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Islet Cell Function in Gold Thioglucose-Induced Obesity in Mice
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Summary. Blood insulin, biood glucose and the biosynthesis
and release of insulin have been studied in mice made obese
with a single injection of gold thioglucose. In such mice,
blood glucose levels were normal, though serum insulin rose
in parallel with the development of obesity. When compared
with controls, insulin secretion and synthesis were increased
in isolated islets of Langerhans from obese mice, over a wide
range of glucose concentrations. However, in obese animals,
insulin biosynthesis was augmented above control levels at
2 mmol/1 glucose, whilst the increase in insulin secretion ac-
companying obesity only became evident at glucose concen-

trations > 5 mmol/l. After 2 min incubation, cyclic AMP rose
more in islets from obese mice than in controls, though cyclic
AMP levels did not significantly differ in either group after
10 min incubation with glucose. Glucose oxidation was also
increased m islets of Langerhans from obese mice. It seems
possible that changes in glucose oxidation, as well as in cyclic
AMP levels, contribute to the alteration in the B cell response
in this type of obesity.

Key words: Pancreas, mice, gold thioglucose, islet metabolism,
insulin synthesis and release.

Most available animal models of obesity are deficient in
some aspects when compared with human obesity. The
genetic forms of obesity (e.g. ob/ob and db/db mice)
show alterations in peripheral metabolism [1] or in insu-
lin secretion [2] which antedate the obesity, whilst ani-
mals with obesity caused by surgical or electrolytic le-
sions of the hypothalamus exhibit an early rise in serum
insulin.

Gold thioglucose (l-aurothioglucose) is known to
cause both an hypothalamic infarct and obesity in mice
[3]. It is presumed to raise serum insulin [4], though en-
docrine aspects of this syndrome have not been de-
scribed in detail. Gold thioglucose itself cduses tran-
sient increases in insulin secretion from isolated islets of
Langerhans but appears to have no permanent effect [5].
The syndrome of obesity caused by this drug is a good
one in which to study the long-term control of insulin
secretion and synthesis in animals which were normal
before a single injection of this compound. Moreover,
to date, there have been only sporadic investigations on
the secretory activity of islets from mice with this form
of obesity [6].
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Several mechanisms have been suggested to explain
long-term alterations in the control of insulin secretion
and synthesis. In pregnancy and starvation, changes in
islet cyclic AMP levels seem to play a role. In pregnan-
cy, with increased insulin secretion and synthesis, both
cyclic AMP levels and adenylate cyclase activity are in-
creased [7-9], whilst in starvation (where there is a re-
duced insulin response to a glucose challenge) the re-
verse is found [10-12].

There is also the possibility that changes in glucose
metabolism and oxidation within the B cells of islets
may be important in initiating the changes in insulin se-
cretion and synthesis [13]. In addition, therefore, cyclic
AMP accumulation and rates of glucose oxidation have
been measured in islets from mice made obese with
gold thioglucose treatment.

Materials and Methods

All mice used were of the inbred CBA/Té6 strain provided by the
Blackburn Animal House, Department of Immunology, University of
Sydney, NSW, Australia, and were fed Rat and Mouse Kubes pro-
vided by Allied Feeds, Rhodes, NSW, Australia. The composition of
this food was as follows:~ crude protein (minimum) 23.0%, crude fat
5.0%, crude fibre (maximum) 6.0%, carbohydrate 65%, salt 0.8% with
no urea or fluoride added. I and L{4,5 *H] leucine and D-(U-%C)
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glucose were supplied by the Radiochemical Centre, Amersham, UK,
and '] succinyl cyclic AMP was supplied by the New England Nu-
clear Corporation, Boston, Mass, USA.

Mice were injected IP with a single injection of gold thioglucose
(0.35 mg/g body weight) and allowed food and water ad libitum; a
further gold thioglucose-injected group were allowed, each day, only
the amount of food eaten by pair fed saline-injected controls.

