Compared to control young " p< 0.01 Compared to control young
" p< 0.01 Compared to diabetic old " p< 0.01 Compared to diabetic young

TABLE-25

cAMP CONTENT IN BRAIN STEM

CONTROL DIABETIC DIABETIC+INSULIN

Young Old Young Old Young Old
CAMP

(pmoles/mg 0.11 1 0.27 1 4.33 1 0.24 1 1.76 1 0.45 1
protein) 0.04 0.05" 1.12" 0.03"‘ 0.73‘ 0.13‘

Mean :1: S.E.M. of 3-4 separate determinations
' p< 0.05 Compared to control young
’ P<0.05 Compared to diabetic+insulin young

" p< 0.001 Compared to control young
'" p< 0.001 Compared to diabetic young



TABLE-26

§INDlNG PARAMETERS OF IBHI NE Vs PRAZOSIN INLIRAIN STEM

CONTROL DIABETIC DIABETIC+INSULIN
YOUNG OLD YOUNG OLD YOUNG OLDBEST FIT 2 I 2 I 2 

MODEL

LogEC5o I -8.367 -9.209 -9.282 -9.158 -8.081 LogEC5o 2 -4.179 - -4.150 - -3.532 
Ki 1 (M) 2.3 e-009 2.93 e-010 2.5] e-010 3.29 e-OIO 2.8le-009 
Ki 2 (M) 3.55 e-005 - 3.4 e-005 - 9.92 e-005 

TABLE-27

BINDING PARAMETERS OF Fm NE Vs YOH[Ml_3INE IN BRAIN STEM

CONTROL DIABETIC DIAI3ETIc+1NsUL1N
YOUNG OLD YOUNG OLD YOUNG OLDBEST FIT 2 1 1 1 1 

MODEL

LogEC5o 1 -8.316 -8.562 -3.993 -3.22 -9.036 LogEC5o 2 -5.343 - - - - 
Ki 1 (M) 2.59 e-009 1.3 ¢~oo9 4.33 e-010 2.35 e-009 3.11 e-010 —Ki 2 (M) 2.41 e-006 — . - - 



TABLE-28

BINDING PARAMETER_S OF [311] NE Vs PROPRANOLOL IN I_3RAIN STEM

CONTROL DIABETIC DIABETIC+INSULIN
YOUNG OLD YOUNG OLD YOUNG OLDBest Fit 2 1 I 1 1 1

Model

LogEC5o1 -9.126 -9.137 -8.531 -7.275 -7.916 -9.238LogEC5o2 -4.374 - - - - 
Ki I (M) 4.02 e-010 3.47 e-010 1.42 e—009 2.51 e-008 4.l e-009 3.2l e-0l0Ki 2 (M) 2.27 e-005 - — - - 

TABLE-29

BINDING PARAMETERS OF [311] NE Vs ATENOLOL IN BRAIN STEM

CONTROL DIABETIC DIABETlC+INSULIN
YOUNG OLD YOUNG OLD YOUNG OLDBEST FIT - 1 1 1 1 2

MODEL

165150501 - -7.281 -8.637 -7.836 -8.439 -8.429LogEC5o2 - - - - - -5.057
Ki 1 (M) - 2.49 e-008 1.11 e-009 6.90 e-009 1.23 e-009 2.07 e-009Ki 2 (M) - - - - — 4.86 6-006



TABLE-30
MONOAMINES AND METABOLIT ES IN WHOLE PANCREAS

DIABETIC + DIABETIC +
CONTROL DIABETIC INSULIN METYRAPONE

Young Old Young Old Young Old Young Old
NE 1.24 i0.04 0.62 ?0.06 1.38 i 0.17 1.20 m 0.03 1.16 i 0.07 0.98 i 0.01 069231‘ 0.445005

EPI 0.22 10.02 0.77 i 0.18 0.43 :1: 0.22 0.73 i 0.16 0.51 i 0.30 0.98 1' 0.02 0.59 i 0.34 :l:0.03

DA 0.33 i 0.03 0.17 i 0.02 0.20 i 0.05 0.17 i 0.02 0.08 1:002 0.25 i 0.01" 0l)2(l51i' 0. 10.§'0.0l
HVA 0.08 i 0.01 0.08 i0.0l 0.24 i 0.01 0.11 i 0.04 0.28 i 0.20 0.13 i 0.02  2*: N.D.

5-HT 0.08 i 0.01 0.28 i 0.06 0.22 i 0.02 0.28 i’ 0.12 N.D. 0.03 i‘ 0.02 0(.)0(2li 0.06 i 0.01

5-HIAA 0.14 i 0.01 2.75 i‘ 0.73 0.93 1 0.62 1.10 i 0.82 1.07 i 0.07 0.76 i 0.12 0(.)2(61_*_' 0.54 m0.28' 0.03
NMN 0.52 i 0.02 0.07 i 0.03 0.22 :t 0.02 I 0.10 i 0.03 0.20 i 0.05 0.068 i0.0l N.D. 0.07 i 0.01

Values expressed as nmoles/gram wet weight tissue. Mean i S.E.M. of 4-6 separate determinations.
* p<0.05 compared to control young.; ** p<0.01 compared to control young ; *** p<0.00l compared to control young;
3 p<0.05 compared to control old; lp<0.05 compared to old insulin treated ; ll p<0.01 compared to old insulin treated ;
* p<0.05 compared to young metyrapone treated; * *p<0.0l compared to young metyrapone treated I’ p<0.05 compared to old
diabetic ; 0 p<0.05 compared to young insulin treated; 00 p<0.0l compared to young insulin treated; -I--L p<0.01 compared to old
metyrapone treated .



