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ANAKOINQZIZ MH MEAOYZ

Q®APMAKOAOI'TA.— Experiments on the action of Adipose Tissue
Extracts (ATE) on Blood Glucose Concentration*, by ffarry

N. Anfoniades**.” Avexowvadyty o tod "Axadnuaixot . I'. "Toaxelioylov.

Farlier studies suggested that insulin in the blood of diabetic
patients of the maturity-onset type circulates primarily as a high mo-
lecular weight inactive metabolite, which was called bound insulin (1 - 3).
It was suggested that in thesse patients diabetes may result not only
from a lack of endogenous insulin but also from a malfunction of the
mechanisms regulating insulin activity (2 -3). Such a malfunction may
cause increased transformation of pancreatic active, free insulin into
the inactive bound from by the liver and possibly other extrapancreatic
tissues of these patients and a decrease in the rate of activation and
utilization of their circulating bound insulin (2 ~4). The observation
that adipose tissue extracts (ATE) can trigger in vitro the activation
of bound insulin, in the presence of isolated muscle (5 - 6), suggested
the possibility that ATE could also tripger in vivo the activation of
circulating bound insulin. Such an in vivo activation of bound insulin
by ATE could lead to an increased glucose utilization and therefore a
decline in the blood glucose concentrations. Recent studies have shown

# X. N. ANTONJAAH, Ilepapotinai €pevvar mepl tijc évepyelag éxyvAopiTwy
Amwdovg ictod (ATE) émi tiig munvétntog YAunélng eig to aipa.
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that ATE administration can indeed produce hypoglycemia in vivo in
adrenalectomized rats (7).

The present studies demonstrate that ATE can produce a significant
decline in the blood glucose concentrations of intact, spontaneously
diabetic mice of the KK strain. The KK mice are considered to represent
an inbred strain of diabetic animals with features characterizing human
diabetes mellitus of the maturity-onset type (8 - 10). Both short-term
and long-term studies with ATE in these animals are reported. Data are
also presented on the hypoglycemic effects of homologous rat and heter-
ologous bovine ATE in adrenalectomized rats following intraperitoneal
or intravenous administration. Other studies describe the effect of ATE
on circulating free and bound insulin in the blood of adrenalectomized
rats and the distribution of glucose carbon into the glycogen and fat of

various tissues of these animals following A'TE administration.

MATERIAI, AND METHODS

Preparation of partially purified adipose tissue extracts: rat ATE. Rat
epididymal adipose tissue pads were homogenized in cold distilled water
(about 2 ml of H,O per g tissue) in a teflon grinder. The mixture was
filtered through a gauze and a nylon cloth. Cold ethanol was added to
the filtrate to a final concentration of 60°/, 'The mixture was placed
at 2°C. The supernatant fluid was diluted with distilled water to an
ethanol concentration below 8°/, and was lyophilized. The dry powder
was collected, dissolved in H,O (about 20 mg dry powder per ml H,0) and
heated at 100’ C for 5 minutes. The mixture was cooled and centrifuged
(3,000 r.p.m.) at room temperature. The supernatant fluid was ultra-
filtered through an Amicon UM-2 filter which is reported to allow the
passage of substances with a molecular weight below 1,000, and the fil-
trate was lyophilized. One mg of the final preparation represented
30-40 g of epididymal adipose tissue.

Bovine ATE. Bovine mesenteric or perirenal adipose tissue was
homogenized at room temperature with 60°/, ethanol ina Waring blender.
Two to three ml of ethanol solution were used per g wet tissue. The
homogenate was filtered through a nylon cloth and the mixture was
placed at 2°- 5'C overnight under continuous stirring. The mixture was
then centrifuged at 2°-5"C. I'wo volumes of acetone were added per
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volume of supernatant fluid and the mixture was placed for 72 to g6 hours
at —5°C. The clear supernatant fluid was siphoned off at —5°C with care
not to disturb the fine precipitate collected in the bottom of the contain-
er. The final mixture was centrifuged at —5°C, and the precipitate was
lyophilized. The dry powder was dissolved in a small volume of cold
distilled water (about 20 mg dry powder per ml H,0) and heated at 100’ C
for 5 minutes. The mixture was cooled and centrifuged at room temper-
ature. The precipitate was discarded. Portions of the supernatant fluid
were placed in individual vials and the content was lyophilized FEach
vial contained 10 to 15 mg of dry powder, representing about 300 to 450¢g
of wet tissue. Batches of 1 kg to 400 kg of bovine mesenteric fat were
processed with the above technique.