Glucose was assayed by the glucose oxidase method of Berge-
meyer and Bernt [14] using '2 azino di (3 ethyl benzthiazoline)-6-sul-
phonate. Insulin was measured by radioimmunoassay using a dou-
ble antibody method.

Islets were isolated from fed mice by the collagenase digestion
technique of Howell and Taylor [15] and incubated in a buffered bi-
carbonate medium.

Five islets of Langerhans were incubated in 1.0 ml buffered bi-
carbonate medium containing 0.1% bovine serum albumin and vary-
ing concentrations of glucose. The islets were incubated for 1 h at
37°C. At the end of this time, the incubation vial was centrifuged at
1,500 x g for 2 min and the medium removed for insulin assay. The
islets were then sonicated in 50 ul 0.01 mol/1 HCI at 25 watts for 12 s
with a Branson Sonifier Model B-15P. This sonicate was then centri-
fuged at 3,000 x g for 5 min and was assayed for insulin content.

Insulin synthesis was estimated in 15 islets of Langerhans incubat-
ed for 1 h in 200 ul buffered bicarbonate medium containing 0.1 mCi
L[4,5 *H] leucine and varying concentrations of glucose (2-20 mol/1).
Radioactive insulin was purified by the method of Berne [16]. The vi-
als were counted in an Isocap Liquid Scintillation Counter for 10 min
(or minimum of 5,000 counts). The results are expressed as radioactiv-
ity incorporated into insulin. No attempt was made in these experi-
ments to differentiate between radioactivity incorporated into insulin
or into proinsulin.

For the determination of cyclic AMP content of islets of Langer-
hans ten islets of approximately equal size were pre-incubated for
15 min at 37°C in a buffered bicarbonate medium, containing
5 mmol/1 glucose. The vials were then centrifuged, the medium re-
moved and 15 ul of fresh medium added. This fresh medium con-
tained varying concentrations of glucose, ranging from 2-20 mmol/I.
After 2 or 10 min incubation at 37°C, the incubation reactions were
stopped by the addition of 35 ul of ice-cold 0.1 mol/1 HCI. The islets
were then sonicated and the sonicate was centrifuged as before. Ali-
quots of the supernatant were takento measure cyclic AMP and insu-
lin.

Cyclic AMP was measured by radioimmunoassay, using the meth-
od described by Steiner et al. [17].

Glucose oxidation in the islets was measured by a modification of
a method described by Campbell and Taylor [18}. Fifteen islets of
Langerhans in suitable small volumes of buffered bicarbonate medi-
um containing either 0.05 pmol or 0.2 umol D-(U-"“C) glucose (5 or
20 mmol/1 concentration) were incubated in a small centrifuge tube
for 90 min at 37°C. The islets remaining in the incubation medium
were sonicated as before and the total insulin in the sonicate meas-
ured.

Islet Insulin: DNA Ratio

The method used for the measurement of DNA in islets was that of
Hinegardner [19] as described by Green and Taylor [20]. The reagent
used was 3,5 diaminobenzoic acid dihydrochloride (0.45 g/ml water).
Standard quantities of DNA (5-2500 ng) were prepared using calf
thymus DNA in water (1 mg/ml). Total DNA was measured in
5-25 islets. At the same time, the total insulin in five islets was meas-
ured using the methods described earlier. The insulin: DNA ratio
could then be calculated.

Experimental Design

Three fed groups of mice of the same age were used for these experi-
ments. These were: (1) a saline-injected control group, (2) a gold thio-
glucose-injected group which were not permitted to become obese
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(this was achieved by feeding this group of mice only the amount of
chow which a pair fed group of saline injected mice had eaten) and (3)
a gold thioglucose-injected group which became obese. Comparisons
were made between two or more of these groups.