TABLE-31

CATECHOLAMINES IN ISOLATED PANCREATIC ISLETS

CONTROL DIABETIC DIABETIC+INSULl
N

Young Old Young Old Young om

NE 033 3: 2.37 1 3.89 : 4.27 : 2.23 1 N.D.
(nmoles/mg 0.07 0.52‘ 0.14“‘ 0.34" 0.02‘
islet protein)

EPI 2.42 :1: 0.07 : 0.86 : 0.46 i 2.50 : 1.23 :
(nmoles/mg 0.02 o.03"' 0.01‘ 005°’ 0.25‘ 0.55"
islet protein)

Mean 4: S.E.M. of 3-4 separate determinations
' p< 0.05 Compared to control young

m p< 0.001 Compared to control young
" p< 0.01 Compared to control old

"' p<0.00l Compared to control old
'p< 0.05 Compared to diabetic young



TABLE-32

IJIII NORADRENERGIC RECEPTOR IEDING PARAMETERS IN ISOLATED
PANCREATIC ISLET CELL SUSPENSION

CONTROL DIABETIC DIABETIC+INSULIN

Young Old Young Old Young Old

Bmax 330.00 1 626.25 : 730.00 : 1410.00 i 233.00 : 35000 i
(fmoles/mg 15.23 14.40" 25.50" 90.00"‘ 66.50 50.00‘

protein)

IC. (DM) 9.95 : 12.44 : 35.42 5; 31.95 : 10.17 :t 12.67 :1.42 0.34 13.33"‘ 4.20"‘ 2.67 0.17

Mean i S.E.M. of 3-4 separate determinations B,,..,-Maximal Binding, Kd-Dissociation
constant
'p< 0.05 Compared to diabetic old '"p< 0.001 Compared to control old
“p< 0.0lCompared to control young “'p< 0.00lCompared to control young

TABLE-33

CAMP CONTENT IN PANCREATIC ISLETS

CONTROL DIABETIC DIABETIC+INSULIN

Young Old Young Old Young Old
CAMP

(pmoles/mg 1.03 :t 2.13 1 3.13 2: 0.92 : 2.45 i 4.30 :
islet protein) 0.05 1.11 0.73"‘ 0.12"‘ 0.92 1.60‘

Mean i S.E.M. of 3-4 separate determinations
m p< 0.001 Compared to control young

‘p< 0.05 Compared to control old
'" p< 0.001 Compared to diabetic young



TABLE-34

BINDING PARAMETER_S OF 13H] NE Vs PRAZOSIN IN PANCREATIC ISLETS

CONTROL DIABETIC DIABETIC+INSULIN
YOUNG OLD YOUNG OLD YOUNG OLDBEST FIT 2 2 2 2 1 1

MODEL

LogEC5ol -8.4 -3..759 -9.39 -7.926 -8.719 -9.457LogEC5o2 -5.23 -5.064 -5.65 -5.11 - 
Ki 1 (N3 2.65 e-009 1.24 e-009 3.57 e-010 1.02 e-008 1.28 e-009 2.50 e-010
Ki 2 (M) 3.89 e-006 6.15 e-006 1.96 e-006 6.72 e-006 - 

TABLE-35

BrINDING PARAMETER_S OF 13H] NE Vs YOIIIMI_3INE IN PANCREATIC
ISLETS

CONTROL DIABETIC DIABETIC+INSULIN
YOUNG OLD YOUNG OLD YOUNG OLDBEST FIT 2 1 2 1 1 2

MODEL

LogEC5o1 -8.778 -8.324 -8.768 -7.857 -3.99 -9.032Log15C,o2 -5. 174 - -3.642 - - -5.31
Ki 1 (M) 1.11 e-009 3.33 e-009 1.49 e-009 1.20 e-008 6.72 e-010 6.66 e-010
Ki 2 (M) 4.45 e-006 - 0.000199 - - 3.53 e-006



TABLE-36

BINDING PARAMETIES OF [3 H] NE Vs PROPRANOLOL IN PANCREATIC
ISLETS

CONTROL DIABETIC DIABETICHNSULIN
YOUNG OLD YOUNG OLD YOUNG OLDBEST FIT l 1 2 I 1

MODEL

LogEC5ol -9.41 -8.25 -8.486 -9.367 -8.836 -9.549LOgEC5o 2 - -   ' 
Ki 1 (M) 2.57 e-010 4.02 e-009 ZLB6 e-009 3.72 e-010 9.77 e-0l0 2.03 e-010Ki 2 (M) - - 0.000551 7.33 e-005 —

TABLE-37

IIINDING PARAMETER_S OF l3H] NE Vs ATENOLOL IN PANCREATIC
ISLETS

CONTROL DIABETIC DIABETIC+lNSULIN
YOUNG OLD YOUNG OLD YOUNG OLDBEST FIT 2 2 1 1 2 1

MODEL‘

LogEC5o 1 -9.22 -9.394 -9.023 -9.09 -9.133 -7.326LogEC5o2 -5.49 -4.69 - - -4.345 
Ki 1 (M) 3.93 e-010 2.37 e-010 3.21 e-010 7.01 e-010 4.61 e-010 3.33 C-003
Ki 2 (M) 2.13 e-006 1.46 e-005 - - 3.03 e-005 —



TAB LE-38

GLUCOSE INDUCED INSULIN SECRETION AND cAMP PRODUCTION
In Vitro

YOUNG OLD
4mM Glucose 20mM Glucose 4mM Glucose 20mM Glucose

Insulin

(p. Units/mg 190.38 1: 22.15 245.57 i 30.14 36.38 i 1204' 70.88 il9.50'
islet protein)

cAMP(p molesl 0.073 :t 0.01 0.86 i 0.01"‘ 0.42 : 0.03"‘ 0.52 1 0.02"'"
mg islet protein)

Mean i S.E.M. of 3-4 separate determinations
p< 0.05 Compared to 4 mM glucose young mp< 0.001 Compared4 mM glucose young
‘” P<0.05 Compared to 20 mM glucose young " p< 0.01 Compared to 4 mM glucose old



Figure-1

[3H] NE SCATCHARD IN THE BRAIN STEM
IN DIABETES AS A FUNCTION OF AGE
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Figure-2

