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ABSTRACT

It is now well established that the rodenti-
cide Vacor (N-3-pyridyl-mehtyl-N’-p-nitropheny-
lurea) causes a hyperglycemia in human and
rats. It is also reported that there are some com-
ponents (DPG-3) in ginseng radix which cause
hypoglycemic effect on alloxan diabetic mice.
In the present study, attempts were made to
demonstrate in Vacor-poisoned rats the hypo-
glycemic activity of red ginseng component
(RGC), which was extracted by Kimura’s DPG-3
extraction procedure and found to be effective
for lowering a hyperglycemia in alloxan-diabetic
rats.

Vacor in a dose of LD;, (10mg/kg) produc-
ed a glucose intolerance with a paradoxical
in blood
insulin and derangement in glucose metabolism
of epididymal adipocytes in rats. Although RGC
(20mg/kg, i.p.) did not exert any significant
influence on a hyperglycemia induced by large
lethal doses (25mg/kg) of Vacor ingestion, it
improved the LDs, Vacor-induced glucose in-

moderate increase Immunoreactive

tolerance and caused a further increase in blood
insulin levels in Vacor-poisoned rats. The adminis-
tration of RGC (20mg/kg, i.p.) normalized Vacor-
induced depression of glucose metabolism and
lipogenesis in the epididymal adipocytes with
an improvement of reduced responses to insulin
of adipocytes from Vacor-poisoned rats. These
results suggest that some red ginsneng com-
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ponents contained in RGC fraction normalize
the depressed peripheral glucose unitlization and
insulin response and eventually lead to an impro-
vement of abnormal glucose tolerance developed
in rats poisoned with small doses of Vacor.

INTRODUCTION

N-3-Pyridylmethyl-N’-p-nitrophenylurea, or
Vacor (RH-787) was introduced in 1974 as a
rat poison, which would kill even Wafarin-resis-
tant rats but not harm other animal life (1). The
LDs, of Vacor is very low for rats (6.7mg/kg) (2)
but quite high for nontarget species, including
dogs, cats, and chickens. Unfortunately, Vacor
poisoning in man occurred after accidental and
suicidal ingestion of the compound (8,4). The
survivors of Vacor ingestion develop keto-
acidosis-prone diabetes mellitus and severe toxic
neuropathies (5).

The Vacor-induced diabetes is now generally
believed to be caused by the destruction of B
cells in the pancreatic islets of Langerhans, re-
sulting in the development of insulin-dependent
diabetes (6). However, there are a number of
evidence indicating that it is not insulin-depen-
dent and some other extra-pancreatic factors
are involved in jts pathogenesis. For example,
Lee et al (7, 8) demonstrated that Vacor-poisoned
patients and rats showed a normal insulin and C-
peptide secretory responses to oral glucose load-
ing despite the development of hyperglyce-



mia.

The beneficial effects of Panax ginseng on
diabetes mellitus are now well documented (9),
and it has recently been described that a non-
saponin component of ginseng radix is effective
for lowering hyperglycemia in alloxan diabetic
mcie by stimulating insulin release from pancrea-
tic islets (10, 11). In the present study, we have
tried to demonstrate a hypoglycemic activity of
red ginseng component(s) in Vacor-poisoned rats.

MATERIALS AND METHODS

Animals. Wistar strain rats of both sexes
weighing 200-250g were used in observing the
changes in blood glucose level, and young male
rats weighing 100-150g were used for the experi-
ments with adipocytes. The animals were faster
for about 15 hr before each experiment.

Ginseng Extracts. Red ginseng radix (Panax
ginseng C.A. Meyer) supplied by Korea Ginseng
& Tobacco Research Institute was finely powder-
ed and suspended in 9 weight-volumes of water.
The suspension was shaken for 36 hr at 4°C and
centrifuged at 1,000 x g for 10 min. The resulting
supernatant solution was used as the water ex-
tract of red ginseng. The water extract was fur-
ther fractionated as described by Kimura et al
(10) to obtain RGC fraction, which corresponds
to the DPG-3 fraction of Kimura et al (10).
The water extract was given to animals by gastric
intubation, and the RGC fraction in isotonic
saline solution by intraperitoneal injection (i.p.).