Expression of Values in Relation to Islet Metabolism

It is well known that the islets of Langerhans in obesity in mice are
considerably larger than those of control animals, and that they con-
tain more insulin [21]. This is probably due to increased numbers of
B cells, as in pregnancy [20]. However, in our experiments the insulin:
DNA ratio did not change in gold thioglucose obese animals when
compared with that in normal animals. The ratio derived from five
obese animals was 0.071 + 0.020 and was 0.069 £ 0.007 for six sa-
line-injected control animals (mean = SEM). To avoid the problem
of differing islet size and cellularity, results on islets have been calcu-
lated in terms of insulin content.

Results

When injected intraperitoneally with a single dose of
gold thioglucose, CBA/T6 mice became obese within
6 weeks. Mortality among these mice was 12.5%. Obese
animals are defined as those which had a body weight
30% above that of controls by 6 weeks after gold thio-
glucose injection. The hyperphagia induced by the in-
jection of gold thioglucose was maintained after the in-
itial rapid weight gain had ceased. (At week 6 after in-
jection, control mice ate 3.8 = 0.1 g/day, and animals
injected with 0.3 mg gold thioglucose ate 4.9 + 04 g/
day.)

In this strain of mice, there was no difference in
blood glucose levels between the gold thioglucose-treat-
ed group and the saline control group {Table 1). On the
other hand, though there was some variation serum in-
sulin levels were generally elevated in the gold thioglu-
cose-treated group. This is particularly the case at
6 weeks treatment. In this and subsequent tables each
observation represents results obtained from a single
animal.

There was no difference in glucose-stimulated insu-
lin secretion from islets isolated from saline-injected
control mice, or mice injected with gold thioglucose and
not permitted to become obese (Table 2). These mice
were of the same age and weight and were pair fed.
There appeared, therefore, to be no effect of a single
dose of gold thioglucose on insulin secretion.

Table 2 shows rates of insulin secretion from isolat-
ed islets of obese and control mice. There was no differ-
ence in the basal secretion of insulin (i.e. that induced
by glucose concentrations of 5 mmol/] or less). How-
ever, there was a marked increase in secretion at glucose
concentrations above basal.

The rate of insulin synthesis in isolated islets of
Langerhans from the three groups of CBA/T6 mice is
shown in Table 3. Islets from obese mice exhibited
greatly increased levels of insulin synthesis when com-
pared with both sets of controls. The increase in insulin
synthesis in obese islets approximately parallels the in-
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Table 1. Blood glucose and serum insulin levels in mice injected with gold thioglucose (0.35 mg/g) at weeks 1-6 during the phase of weight gain

Control - Gold thioglucose treated

Time Weight Glucose Insulin Weight Glucose Insulin

(weeks) (g) (mmol/1) (mU/1) (g) (mmol/1) (mU/D)

0 26.1+ 0.5 (35) 56+04(7) - 25.5+03 (31) - -

1 26.0 £ 0.4 (29) 6.0+ 03(5) 31.7 +2.7 (4) 26.6 + 0.4 (30) 54+ 04(7) 398+ 8.8(5)
2 26.1+ 0.4 (25) 5.2+ 0.4(7) - 313 +0.7 25y 6.1+ 03 () -

3 27.0 + 0.4 (21) 46+04(7) 16.7 + 1.6 (4) 344+ 08 1) 46+02(8) 96.2 + 14.3 (4F
4 27.6 + 0.6 (17) - 17.6 + 1.8 (4) 345+ 0.8 (15) - 435+ 024y
5 27.6 £ 0.4 (13) - - 37.0 + 1.3 (11)F - -

6 27.8 04 (9) 6.3 £0.6(5) 217 +£2.5(9) 37.0 £ 1.6 (7F 6.5+ 0.9 (6) 158.0 + 63.0 (7)°

All results shown as mean + SEM with number of observations in parentheses. For comparison with controls: ? p < 0.05, °p < 0.02,°p < 0.01,

using Student’s t-test

Table 2. Insulin secretion from islets of Langerhans isolated from
obese and control groups of mice

Table 4. Cyclic AMP accumulation in isolated islets of Langerhans
from control and obese mice after 2 min and 10 min of incubation

Insulin secretion (LU insulin secreted. pg islet
insulin™ - min!)