Nonlinear regression curve for
[3H] NE Vs prazosin in

brain stem
150U 1§ - Control Young0

f, 100
SE

8,_ I
W0- 50'
O

32
10 I I I I-12.5 -10.0 -7.5 -5.0 -2.5

log of antagonist concentration

1507u n IS - Diabetic Youngo
.o
0 100
E

ii
-2 50o
$ 0 I T I ' I-12.5 -10.0 -7.5 -5.0 -2.5

log of antagonist concentration

150~-5 - Diabetic+lns Young
§
8U 100- IEo
§
08 50.\° 10 I I I I-12.5 -10.0 -7.5 -5.0 -2.5

log of antagonist concentration



Figure-3

Nonlinear regression curve for
[°H]NE Vs prazosin in brain

stem
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Figure-4

Nonlinear regression curve for
[3H] NE Vs yohimbine in

brain stem
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Figure- 5

Nonlinear regression curve for
[3|-l]NE Vs yohimbine in brain

stem
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Figure-6

Nonjinear regression curve for
PH] NE Vs propranolol in

brain stem
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Figure-7

Nonlinear regression curve for
[°H]NE Vs propranolol in brain

stem
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Figure-8

Nonlinear regression curve for
[3H] NE Vs atenolol in

brain stem
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Figure-9

Nonlinear regression curve for
[3H]-NE Vs atenolol in

brain stem
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[SH] NE SCATCHARD [N PANCREATIC ISLETS
IN DIABETES AS A FUNCTION OF AGE
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Figure- I I

Nonlinear regression curve for
[3H]NE Vs prazosin in

pancreatic islets
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Figure- I 2

Nonlinear regression curve for
[3H]NE Vs prazosin in

pancreatic islets

150W2 - Control Old
3

E 100- 0
§no. 50- I33 .0 I 7 1 I-12.5 -10.0 -7.5 -5.0 -2.5

log of antagonist concentration

150-E - Diabetic Old
3
" 1oo~
s"s'° I
§
'5 5°‘
33 0 I I I I-12.5 -10.0 -7.5 -5.0 -2.5

log of antagonist concentration

150‘ n § - DIabetIc+|ns Old0'° 1oo- - o
E
i I
-2 500
.\° 0 I I I I-12.5 -10.0 -7.5 -5.0 -2.5

log of antagonist concentration



Figure- 13

Nonlinear regression curve for
[3|-|]NE Vs yohimbine in

pancreatic islets
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Figure- 14

Nonlinear regression curve for
[°H]NE Vs yohimbine in

pancreatic islets
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Figure-I5

Nonlinear regression curve for
[3H]NE Vs propranolol in

pancreatic islets
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Figure-17

Nonlinear regression curve for
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Figure- 19

EFFECT OF CORTICOSTEROIDS ON GLUCOSE INDUCED INSULIN
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Figure-20

EFFECT OF DOPAMINE ON GLUCOSE INDUCEDIINSULIN
SECRETION As A FUNC1‘ION OF AGE IN VITRO
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DISCUSSION

Blood Glucose and _Bodvweigh_t

Diabetes mellitus is essentially a disease of hyperglycaemia. Administration of

streptozotocin results in hyperglycaemia. This is due to the marked destruction of insulin

secreting pancreatic islet B-cells by streptozotocin (Junod et al 1969). Our results are in

agreement with the various reports of marked hyperglycaemia and reduction of body

weight in streptozotocin administered rats compared to vehicle injected controls.

Hyperglycaemia occurs as a result of increased glycogenolysis, decreased glycogenesis,

increased gluconeogenesis, impaired glucose transport across membranes and almost

complete suppression of the conversion of glucose into fatty acids via acetyl-CoA.

Reduction in body weight in diabetes is due to wastage of body tissues resulting from the

altered metabolic function. The limited B-cell regeneration occurring in STZ-treated

young rats (Weir et al, 1981) and decrease in insulin secretory efficiency (Cuny et al,

l984) as animal ages, could account for the marked differences in the level of

hyperglycaemia noted, as a function of age in diabetic rats. Central noradrenergic

pathway by activation of sympatho-adrenal system can elecit hyperglycaemia (McCaleb &

Myers; 1982). Concentration of norepinephrine in several brain regions have been

reported to have increased during the course of diabetes (Tasaka el al , 1992). It is well

documented that (Christensen, 1979, Jackson et al., 1997) there is an elevation of

circulating catecholamines during diabetes both in human and rats. Also,

adrenodemelludation (Christine et al., 1993) and adrenalectomy have been shown to have

attenuated the STZ-induced hyperglycaemia (Yang & Lin, 1995). Our results clearly

indicate the role of adrenal hormones and adrenergic receptors in glucose homeostasis and

cellular function in diabetes. Blocking of corticosteroid biosynthesis, and adrenalectomy

in diabetic rats resulted in significant decrease in the levels of corticosteroids and

catecholamines, which may arrest the increased glycogenolysis and gluconeogenesis

observed in diabetes, thus bringing about a control in hyperglycaemia.
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yrain Monoamines and their metabolites as a function of g

The glucose homeostasis is dependent on central noradrenergic (McCaleb &

Myers, 1982) serotonergic and dopaminergic control (Alster & Hillegaart, 1996). We,

therefore investigated the changes occuning in the monoamines and their metabolites in

various regions of the brain in three age groups of rats in order to understand its fimctional

correlation in the development of diabetes mellitus in the elderly. Our results show that

there is a significant age-related increase in NE content in the hypothalamus, brain stem,

corpus striatum, cerebral cortex and cerebellum A progressive increase in adrenal

medullary hormones with age have been reported (Veith et al., 1986). Garris (1990) have

reported an age-related increase in NE in various brain regions of genetically obese

diabetic mice C57 BL/Ks] Mice. Reis et al., (1977) have reported an increased tyrosine

hydroxylase, a key enzyme in the catecholamine biosynthesis, activity in the hypothalamus

and adrenal glands of rats as a fimction of age. This is in agreement with our finding of

increased NE content in the ageing brain . Also a progressive decline of the catecholamine

degrading enzymes monoamine oxidase (Oreland & Shasken, 1983) and catechol-o-methyl

transferase activity in brain of rats (Stramentioli, 1977) with age has been reported. We

propose that increased noradrenergic activity in the ageing brain could be a factor leading

to impaired glucose tolerance and insulin secretory efficiency seen in the aged.

Our results are concordant with the previously reported findings of decreased DA

content in striatum of rats (Finch, l97l). A decrease in dopamine receptors in the

striatum has also been reported (Misra et al, 1980). Also it has been reported that in

striatum and substantia nigra, there is a significant decrease in the ability of dopamine to

stimulate the formation of cAMP with age. Substantia nigra is one autonomous area of

the central nervous system which plays an important role in controlling the structure and

activity of the pancreatic islets. Studies have shown that pancreatic islets from rats with

lesions of the substantia nigra are reduced in both size and number compared to age

matched controls, accompanied with specific change in islet hormone content and islet

fimction (Smith & Davis, 1983). Moreover, a decreased dopamine synthesis rate (Trulson

& Hirnmel, 1983) and decreased dopamine D1 receptors in the corpus striatum of diabetic
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rats (Salkvoic & Lackovic, 1992) have been reported. Therefore, its logical to presume

that the impairment of central dopaminergic system has a significant role in the

development of adult onset diabetes mellitus.