Vacor. Vacor (Rohm & Haas Co., Pa) was
suspended in 0.05% Tween 80 solution and given
to animals by gastric incubation at a dose of
5-25mg/kg body weight.

Alloxan Driabetes.
(40mg/kg) dissolved in 0.9% saline solution was
injected into a tail vein of rats weighing 200-250g.

Alloxan monohydrate

Two days after the injection, blood glucose levels
were determined at fasting state, and the rats with
a glucose level of 150mg% or more were used as
alloxan diabetics.

Assay for Blood Glucose and Insulin Levels.
Blood samples were obrained from tail veins.
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The glucose level was determined by glucose
oxidase-peroxidase method (12), and the insulin
level as immuno-reactive insulin (IRI) by the
radioimmunoassay using double antibody (13).
Assay for (1-'*C) Glucose Conversion to
“CO, and '*C-Lipids. Rats were killed by a
blow on the head, and the epididymal fat pads
were quickly removed. The adipocytes were
prepared from the these fat pads as described
by Rodbell 14). The adipocytes (8 x 10* cells)
were incubated at 37°C for 2 hr in 2 ml of bicar-
bonate-buffered medium containing albumin
(36mg/ml), 0.5mM glucose, 0.1uCi of (1-'*C)
glucose, and insulin (pork monocomponent
insulin, Novo Research Institute, Copenhagen)
as described by Weiss and Loeffler (15). After
incubation, 1ml of 8N H, SO, was added to the
incubation medium after which the *CO, was
trapped on filter paper impregnated with ethano-
lamine: methylcellosolve (1:2 v/v). For the deter-
mination of '*C-lipid, the cell suspensions were
extracted with 5ml of Dole’s extraction mixture
as described by Rodbell (14), and the lipid
fraction was assayed for ! C radioactivity.
Radioactivity Assay.
counted in a Beckman gamma counter. '* C radio-
activity was counted in a Packard Tri-Carb 300C
liquid-scintillation system, using Jeffay & Alvarez

125 1 radioactivity was

scintillator solution containing PPO and dime-
thyl POPOP (16).

RESULTS AND DISCUSSION

Effect on Vacor-Induced Hyperglycemia.
Single large dose (25mg/kg) of Vacor, which had
previously been employed in experimental Vacor
78) caused half of the animals to die

around 6 hr after Vacor administration, and

poisoning,

hyperglycemia occurred only with imminent
death of the animals. As shown in Table I, the red
ginseng water extract (30mg/kg per os) and RGC
fraction (20mg/kg i.p.) given every other day for
10 to 20 days prior to Vacor administration did
not exert any influence on Vacor-induced hyper-
glycemia, nor did they prolong the life of Vacor-
poisoned rats. On the other hand, the RGC
fraction given twice in a dose of 20mg/kg to



Table 1. Effect of red ginseng pre-treatment of rats on changes in blood glucose level induced by Vacor poisoning

Red ginseng extracts were given every other day for 10 and 20 days before Vacor (25mg/kg) poisoning. Fast-
ing blood levels were determined at a given time after Vacor administration.

Pre-treatment

Blood glucose level after Vacor at

with 0 0 4 6 hrs
mg/100ml
1. None (control) 68 3 (10)* 76 £ 6 (10) 98 £ 10 (8) 180+ 17 (4)
2. Water extract (30mg/kg, orally)
For 10 days 75 £ 5 (10) 80+ 6 (10) 102 + 10 (8) 188 £ 16 (5)
For 20 days 75 + 6 (10) 82+ 7 (9) 100 * 12 (7) 184 + 12 (4)
3. RGC (20mg/kg, i.p.)
For 10 days 65+ 7 (10) 75 + 7 (10) 110 £ 9 (8) 180 15 (5)
For 20 days 71+ 7 (10) 75 £ 5 (10) 105 8 (9) 168 + 18 (6)
With Vacor simultaneously 79+ 6 (5) 73 1 8 (5) 98 + 9 (4) 174 * 15 (3)