Glucose Saline control Gold Gold
concen- thioglucose thioglucose
tration non-obese obese
(mmol/1) control
0 58+0.6(22) - 7.1 £ 1.2(16)
2 8.0+ 0.6 (21) 6.8 £ 1.4(5) 6.3 +1.2(10)
5 8.1+£0.6024) 8.7 £ 0.7 (6) 7.9 +£0.7 (12)
10 102+0623) 126+16(7)° 23.0%+3.1(128
15 138+07(25 164+1.1(5° 275424130
20 153+09021) 181%£13(7)® 339+3.9(13)¢

All results expressed as mean & SEM with number of observations in
parentheses. For obese mice compared with saline-injected control
mice: *p < 0.001; for obese mice compared with gold thioglucose
non-obese controls P p < 0.01, using Student’s t-test

Table 3. Insulin biosynthesis in isolated islets of Langerhans from
obese and control mice

Incubation  Glucose Cyclic AMP content (fmol/ng insulin)
time concen-
tration Control Obese
{mmol/1)
2 min 5 0.20 + 0.05 (15) 0.60 £ 0.07 (9y
10 0.30+0.04 (9) 0.51£0.06 (9
20 0.39 + 0.06 (18) 0.75 £0.14 (6)F
10 min 0 0.26 + 0.06 (10) 0.39 £ 0.06 (11)
S 0.31 £0.07 (14) 0.34 +0.03 (12)
7.5 0.38 £0.05 (9) 0.46 £ 0.04 (7)
10 0.44 + 0.07 (18) 0.43£0.02(17)
20 0.49 + 0.06 (16) 0.62 + 0.08 (14)

Values given are mean = SEM with number of observations in paren-
theses. For values compared with control mice:
ap < 0.001; °p<0.01; °p < 0.5, using Student’s t-test

Table 5. Glucose oxidation in isolated islets of Langerhans from con-
trol and obese mice

Insulin biosynthesis (dpm incorporated - ng
insulin™'-h~%)

Glucose Saline control Gold Gold
concen- thioglucose thioglucose
tration non-obese obese
(mmol/1) control
2 15+02 8 - 10.1 £2.7 (8)°
5 53+09(13) 6.2+1.2010) 9.7+ 1.3 (13)¢
10 7.5+18 (8) - 214+ 47 (8
15 9.0+13(10) - 265419 (7
20 101+10011) 129+12 (9) 29.1x26(13)7

All results given as mean = SEM with number of observations in par-
entheses. For values compared with saline injected control mice:
ap < 0.001; Pp<001t; °p < 0.02 using Student’s t-test

crease in insulin secretion at higher glucose levels.
However, at 2 and 5 mmol/1 glucose, obese mice exhibit
marked increases in the rate of insulin synthesis in com-
parison with saline-injected controls.

The cyclic AMP levels in islets isolated from control
and obese mice are shown in Table 4. After 10 min incu-
bation there was a rise in cyclic AMP levels with

Glucose Glucose oxidation (pmol - ng insulin~" - 90 min~")
concen- : -
tration Saline control Gold_ tl‘_uoglu- Gold
_(mmol/1) cose injected thioglucose
non-obese obese
control
5 34+ 057 6.4+ 0.5 (4) 255+ 1.6(70
20 212 +£3.8(9) 244+ 4.2(5 99.2 + 14.4 (8)

Values given are mean = SEM with number of observations in paren-
theses. For values compared with controls: 2 p < 0.001, using Stu-
dent’s t-test

increasing glucose concentration in both obese and
control animals, which was similar in magnitude. How-
ever, after only 2 min of incubation, islets from obese
mice showed a greater rise in islet cyclic AMP content
than the control islets incubated at various glucose con-
centrations.