Serotonin content did not show any change or showed slight increase in various

brain regions studied. This is in agreement with already published reports (Simpkins et al,

I977) on the effect of ageing on serotonin content. Serotonergic system play a role in

glucose homeostasis via 5-HTM receptors (Alster & Hillegaart, 1996) and an increase in

5-HT.,\ and SHT2 receptors have been reported in STZ-diabetic rats (Sandrini et al.,

1997). Increased levels of 5-HT in aged rats might mediate a regulatory role in insulin

fimction via mediation of 5—HTm and SHT2 receptors.

_Brain monoamines and their metabolites in diabetes as a function of age;

Though considerable amount of literature is available on diabetes induced

alterations in the brain monoamines, very few comparative reports are there on the

alterations of brain monoamines in diabetic state in young and old rats. Regional brain

norepinephrine concentrations and adrenergic receptors have been reported to show age

and diabetes associated alterations in genetically obese diabetic (C57 BL/KsJ) mice,

(Ganis, 1990) where regional brain NE levels in diabetic state were chronically elevated as

compared to those of age-matched controls (Garris, 1990).

Our results show that there is marked difference in the alterations of brain

monoamines in diabetes as a fimction of age. Though, we have observed an age-related

increase in NE content, in control rats, this was not the case in STZ-diabetic rats. STZ

diabetic young rats, showed a significant increase in NE content in hypothalamus,

brainstem, corpus striatum and cerebellum and no change in NE content was noted in the

cerebral cortex. This is concordant with the previously published reports (Lackovic et al ,

1990; Chen & Yang, 1991, Tasaka et al, 1992). STZ-diabetic adult rats showed

significant increase in NE in brain stem and cerebellum while in the hypothalamus and

corpus striatum there was a significant decrease in NE content and cerebral cortex did not

show any significant change. STZ-diabetic old rats showed significant decrease in the NE
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content in hypothalamus and brain stem, while in other regions, no significant change was

noted. A decrease in hypothalarnic NE content have been reported in diabetic state (Chu

et al, 1986; Shimizu, 1991). NE levels were also decreased in pons and medulla

(Ramakrishna & Namasivayam, I995) neocortex and caudal segment of the brain stem

(Kulikov et al,, 1986). Plowever, none of these studies have addressed the role of ageing

in these changes.

Thus, we see a dilferential regulation of NE in young and old diabetic rats as a

fimction of age. A differential regulation of glutamate dehydrogenase activity in the brain

of young and adult STZ-diabetic rats have been reported (Biju & Paulose, 1998). The

mechanism behind this differential regulation of NE in the different brain regions of young

and old rats is unclear. Several possibilities can be considered. Elevation of NE could be

due to inhibition of presynaptic release of NE or an increased reuptake of released NE

(Bitar, et al, 1986), and a decrease in the metabolic degradation of NE (Bitar & De'Souza,

1990, Ramakrishna & Namasivayam, 1995, Trulson & Himmel, 1985).  elevation in

tyrosine hydroxylase enzyme activity in response to both short and long term

hyperglycaemia, in all the brain regions have been reported (Gupta, et al 1992). This

increase in tyrosine hydroxylase activity could also be responsible for the high levels of NE

reported in diabetes. The decrease in NE content in adult and old diabetic rats could be

due to either decreased uptake, synthesis or an increased rate of degradation in old

diabetic rats. An age related decrease in the uptake of NE and DA in the synaptosomes of

hypothalamus and striatum of mouse has been reported (Sun, 1976; Jonec & Finch, 1975).

Monoamine oxidase have been reported to be higher during short tenn diabetes (Mayanil

et al, 1982). Besides, a significant lack of responsiveness of noradrenergic system in old

rats (Greenberg & Weiss, 1979) could also play a role in the differential regulation

observed.

Dopamine also showed differential regulation in diabetes as a fimction of age. Our

results are concordant with those of others (Chu et al., 1986; Tasaka et a! .,l992;

Shimizu, 1991) with respect to young and adult diabetic rats. Of all the brain regions

studied, only corpus striatum showed significant increase in DA content in diabetic state in

young, rats. However, in adult diabetic rats, there was a significant increase in DA



content in corpus striatum , cerebral cortex and cerebellum. Diabetic old rats on the other

hand, showed a decrease in DA content in hypothalamus with no significant change in all

other regions. This could be due to failure of the dopaminergic system which we have

already discussed with reference to ageing. The increase in DA content in young and

adult rats could be due to a decrease in its degradation (Trulson & Himmel, I983; Bellush

et al., 1991) as evidenced by decrease in its metabolite homovanillic acid. Elevation in

tyrosine hydroxylase enzyme activity (Gupta et al., 1992) could also contribute to

increased DA. A decrease in the release of dopamine from synaptosome in

hyperglycaemic state (Lim & Lee, 1995) could also account for the elevated DA in young

and adult diabetic rats. Thus, we see a differential regulation of DA and its metabolite,

HVA in different regions of the brain as a function of age.

Serotonin showed diiferential metabolic regulation in diabetes as a function of age.

From our results it is evident that 5-HT content decreased in the hypothalamus of young

diabetic rats due to increased metabolic degradation. In cerebral cortex and corpus

striatum, the decreased 5-HT content was due to decreased synthesis and increased

degradation. In adult diabetic rats, brain stem and corpus striatum showed significant

reduction in 5-HT content due to decreased synthesis and also increased metabolic

degradation. However, hypothalamus and cerebellum showed significant increase in 5-HT

levels. , This was due to increased synthesis and decreased degradation. In diabetic old

rats, 5-HT synthesis decreased significantly in brain stem, while in the cerebellum, there is

decrease in 5-HT synthesis and degradation. Though alterations in 5-HT levels in diabetic

state are reported in literature, we find there no report on the effect of ageing on 5-HT

metabolism in diabetic state. Our work throws light on the diflerential metabolism of 5

HT occurring in different regions of the diabetic brain as a function of age.