The rat and bovine ATE preparations were devoid of insulin as
measured by the double antibody radioimmunoassay technique of Morgan
and Lazarow (12) as modified by Soeldner (13) (less than 5 microunits
per mg ATE), and they did not exhibit biologic activity on isolated rat
hemidiaphragm (less than 10 microunits per mg ATE).

Diabetic KK mice, fed ad libitum on Purina chow or fasted for 4
hours, were injected intraperitoneally with 1 ml of o.15 M NaCl with or
without ATE. Blood samples (0.05 ml in o.9g5ml o.15 M NaCl) were
collected at various intervals during a 4-hour period and their blood
glucose concentrations were determined by a Technicon Autoanalyzer.

Short - term studies in KK mice were carried out both in our labora-
tories and at the Smith, Kline and French (SKF) Research Laboratories.
The KK mice were supplied to us through the courtesy of Dr. James H.
Birnie of SKF. The initial blood glucose levels of these animals were
between go to 100 mg°/,. The study at the SKF Research Laboratories
was conducted with an identical ATE preparation supplied by our labo-
ratory. The initial blood glucose levels of the KK mice used at the SKF
Laboratories were between 102 to 221 mg °/,.

Long - term studies in KK mice were carried out for a period of 15
days. Eight animals were treated with ATE and six animals with
control saline. All animals were fed ad libitum on Purina chow during
the experiment. Blood samples were collected daily in the morning before
injection and at 4, 24 and in some cases 30 hours after injection. Blood
glucose concentrations were determined by a Technicon Autoanalyzer.
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Charles River Laboratory male adrenalectomized rats, weighing
between 120- 130 g, were injected a week after adrenalectomy. Each rat
received intraperitoneally, or intravenously into the jugular vein 1 ml
of o.15 M NaCl with or without ATE. The food was removed from
the cages of these animals before injection. During intravenous or
intraperitoneal injection, the rats were narcotized lightly with 50,
0,:50°/, CO,. Blood samples (0.1 ml in 0.9 ml physiological saline) were
collected from the tail of the animals before the ATE administration
and at various intervals after the administration. Blood glucose concen-
trations were determined by a T'echnicon Autoanalyzer. Special care
was taken in each experiment to select animals with body weight
within + 2 ¢ and with initial blood glucose levels varying no more
than + 5%,.

In other studies, glucose-U-C' (2 uC per rat) with and without
bovine ATE (4 mg/rat) was injected intraperitoneally into adrenalecto-
mized rats (6 animals in each group). T'wo hours after injection the rats
were narcotized lightly with 50, O,:50"/, CO,, and the two hemidi-
aphragms, the two epididymal adipose tissue pads and liver pieces remov-
ed from the animals, weighed and processed for the extraction of gly-
cogen or fat (14-15). The radioactivity in the glycogen precipitate of
the muscle, liver and adipose tissue and the fat of adipose tissue was
counted and expressed as CPM per g wet tissue.

Blood samples were collected from adrenalectomized rats three
hours after intraperitoneal injection of bovine ATE (4 mg/rat) or control
saline. The blood was allowed to clot and the serum separated by centri-
fugation. Duplicate serum samples (0.2 ml) were immunoassayed for
free insulin. The remaining serum samples were pooled and their bound
insulin was extracted by resin adsorption and elution as described
elsewhere (11). The bound insulin preparations thus obtained were then
lyophilized, dialyzed against Gey and Gey bicarbonate buffer and
assayed for insulin activity in vivo, in intact fed rats by the intraperi-
toneal assay (14-15). Pooled sera obtained from KK mice four hours
after the administration of bovine ATE (4 mg/mouse) or control saline
were immunoassayed for free insulin. A portion of the whole sera of
these animals was also assayed for insulin activity in vivo by the intra-
peritoneal assay.
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Adrenalectomized rats. The effects of partially purified homologous

rat epididymal ATE and heterologous bovine perirenal ATE in adrenal-

ectomized rats are shown in Figure 1. Hypoglycemia in these animals
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Fig. 1.— Effects of partially purified rat epididymal and bovine perirenal

ATE on the blood glucose concentrations of adrenalectomized rats. Fach

animal was injected intravenously with 1 ml of o.15 M NaCl with and

without ATE. Values represent means + SEM. (Initial blood glucose

concentration : 83.6. + 4.5 mg 9/,).

was produced following intravenous or intraperitoneal administration

(Figure 2).