When glucose oxidation in isolated islets of Langer-
hans was measured, there was a greatly increased rate
of oxidation at glucose concentrations of both 5 and
20 mmol/1 in islets from obese mice (Table 5).
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Discussion

It is generally accepted that mice made obese with gold
thioglucose do not become diabetic, though under con-
ditions of stress some may do so [22-24]. These
CBA/T6 mice have normal blood glucose levels and are
not diabetic (Table 1).

Serum insulin levels in gold thioglucose obesity
have been reported to be elevated [22, 24] though Ma-
laisse et al. [6], in a paper demonstrating increased insu-
lin secretion from pancreatic slices, reported normal
serum insulin levels in this syndrome. In the current
study, serum insulin levels rose as the animals became
obese. This may be due to the hyperphagia and in-
creased caloric intake, to the obesity itself or to altera-
tions in peripheral metabolism induced by obesity.

In earlier experiments gold thioglucose has been
shown to have a transient potentiating effect on insulin
secretion due to glucose [5]. However, in the experi-
ments reported here, there is no evidence for long-term
changes affecting the insulin secretory responses of is-
lets and it may be assumed that this is a valid model] for
studying obesity. Furthermore, islets from gold thioglu-
cose-treated mice, not permitted to become obese, had
normal insulin secretion and synthesis patterns. Clearly
gold thioglucose, in the absence of obesity, does not
permanently affect islet function.

Insulin secretion from the isolated islets of control
mice shows the expected increase with increasing glu-
cose concentration. It is interesting to note that the in-
creased secretion from islets of obese animals only be-
came evident at glucose concentrations above
5 mmol/l. These observations are consistent with the
elevated serum levels of insulin found in obesity and the
increased insulin secretion found both with pancreatic
slices and isolated islets from obese mice. In compari-
son with controls, islets isolated from obese mice
showed an increased incorporation of [°H]-leucine into
insulin at all glucose concentrations including basal lev-
els (2 and 5 mmol/1). This indicates an increase in insu-
lin synthesis in obesity. Moreover, insulin synthesis was
increased at basal glucose levels while insulin secretion
was not.

After 2 min incubation, islets from obese mice
showed a rise in cyclic AMP content, though this had
disappeared at 10 min. There is considerable evidence
that changes in the cyclic AMP content of islets, as well
as changes in glucose oxidation, are associated with al-
tered secretory or biosynthetic function [25]. This is well
shown in islets from pregnant rats where both glucose
oxidation rates and cyclic AMP content are increased
[9, 20, 26]. It is generally supposed that rates of glucose
oxidation are intimately concerned with the rates of in-
sulin secretion, with alterations in the ratio NAD(P):
NAD(P)H being perhaps especially significant. How
such ratios may be affected in the long term remains
open to speculation.

The role of cyclic AMP in relation to biosynthesis
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and release also remains controversial. However, it
seems at least likely that increases in islet cyclic AMP
may potentiate the effects of glucose [8]. Even though
there are transient changes in cyclic AMP content in is-
lets of obese mice, these might still be important in in-
itiating changes in insulin secretion and biosynthesis.

In addition, calcium ionic fluxes have not been
measured in these experiments. We cannot exlude the
possibility that changes in calcium transport (by, for ex-
ample, influencing cyclic AMP) might play a role in
changing islet metabolism in this type of obesity. It may
well be that the increase in glucose oxidation rates as
well as changes in islet cyclic AMP can together under-
lie the important alterations of islet function already
noted. Perhaps no single metabolic factor is involved in
producing such changes.

Alternatively, enterohormones [27] may affect islet
sensitivity to glucose, particularly through the availabil-
ity of extra carbohydrate in the gastrointestinal tract. In-
creased release of such hormones could well modify is-
let metabolism. Whatever the mechanism, it is clear that
this form of obesity produces major long term adjust-
ments in islet function, without in this instance leading
to diabetes.
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