Serotonin levels have been reported to be lower in neocortex and central segment

of brain stem (Kulikov er al , 1986) hypothalamus and brain stem (Chu et al , 1986;

Shimizu, 1991) and no change in 5-HT were reported in corpus striatum (Chu et al ,

1986) in diabetic state. However, we report that there is reduction of 5-HT levels in

corpus striatum of young and adult rats, though no change was evident in old rats.

Though no reports of 5-HT content in cerebellum is available, we found that there was
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differential regulation of 5-HT in cerebellum of adult and old diabetic rats, for 5-HT levels

increased in adult and decreased in old. The discrepancies in the literature could be

because of the differences in age groups studied and the animal models chosen. Studies in

diabetic mice, revealed an increase in 5-HT in the hypothalamus, hippocan1pus, pons

medulla and cortex (Chen & Yang, 1991).

Changes in monoamines have profound effect on mood alterations. Quite

moderate change of brain tryptophan concentration can lead to altered behaviour (Lytle et

al , I975). The mood swings commonly observed in diabetic patients may be attributable,

at least in part to alteration in forebrain NE metabolism (Trulson & Himmel, 1985) .

Altered dopaminergic function in the CNS may mediate certain endogenous mood

disorders as well as the emotive changes that accompany diabetes mellitus (Tmlson &

Himmel, 1983). Hypertherrnia, hyperlocomotor activity, hyperphagia, associated with

diabetes mellitus is attributed to changed noradrenergic activity in the brain (Bitar et al.,

1987). Also altered response to painful stimuli observed in diabetics have been attributed

to the dopaminergic and serotonergic system (Chu et a1 , 1986).

Among the various neuroendocrine alterations, increased adrenal activity have

been recognised in diabetic patients (Hudson et al, 1984). The hypothalamo-pituitary

adrenal axis might play a very significant role in the pathophysiology of diabetes mellitus.

Central catecholamines play a stimulating role on the secretion of ACTH through an

action at the hypothalamic level (Giullaume et al., 1987). ACTH from the brain influence

the adrenal cortex to secrete corticosteriods. Corticosteroids play an important role in

carbohydrate metabolism, excessive corticosteriods can result in hyperglycaemia. It is

therefore reasonable to think that if the adrenal activity can be suppressed, many metabolic

alterations in diabetes could be prevented.

In young diabetic rats, both adrenalectomy and metyrapone treatment significantly

reduced the increased NE levels in all the brain regions studied and the extent of recovery

was as good as insulin therapy. In diabetic old rats, where a decrease in NE was noted,

adrenalectomy and metyrapone treatment, finther decreased the NE content. DA content

was also affected by these treatments in the corpus striatum, where a significant increase in

DA was noted. Adrenalectomy and more efficiently, metyrapone treatment reversed the
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DA content to control values. Metyrapone treatment significantly increased the 5-HT

values in young diabetics. In old rats too, metyrapone treatment increased 5-HT values

wherever it decreased. Dopaminergic system was unresponsive to metyrapone treatment

in the old.

From our results, it is quite clear, that adrenal hormones does have a profound

effect on regulating the levels of monoamines in the brain. These effects may be acting via

the hypothalamo-pituitary-adrenal axis-because the blood-brain-barrier prevents the entry

of these hormones directly into the brain. Moreover, we find that increased levels of NE

in brain has positive correlation to hyperglycaemia and that this is reversed by the

reduction of adrenal medullary as well as cortical honnones.

Adrenalectomy increases pro-opio-melanocorticotropin (POMC) transcription in

the brain (Robert et al., 1993). The POMC family consists of peptides that act as

honnones and neurotransmitters or neuromodulators. They are ACTH, B-lipotropin, (1

MSH, corticotrophin like intermediate lobe peptide, y-lipotropin, B- endotropin, B- MSH,

y-endorphin and a-endorphin. [3-endorphin has been reported to stimulate insulin

secretion in diabetes (Giugliano et a1., 1987). Besides, Guellan, et al., (1978) have found

an enhancement of the number of beta-receptor sites after adrenelectomy in hepatic plasma

membranes. Perhaps, this increase in beta-receptor sites might occur in pancreas as well.

It is well documented that B-adrenergic receptor stimulation enhances insulin secretion.

Also, ACTH in supra physiological concentrations stimulate insulin release (Robert et al.,

1993 ). Adrenalectomy and metyrapone administration results in enhanced ACTH release,

under these conditions sufficient corticosteriods are absent to impose a feed back

suppression of ACTH and thus promote insulin secretion. This explains why

adrenalectomy and metyrapone were effective in controlling the hyperglycaemia and

monoamine alterations in diabetic state.

Adrenergic receptor function in the brain stem of diabetic rats as a function of ag_e_

Brain stem region has direct connection with the pancreatic islets through the

vagus nerve. Therefore we decided to study the alterations of adrenergic receptors in this
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region. NE can act on distinct receptor subtypes (1., 012, B1, B2 and B3. It is generally

accepted that B-adrenergic receptors are positively coupled to adenylate cyclase (Dohlman

er al , I991), on-adrenergic receptors receptors are coupled to phospholipase C and P1

turn over (Dean et al , 1997), while otz-adrenergic receptors are negatively coupled to

adenylate cyclase (Yamazaki, et al., l982). Adenylate cyclase is involved in the

generation of cAMP which is an important second messenger in signal transduction.

cAMP system may be regulated by various other hormones, neurotransmitters and

neuromodulators in addition to adrenergic receptors.

From our results it appears that the increase in NE in old rats may be leading to the

adrenergic receptor down-regulation. The aflinity for the ligand increased in all subtypes

of receptors, however, the strength of binding decreased. Down-regulation of biological

response despite adequate concentration of the ligand, may be due to phosphorylation of

the adrenergic receptors (Sibley et al., 1984). However, cAMP levels were high,

indicating that there was activation of adenylate cyclase. This could be due to either the

signal transducted through B,-adrenergic receptor subtype in old rats which also displayed

high alfinity for the ligand,(B1-adrenergic receptors were not detected in control young

rats) or fimctional alteration of G-protein could occur. Incidentally, B.-adrenergic

receptors are the ones primarily involved in neuronal fiinction (Nicoll et al , 1990). From

our results, it appears that in the old rats there is increased neuronal transmission in the old

compared to young. In young diabetic rats, there was an up-regulation of adrenergic

receptors with an increase in aflinity for the ligand. on-adrenergic receptors displayed

higher aflinity for the ligand and but the strength of binding was low as in old controls.