Spontancously diabetic KK mice. Short-term studies: The effect of a

single administration of ATE in fasted (4 - hour) or fed diabetic KK mice

ITAA 1968
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is shown in Figures 3 and 4. Administration of partially purified bovine
mesenteric ATE produced a significant decline in the blood glucose

concentrations of these animals compared with mice injected with control
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Fig. 2.— Effect of partially purified bovine mesenteric ATE on the blood

glucose concentrations of adrenalectomized rats following intravenous

or intraperitoneal administration. (Initial blood glucose concentration :
86.4 + 3.7 mg °/,).

saline solution. The data with ATE in fasted KK mice were obtained
independently in our laboratory (Fig. 1, Exp. I) and at the SKF Research
Laboratories (Fig. 1, Exp. II). The results of these two sets of exper-
iments are similar. In both fed and fasted animals the blood glucose
concentrations dectined progressively with time following ATE adminis-
tration. A mild decline was also observed in the blood glucose concen-
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trations of fasted animals injected with control saline. T'his may be due
to the 4-hour fasting of the KK mice before injection. The blood
glucose concentrations of fed animals injected with control saline
remained unaffected (Figures 4 and 3).

Long-term studies in KK mice are presented in Fiqure 5. ATE
administration produced a prolonged effect in the blood glucose concen-
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Fig. 4.— Effect of partially purified bovine mesenteric ATE on the blood
glucose concentrations of fed, intact, spontaneously diabetic mice of the
KK strain. (Initial blood glucose concentration : 128 + 5.6 mg 9/,).

trations of these animals lasting 24 hours. Blood samples obtained 30 hours
after ATE administration (174 and 270 - hour samples) exhibited signif-
icantly lower blood glucose concentrations than the control animals.
Forty - eight hours -after the AT'E injection the blood glucose returned
to the preinjection levels. ‘I'he blood glucose concentrations of animals
injected with control saline were not affected (Figure 5).
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As shown in Table I, injection of ATE in adrenalectomized rats
stimulated an increase in the rate of incorporation of glucose carbon
into the liver glycogen and into the epididymal adipose tissue glycogen
and fat of adrenalectomized rats. These effects of ATE are similar
to those produced with the administration of bound or crystalline insulin
in these animals (16). The increase in the incorporation of glucose
carbon into the muscle glycogen following A'TE administration was not
statistically significant.

Insulin immunoassay of blood samples obtained from the adrenal-
ectomized rats two, three and four hours after ATE administration, did
not show a significant change in immunoreactive insulin as compared
with the levels of immunoreactive insulin of animals injected with con-
trol saline solution. Immunoreactive serum insulin levels in both groups
of animals were below 10 microunits per ml. However, the bound insulin
activity in the blood sera of adrenalectomized rats injected with ATE
declined significantly three hours after the injection compared with the
activity of bound insulin in the sera of animals injected with control
saline (T'able II). Similarly, the insulin activity in blood sera obtained
from KK mice four hours after ATE administration diminished signifi-
cantly compared to insulin activity in the sera of animals injected with
control saline (Table II). The immunoreactive free insulin levels of
pooled sera from KK mice injected with control saline were 33 micro-
units per ml and that of animals injected with ATE 24 microunits per
milliliter.

DISCUSSION

The present studies confirm and extend our earlier finding that
ATE can produce hypoglycemia in adrenalectomized rats (7). Hypoglyc-
emia in these animals was produced with both homologous rat and
heterologous bovine mesenteric or perirenal ATE following intravenous
or intraperitoneal administration. Of interest is the effect of ATE in the
KK mice. These animals are considered to be diabetic with characteris-
tics similar to those of human diabetes of the maturity-onset type. They
have elevated glucose tolerance curves and higher than normal pancre-
atic (9) and blood serum insulin content (17). Birnie et al. (17) reported
that the immunoreactive insulin levels of fed KK mice were 111 pnU/ml
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vs 35 uU/ml for HaM/ICR controls, and those of fasted (18 hr) KK mice
41 wU/ml vs 14 uU/ml for the controls. Intraperitoneal injections of
ATE in KK mice both in our laboratories and at the Smith, Kline and
French Research Laboratories produced similar results (Figure 3). The
effect of ATE in these animals lasted 24 to 30 hours as shown by the
long-term studies presented in Figure 5. These data provide conclusive
evidence that at least in this type of inbred diabetic animal ATE is
effective, producing a significant and prolonged decline in the blood
glucose concentrations.

ATE preparations exhibiting in vivo activity have been obtained
from rat epididymal and from bovine mesenteric and perirenal adipose
tissue. Bovine or rat liver and kidney extracts obtained with techniques
identical to those used for the preparation of ATE did not affect the
blood glucose concentrations of adrenalectomized rats. Lenti et al (18),
who confirmed our studies with ATE in adrenalectomized rats, also
reported no effect of liver and kidney extracts in these animals.