Values are mean * S.E. Figures in parentheses are the number of animals.

alloxan diabetic rats were proved to be effective
for alloxan-induced hyperglycemia (Table II).
Thus, the ineffectiveness of red ginseng extracts
for Vacor-induced hyperglycemia might be pri-
marily due to the early death of the animals
poisoned with large dose of Vacor. For this
reason, in the following experiments the doses
of Vacor were reduced to 5 to 10mg/kg, which
are close to LDso (2), to prolong the animal life
after Vacor poisoning.

Effect on Glucose Intolerance Induced by
Small Dosea of Vacor. Small doses (5 to 10mg/
kg) of Vacor did not kill rats nor caused hyper-
glycemia to occur in earlier times after Vacor
administration as in the case of large doses of

Vacor poisoning. Oral glucose tolerance test,
however, revealed that Vacor-poisoned rats de-
veloped a glucose intolerance. As shown in Fig.
1, the repeated administration of red ginseng
RGC fraction for prolonged time improved the
glucose intolerance in Vacor-poisoned rats.
Futhermore, as indicated by the number of rats
survived, the RGC fraction reduced the death
rate of Vacor-poisoned rats.

Effect on Blood Insulin Levles. As shown in
Table II1, both Vacor and RGC fraction produced
a moderate but insignificant increase in blood IRI
levels. When rats were pre-treated with RGC
fraction (10 and 20mg/kg) and then poisoned
with Vacor (10mg/kg) 3 hr later, a further in-

Table 2. Effects of ginseng extracts on alloxan-induced hyperglycemia in rats

The ginseng extracts were given twice 49 and 99 hrs after alloxan (40mg/kg, i.v.) injection.

Time after 1st ginseng administration

Ginseng extract 0

40 72 hr*

None (control)
Water extract (30mg/kg, p.o.)
RGC fraction (02mg/kg, i.p.)

168.4 £ 34.9%*
181.6 £ 26.4
176.0 £ 32.1

Blood glucose (mg%)

191.2 + 15.4 258.2 + 63.1
218.4 + 34.02 983.6 + 48.0P
150.0 + 44.5¢ 151.4 + 36.19

* Corresponds to 22 hrs after the second ginseng administration.

** Figures are mean * SD. n=14 for control and RGC groups, and n=15 for water extract gorup.
a and ¢, p<0.05 compared to control; b, p <<0.1 compared to control; d, p <0.01 compared to control.
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Fig. 1. Effect of ginseng RGC fraction on oral glucose tolerance test in Vacor-poisoned rats. Contiol
rats received only Vacor at the time indicated by arrow sign for Vacor. RGC-treated rats received
both Vacor and RGC at the time indicated by arrow signs for each agent. Values are mean * SD,

Table 3. Effect of RGC fraction on blood insulin levles in normal and Vacor-poisoned rats

The RGC fraction (10 and 20mg/kg) was given intraperitoneally 3 hrs before Vacor (10mg/kg) poisoning.

Blood immunoreactive insulin {IRI) was assayed 2 hrs after Vacor administration.

Blood IRI level

Dose of
RGC Normal Vacor poisoned
mg/kg uU/ml
0 23.2 £ 3.8 35.0 + 8.32
10 35.6 + 7.6° 56.2 £ 10.7€
20 ‘ 34.1+8.2 68.5 + 13.49

Each value represents mean X S.E. from 5 rats.