However, total B-adrenergic receptors and B.-adrenergic receptors showed enhanced

activity. B.-adrenergic receptors were not expressed in control young. This partly

explains the increase in cAMP levels noted in young diabetics compared to control. Basal

adenylate cyclase activity was increased in the retina of diabetic rats, consistent with the

observed reduction of G;/Go inhibitory proteins. Such fimctional alterations of cAMP

producing system were reversed by insulin therapy (Abbracchio er al., 1991). Perhaps

similar mechanisms might be operating in this case also. A functional imbalance between
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G,-protein and G./G. protein mediated transduction 'mechanism with an increased

efliciency for G, activity, probably as a result of the loss of G./G. inhibitory function has

been found in the striatum, hepatocytes and adipocytes of diabetic animals (Abbracchio et

al., 1989; Hadjiconstantinou et al., 1988; Gawler et al., 1988). Diabetic old rats displayed

an up-regulation of adrenergic receptors in response to lowered NE, with no net change in

aflinity for the ligand. Also cAMP levels were unaltered in spite of the adrenergic up

regulation. or-adrenergic receptors remained in the high aflinity state with decreased

strength of binding just as in control. However, significant changes in B-adrenergic

receptors were noted. There was a decrease in function of total 13-adrenergic receptors

and B,-adrenergic receptors. This relative desensitisation of B-adrenergic receptors must

have prevented further enhancement of adenylate cyclase activity. Thus, it appears that

there is a lack of responsiveness in noradrenergic receptor system in old diabetic rats. An

impairment of adenylate cyclase activity or G-protein function cannot be ruled out.

Impairment of adenylate cyclase activity has been reported in the sciatic nerve of diabetic

rats (Shindo er al., 1993). Our results also show that there is only reversal of the number

of receptors by insulin therapy but not in the aflinity status. Thus, from our studies it is

clear that a differential regulation of adrenergic receptor function is occurring in diabetic

state as a fimction of age.

- These fimctional alterations in adrenergic receptor subtypes many lead to various

neuroendocrine disturbances. NE through the mediation of on-adrenergic and [3

adrenergic receptors could induce ACTH surges (Szafarezyk et al., 1987) in rats resulting

in excess corticosteroid production. An age-related increase of corticosteroids with age

has been reported (Slotkin er al., 1996). The enhancement of NE, observed as a function

of age could thus contribute to increase in glucocorticoids . This in turn, could influence

pancreatic endocrine function, for it has been reported that glucocorticoids up-regulate

an-adrenergic receptor expression and signalling in pancreatic B-cells (Hamarndzic et al.,

1995).

Systematic literature review has not revealed any reports on the alterations of total

adrenergic receptors in the brain stem in STZ-diabetics as a fimction of age. However,

Bitar & De'Douza (1990) have reported an increase in the density of B,-receptors in
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hypothalamus, thalamus and amydala in diabetic rats. Garn's (1990) has reported an

increase in NE accompanied by increase in or. and on; and a decrease in B-adrenergic

receptors in olfactory bulbs, cortex, hypothalamus, midbrain, cerebellum and pons, in

genetically obese diabetic mice as a function of age. The discrepancies in observations

could be due to the differences in the animal model chosen and the age groups studied.

Monoamines and their metabolites in whole pancreas

Very few laboratories have reported on the effect of diabetes on pancreatic

catecholamine concentration. Ostenson et al., (1993) have reported that in NIDDM rat

model, pancreatic contents of NE and EPI, were similar in diabetic and non diabetic rats.

In Chinese hamsters too, there was no significant increase in NE in the pancreatic islets in

diabetes (Feldman and Gerritsen, 1988)

We observed a differential regulation of NE content in the pancreas in diabetic

state. An age-related decrease in NE content was noted in the pancreas of control of rats.

NE content increased significantly in old diabetics, while it was unaltered in the young.

This shows that there is a reciprocal relationship in the NE metabolism occurring in the

brain and pancreas. Metyrapone treatment was successful in reversing the metabolic

derangement, perhaps by stimulating insulin release via increased ACTH, which we

discussed in context of brain monoamines.

DA content also showed a differential regulation in diabetic rats as a function of

age. In old rats, DA content decreased significantly compared to young. Young diabetic

rats had significant decrease in DA content, while DA content was unaltered in old

diabetics rats. Metyrapone was effective in reversing the changes. Here also reciprocal

relationship existed in the DA content in corpus striatum and pancreas of young rats. The

general failure of dopaminergic system as a function of age noted in the brain is also

reflected in the pancreas of old rats. No reports are available on the alterations of DA

content in the pancreas in the diabetic state as a fiinction of age. However, DA is reported

to reduce the glucose induced insulin secretion in mice (Lindstrom, et al., l983) and

golden hamsters (Zern et al., 1980). These studies and our study shows that DA has a
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role in regulating insulin secretion, though very often DA is implicated with altered

behaviour.

Serotonin content did not show any significant change in pancreas in all the

experimental groups studied.

Eecholamines in isolated pancreatic islets

Increased NE in the islets of control old and diabetic young and old rats could be

as a result of increased uptake and decreased degradation. Elevated levels of plasma

catecholamines in diabetes have been reported (Jackson et al., 1997). Most released NE,

is efficiently removed by neuronal and extraneuronal uptake (Eiscnhofer et al., 1992). NE

is metabolised by catechol-o-methyl transferase to normetanephrine (NMN)

extraneuronally (Eiscnhofer et al., 1995). Our results have shown an age related decrease

in NMN content in the whole pancreas of old and diabetic young rats. Perhaps an

impairment of catechol-o-methyl transferase during ageing and diabetes might be

occurring. Catechol-o-methyl transferase activity in the brain has been reported to

decrease with age (Stramentioli, 1977). Decrease in the. degradation of adrenal medullary

honnones as a function of age has been reported (Hruza, 1973). Beta-adrenergic

stimulation appears to increase catecholamine clearance (Cryer et al. , 1980). Ostenson et

_al., (1989) have found that the B-cells of STZ diabetic islets are more sensitive to (12

agonism than normal islets. The failure in the degradation system perhaps due to B

adrenergic receptor damage might be operating in the old as well as diabetic pancreatic

islets alike. Incidentally on;-adrenergic receptor stimulation inhibits insulin secretion

(Niddam et al., 1990; Lacey et al., 1993) and B-adrenergic stimulation (Lacey et al.,

1996) enhances insulin secretion. It also appears that the EPI in old diabetics is degraded

more slowly when compared to young diabetics implying an age related receptor damage

in the pancreas.