In vitro studies have shown that AT'E can activate bound insulin
in the presence of isolated hemidiaphragm (5-6). It was suggested at
that time that ATE may trigger tissue factors which in turn catalyze
the activation and utilization of bound insulin (5). These in vitro obser-
vations led to the present studies on the in vivo effect of AT'E in the
adrenalectomized rats and the intact diabetic KK mice. It is possible that
the ATE - induced hypoglycemia in these animals is due to the activa-
tion of their circulating bound insulin by ATE. The bound insulin
concentration in the sera of adrenalectomized rats is estimated between
300 - 400 microunits per ml serum. These animals are sensitive to small
amounts of insulin. Intact rats which exhibit higher concentrations of
bound insulin (400 - 500 microunits per ml serum) did not respond to
ATE administration. However, intact rats were shown to be less sensi-
tive to insulin (14, 16). On the other hand, hypophysectomized rats
which are also sensitive to insulin responded to AT'E administration
(unpublished data). Studies presented in Tables 1 and 11 are consistent
with the hypothesis that ATE may stimulated the activation and utili-
zation of bound insulin. In adrenalectomized rats ATE administration
stimulated the incorporation of glucose carbon into the liver and adipose
tissue glycogen and into the fat of the adipose tissue of these animals.
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These effects are similar to those produced by injection of crystalline
or bound insulin. More direct evidence is provided by the fact that the
insulin activity in the blood sera of ATE -injected KK mice and adre-
nalectomized rats is considerably lower compared to insulin activity in
the blood sera of animals injected with control saline (Table 11). This
may indicate a more rapid utilization of bound insulin by tissues under
the stimulation of ATE.

Lenti and Pellegrini recently observed that ATE did not affect
the blood glucose concentrations of adrenalectomized - alloxanized rats,
which exhibited low concentrations of circulating bound insulin (personal
communication). ‘I'his finding is also consistent with the possibility that
the action of A'T'E may be mediated through the activation of bound
insulin. However, other possibilities on the mode of action of ATE
cannot be excluded. It is conceivable, for example, that the effects of
ATE may be due to an insulin-like substance in these preparations
which directly stimulates glucose utilization. This supposition, however,
is not supported by in vitro studies, which showed that ATE alone does
not exert an insulin - like effect on isolated muscle and epididymal adi-
pose tissue. Futhermore, it is difficult to explain the prolonged effect
of ATE in KK mice only on the basis of a direct action on glucose util-
ization. One may anticipate a rather short half-life for the low molec-

ular weight active factor in the AT'E preparation.

The molecular weight of the active factor in ATHE appears to be
below 1,000 as judged by ultrafiltration (7) and Sephadex chromatog-
raphy (unpublished data). ATE is stable in dilute acids (0.2 M formic
acid; 0.02 M hydrochloric acid) and heating at 100’ C for 5 to 20 minutes
did not affect its biologic activity. Ashing, on the other hand, destroyed
the activity of ATE. Partially purified ATE preparations retained full
biologic activity during a three-year storage at —15°C. T'hese prepa-
rations were stored both in the dry and aquous frozen state. Highly
purified preparations obtained from bovine mesenteric adipose tissue
exerted hypoglycemic effects in adrenalectomized rats at a dose level
of 0.2 mg per rat (about 1.6 mg per kg body weight). Studies on the
chemical structure of these ATE preparations are now in progress.
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SUMMARY

Partially purified preparations of bovine adipose tissue extracts
(ATE) produced a significant decline in the blood glucose concentrations
of intact, spontaneously diabetic mice of the KK strain following intra-
peritoneal administration. I'hese mice are considered to represent an
inbred strain of diabetic animals similar to human diabetes of the matu-
rity-onset type. Long-term studies in KK mice carried out for a period
of 15 days demonstrated that AT'F, can produce a prolonged effect in
these animals lasting 24 to 30 hours.

ATE preparations obtained fram homologous rat or heterologous
bovine adipose tissue produced a significant decline in the blood glucose
concentration of adrenalectomized rats following intravenous or intra-
peritoneal administration. This effect of ATE was accompanied by an
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increase in the rate of incorporation of glucose carbon into the glycogen
of liver and epididymal adipose tissue and into the fat of the adipose
tissue of these animals. ‘I'he concentration of circulating bound insulin
decreased significantly in the blood of adrenalectomized rats injected
with ATE as compared with animals injected with control saline. These
data are consistent with the hypothesis that the effects of ATE on the
blood glucose concentrations of these animals is due to activation by
ATE of their circulating inactive bound insulin.
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