35 < 0.3 compared to normal controls.

bp <0.2 compared to normal control without RGC treatment.

cp <0.2 compared to Vacor-poisoned control without RGC.

dp <C0.1 compared to normal with 20mg/kg RGC, and to Vacor control without RGC.
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crease in blood IRI levels was noted 2 hr after
Vacor administration. These results indicate that
the insulin release from the pancreas in stimulated
rather than depressed by Vacor and that both
Vacor and RGC fraction act synergistically in
stimulating the pancreatic insulin secretion.
Effects on Glucose Metabolism in Adpo-
cytes. Vacor given in a dose of 10mg/kg 3 hr
before produced a small but significant decrease
in the metabolic conversion of (1-'*C) glucose to
19CO, and "C-ipid by rat epididymal adipo-
cytes, whereas the RGC fraction per se had no
effect in normal adipocytes. However, the RGC
fraction, when given to Vacor-poisoned rats in
a dose of 20mg/kg 2 hr after Vacor posisoning,
normalized the decreased rate of glucose metabo-
lism in Vocorpoisoned adipocytes (Table IV).

Insulin (0.1mU/ml) added /n vitro to normal
adipocyte suspension produced a significant
increase in the conversion of glucose carbon to
CO, and lipid, and these metabolic response to
insulin of adipocytes were also depressed by
Vacor poisoning. The RGC fraction which had no
effect on these normal responses to insulin
increased to some extent the reduced responses
to insulin of adipocytes from Vacor-poisoned rats
(Table IV).

Taken altogether, these results suggest that
the glucose intolerance developed in rats poisoned
with small doses of Vacor is not primarily due to
an insulin deficiency and that the improvement of
glucose intolerance by the RGC fraction is ascri-
bable to the normalization of the depressed peri-

pheral glucose utilization in Vacor-poisoned rats.

Table 4. E;ffect of RGC treatment on insulin added in vitro on rates of conversion of (1-1*C) glucose to ¥¢0, and
C-lipid by adipocytes of Vacor-poisoned rats

Rats were poisoned with Vacor (10mg/kg) 2 hr prior to RGC (20mg/kg) treatment. One hr after RGC treat-
ment, rats were sacrificed. Isulin, where present, was at a concentration of 0.1mU/ml.

Relative rate of

Relative rate of

Animals (1-1*C) glucose = €O, (1-1*C) glucose ~ *C-lipid

— Insulin + Insulin — Insulin + Insulin
Control 100 158 + 7.4 100 136 * 6.42
Vacor-poisoned 88 % 3.6° 119+ 4.4 91+ 3.5P 118 ¥ 5.5
Control + RGC 103 + 3.7 145+ 5.2 99 + 4.2 130 + 4.8
Vacor + RGC 98 + 3.8° 128 + 4.64 105 + 3.8¢ 125 + 6.2

In control without insulin addition, the rate of (1-*C) glucose conversion to 14C02 was 3.1 £ 1.1 umoles/107 cells/2 hrs, and
that to 14C-lipid was 3.3 £0.15 /utmoles/lo7 cells/2 hrs. These control values were normalized to 100; all other values were expressed

relative to the control. Results are reported as mean * S.E. from 5 rats.

ap < 0.001 compared to no addition of insulin; bp < 0.02 compared to control without insulin; Cp < 0.1 against Vacor-rats; dp<
0.001 against no insulin group; ep< 0.15 against Vacor-control. fp < 0.02 against no insulin group of (Vacor + RGC).

Chong: Could you explain me why you used
that rodenticide? it sounds rather
unphysiological for me to induce hypergly-
cemia. Rodenticide could be
agent causing epinephric effects.

Lee: Some other hormonal unbalance maybe
caused by the rodenticide, vacor. That effect
can’t be neglected. We had examined some
glucagon secreatory response after vacor ad-
ministration, but the glucagon secreation was

Because

hepatotoxic
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normal, not impaired.
Chong: Sure. But, did you look at the liver on

histology after the rats were sacrificed? What
did they show? Dit it show hepatic necrosis
which could explain for the glucose intolerance
you observed?

Lee: We examined the autopsy sample. There was
some degenerational change in the liver of the
patients, but not in vacor-poisoned animals.

Chong: Thank you.
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