Besides, inhibiting insulin secretion NE and EPI may have a role in triggering a

regenerative response in the pancreas, especially in the young diabetics. A limited B-cell

regeneration has been observed in STZ-treated neonatal rats (Weir et al., 1981).
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Neurotransmitters like NE (Cruise et al., 1985) and 5-HT (Sudha & Paulose, 1998) have

been shown to enhance hepatocyte DNA synthesis. This could be a possible explanation

of the increased recovery trend observed in young STZ-diabetic rats.

Adrerggic Receptor function in isolated pancreatic islets of diabetic rats as a function

0! age

Pancreatic islets were isolated and the adrenergic receptors in the islets cell

suspension was studied as a frmction of age. Previous studies indicated that there was no

age-related differences in [31-l]norepinephrine binding to pancreatic islets isolated from

neonatal and adult rats (Gembal & Wojcikowski, I993). However, our results show that

there was significant differences in noradrenergic receptor binding parameters in young

and old rats and that a differential regulation occurred in diabetic state as a function of

age. The receptor data is concordant with the pancreatic content of NE. In old rats there

is receptor up-regulation in response to decrease in NE. The receptor analysis revealed

that there is enhancement of (12-adrenergic receptor function compared to young.

Lacombe et al., (1993) has reported that pancreatic islets of adult hamsters had higher

number of (12-adrenergic receptors with no change in aflinity towards the ligand compared

to young. There was also a desensitisation of total B-adrenergic and [31-adrenergic while,

oz.-adrenergic receptor function was not altered. Under these circumstances, we would

expect a reduction in cAMP. However, there was no significant change in cAMP content

as a function of age. This implies that there may be an impairment in the receptor-effector

coupling as a fiinction of age. The low NE content observed in young diabetics might also

be due to increased clearance rate compared to diabetic old rats. The adrenergic receptors

demonstrated an up-regulation with increased aflinity towards the ligand accompanied

with increase in cAMP levels. There was a fiinctional enhancement of Brand ou

adrenergic receptors accompanied by desensitisation of on;-adrenergic receptors. The B

adrenergic receptors generally increase cAMP levels by activating adenylate cyclase and

this results in potentiation of insulin release. ot.-receptors have been implicated in

triggering regenerative response in hepatocytes when stimulated by NE (Cruise et al.,
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1985). Therefore, during diabetic state in young rats. the increased noradrenergic activity

might trigger DNA synthesis and this may be the cause for observed recovery trend and B

cell regeneration in neonatal STZ-rats (Weir et al. , 1981). Neurotransmitters like 5-HT

has also been reported to trigger hepatocyte proliferation (Sudha & Paulose, 1998). In

diabetic old rats, the pancreatic islet, adrenergic receptors showed an up-regulation with

decrease in afinity for the ligand accompanied with decrease in cAMP content. There

was a functional decrease of on-receptors implying that the regenerative capacity is low

for diabetic old rats. The cAMP levels were lowered in spite of the down-regulation of

oz;-adrenergic system and enhancement of [31-adrenergic function. This means that in old

diabetic rats, there is a an impairment of receptor-efi‘ector coupling, or an impairment in

adenylate cyclase activity. No major alteration in the fimction of adenylate cyclase in the

pancreatic B-cells of diabetic rats have been reported. However, a defective glucose

induced cAMP generation, due to a block in the activation of adenylate cyclase has been

reported in diabetic state (Dachicourt, et al , 1996)., A decrease in the functional

responses of cAMP increasing agents like B-adrenergic agonists has been reported in

diabetic hearts and this change has been attributed to phosphorylation of cardiac

regulatory phosphoproteins including phospholamban (Gando, 1994).

Thus the progressive increase in the noradrenergic transmission from the brain

accompanied by enhancement of oi;-adrenergic and decrease in B-adrenergic function in

the pancreatic islets, could eventually lead to adult-onset diabetes mellitus. Also, other

neurotransmitters and their receptors could also play a role insulin function and cell

proliferation (Paulose et a1., 1998). A study of diiferential regulation of adrenergic

receptors at the molecular level in young and old pancreatic islets as well as in the brain of

diabetic rats, will enlighten the exact mechanisms involved. If we can modify the

fiinctional expression of the adrenergic receptors subtypes to trigger B—cell fimction, it will

be of clinical significance.

Glucose induced insulin secretion - In vitro studies

The effect of increasing glucose on insulin secretion and cAMP production within

the pancreatic islets was studied. There is a significant decrease in the amount of insulin
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secreted by the islets of the old rats compared to young at both low and high glucose

concentration. However, both young and old islets responded positively towards

increasing concentrations of glucose, by increasing the insulin secretion. Our results are

concordant with the findings of Bombara et al., (1995) and Castro et al., (l992). They

have reported an impaired glucose induced insulin release during ageing in Sprague

Dawley and Wistar rats. cAMP system was responsive to increasing glucose

concentration in both age groups of rats. However, during ageing there appears to be an

impairment in stimulus /coupling of cAMP accumulation. No reports in age-related

studies on cAMP accumulation on glucose induced insulin secretion is available. Perhaps

age-related adrenergic receptor alterations and/or G-protein function may play a

regulatory role.

We also studied the effect of DA on glucose induced insulin secretion as a frmction

of age in vitro. We found that DA had an inhibitory effect on glucose induced insulin

secretion from old pancreatic islets at high concentration of glucose, while in young rats,

the DA had a stimulatory effect. We found that the inhibitory effect of DA in old rats is

mediated via DA-D2 receptors. DA-D2 receptors are negatively linked to adenylate

cyclase (Susan, I994). This could result in decrease in cAMP and thus bring about

inhibition of insulin secretion. Though high concentrations of DA have been reported to

decrease glucose induced insulin secretion (Zem et al., 1980; Tabeuchi er al., 1990). No

reports on the effect of DA on insulin secretion as a function of age or the mechanism

involved is available. We conclude that DA exerts a diiferential influence on age-related

glucose induced secretion, and that it is partly linked to the adenylate cyclase-cAMP

system. Addition of forskolin an activator of cAMP resulted in overcoming the DA

induced inhibition in insulin secretion to certain extent. These findings along with our

results in the brain regions points that DA does have a role in the pathophysiology of

diabetes.

In our earlier discussion we have shown that corticosteroids may contribute

substantially towards pathogenesis of diabetes. We also conducted in vitro experiments to

see the effect of corticosteroids on insulin secretion. We found that at low concentrations

these honnones stimulated insulin release and at high concentrations inhibited insulin
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release in both young and old rats. We conclude that during diabetes there might be

corticosteroid excess, which also exerts an additional inhibitory influence along with

adrenal medullary hormones. Though the exact mechanism is not clear, it could be

because of the up-regulation of or;-adrenergic receptors and signalling in pancreatic islets

by corticosteroids (Hamamdzic et al. , 1995). Moreover, corticosteroids produces insulin

resistance in tissues in terms of peripheral glucose uptake (Brindley er al., 1996),

CONCLUSION

We conclude from our studies that the alterations in the monoamine metabolism

and adrenergie receptor function during ageing, could be a pre-disposing factor in the

development of adult-onset diabetes mellitus. Our in vitro studies show that there is

significant decrease in the amount of glucose induced insulin secretion by the islets of old

rats compared to young. Though CAMP system in pancreatic islets was responsive to

increasing glucose concentration, there appears to be an impairment in stimulus/coupling

of cAMP production with age. There was progressive increase in NE content with age in

different regions of the brain and this seems to be positively correlated to blood glucose

concentrations, implying its role in insulin fimction. The firnctional expression of the

diflerent adrenergic subtypes played a significant role in ageing and in the pathogenesis of

diabetes mellitus. Our results showed that there is increased neuronal transmission in the

brain stem of old compared to young. There was an enhancement of [3-adrenergic

receptor function in the brain stem of diabetic young rats, while there was a decrease in B

adrenergic function in the diabetic old rats. In pancreatic islets too there was enhancement

of total adrenergic fiinction during ageing. This was accompanied by decrease of B

adrenergic receptor fimction and enhancement of a2-adrenergic fimction. These

conditions have an inhibitory influence on pancreatic insulin secretion. In dhbetigfratsf

pancreatic islets demonstrated an enhancement of Brand on-adrenergic receptor firnction,

while in the old, there was a fimctional decrease in on-receptors accompanied by

impairment of adrenergic receptor-cAMP system coupling. Thus, we see that there is

diiferential regulation of adrenergic receptor fimction in diabetes as a fimction of age.
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Adrenal hormones do have a role to play in the pathophysiology of diabetes. This was

confirmed by blocking corticosteroid biosynthesis and adrenalectomy in diabetic rats.

Both these manipulations resulted in reversal of alterations in monoamine content and

hyperglycaemia during diabetes. In vitro experiments continued that at low

concentrations of corticosteriods there was stimulated insulin secretion, while at high

concentrations, insulin release was inhibited. Manipulation of the adrenal hormonal

function by modifying the expression of adrenergic receptors at the molecular level may

have far reaching clinical significance in the control and cure of diabetes mellitus.
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SUMMARY

l) Streptozotocin diabetic rats of three age groups-young, adult and old were used as

an in vivo model to study the effect of ageing on monoamines and adrenergic receptors.

2) Monoamines, adrenergic receptor function and second messenger cAMP were

studied in brain stem and pancreatic islets as a fimction of age in diabetes.

3) Significant dilferences in the regulation of brain and pancreatic monoamines were

noted in diabetes as a fimction of age. Monoamine changes in brain and pancreas were

contributory towards the decrease in insulin function during ageing.

4) The role of adrenal hormones in diabetes mellitus was studied in vivo with

emphasis on brain and pancreatic monoamines, blood glucose parameters. Our findings

show that adrenal hormones do play a role in bringing about monoamine alterations in

brain and pancreas as well as hyperglycaemia during diabetes mellitus.

5) There was increased noradrenergic function in the brain stem and pancreatic islets

of the old compared to the young accompanied by an enhanced or;-adrenergic fimction and

a decrease in B-adrenergic function in the islets. These conditions could be a pre

disposing factor towards the development of diabetes mellitus.

6) There was differential regulation of adrenergic receptor fimction in the brain stem

and pancreatic islets of young and old diabetic rats. The brain stem of young diabetic rats

showed enhancement of B-adrenergic function while the old showed a decrease. In the

pancreatic islets of young diabetic rats there was an enhancement of Brand (1.-adrenergic

receptor fimction while in the old there was a functional decrease in the on-adrenergic

receptor.
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7) cAMP determination has revealed that there is an activation of adenylate cyclase in

the brain stem of old rats indicating an increased neuronal activity or fimctional alteration

of G-protein. cAMP content was higher in the brain stem of young diabetic rats, while it

was unaltered in the old. In pancreatic islets of old rats, an impainnent of receptor

efl‘ector coupling was noted. In diabetic state, cAMP content increased in the young

whereas there was a decrease in the old, implying an impairment of adenylate cyclase

activity in islets of diabetic old rats.

8) Isolated pancreatic islets were used as the in vitro system to study glucose induced

insulin secretion, cAMP synthesis and the involvement of dopamine and corticosteroids in

glucose-insulin secretion as a fimction of age.

9) Significant decrease in glucose induced insulin secretion was observed as a

function of age, accompanied by impainnent of stimulus/cAMP generation coupling.

Corticosteroids at low concentrations, stimulated insulin secretion, while at high

concentrations, it inhibited insulin secretion. DA exerted opposite effects on young and

old pancreatic islets. In old rats, DA inhibited insulin secretion while in the young it

stimulated insulin secretion. Also, the inhibitory action of DA in old rats is mediated via

DA-D2 receptors which are negatively coupled to adenylate cyclase. Forskolin,which is an

inhibitor of Gi protein was effective in overcoming this inhibitory effect of DA.
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