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Summary

We have investigated the antidiabetic activity of luteolin S5-rutinoside in
streptozotocin(STZ)-induced diabetic rats. Treatment for 20 days with 2 mg/kg
increased both pancreatic insulin and DNA content. When both luteolin 5-
rutinoside (2 mg/kg) and glibenclamide (1 mg/kg) were administered concurrently
to STZ-diabetic rats, a marked antidiabetic activity was achieved. This effect was
evidenced by a significant decrease in glycemia levels (>50%), a 2.5-fold increase
in insulin blood levels and an increase in body and pancreas weight, compared to
the diabetic control group.
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Various species of the genus Salvia are used as folk remedies to treat diabetic
hyperglycemia. Controlled laboratory studies have corroborated the hypoglycemic activity of
certain species (1,2), including Salvia lavandulifolia ssp. oxyodon which is found throughout
the province of Granada (Spain). In previous studies pancreatic hyperplasia was found to occur
in both non-diabetic and STZ-diabetic rats administered a Salvia extract for 30 days (3,4).
When this Salvia extract was administered concurrently with glibenclamide to STZ-diabetic
rats, a significant decrease in the glycemic level (>40%) and in the mortality index was
achieved (4). More recently we have isolated a new flavonoid from S. lavandulifolia, luteolin
5-rutinoside, from this extract (5). In the present paper we sought to determine the possible
antidiabetic effect of the prolonged treatment with luteolin 5-O-8-rutinoside in STZ-induced
diabetic rats.

Materials and Methods

Plant material. Plants were collected from the slopes of Sierra Nevada (Dornajo) in the
province of Granada at an elevation of 2000 m above the sea level during the month of June,
1990 and identified by Dr. Socorro (Department of Botany, University of Granada, Spain). The
extraction, isolation and identification of luteolin 5-O-B-rutinoside have been described
previously (5). A dose of 2 mg/kg of this isolated compound (81% purity) was used in the
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different assays described below.

Animals. Female Wistar rats (190-225 g) obtained from the Laboratory Animal Service of the
University of Granada were randomly distributed in several experimental groups. Animals were
housed in makrolon cages (5 rats per cage) and maintained in our laboratory in air-conditioned
animal quarters with a 12-h light-dark cycle. Animals were provided with free access to tap
water and food (Panlab A.04) for 1 week before the experiments began.

Streptozotocin-induceddiabetic. Diabetes was induced by intraperitoneal (i.p) injection of 60
mg/kg of STZ (Sigma, Madrid Spain) dissolved in 0.05 M citrate buffer (pH 4.5) (6). Rats
from the non-diabetic group were similary treated except that 0.5 ml of citrate buffer was
administered i.p.

Experimental design. Three days after STZ administration, the hyperglycemic animals (
glycemis levels being 470 + 28 mg/dl) were randomly divided into 4 groups of 20 rats each,
which received the following oral treatment for 20 days:

1. Luteolin 5-rutinoside (2 mg/kg)

2. Glibenclamide (1 mg/kg) (Sigma, Madrid, Spain).

3. Luteolin 5-rutinoside (2 mg/kg) + glibenclamide (1 mg/kg).
4. Distilled water (control).

Drugs were administered daily by means an oesophageal catheter at about 11.00 a.m.
for 20 days, after which all animals were sacrificed by decapitation. Plasma samples were
collected for determination of glucose and insulin levels. Pancreas were also collected, weighed
and processed for DNA and insulin content measurement. Histological studies were also
performed. Glucose was quantitated by the glucose-oxidase method, and the results were
expressed as mg/dl. Insulin was determined by a radioimmunoassay kit (7) and the results were
expressed as ng/ml plasma or ng/mg pancreas.

One half of each pancreas was homogenized by ultrasonic disintegration at 4°C in 8 ml
of an acid-ethanol solution (75% v/v ethanol; 1.5% v/v 12 M HCI; 23.5% v/v distilled water),
centrifuged at 6000xg for 15 min, and the supernatant recovered and kept at -20°C until assays
were carried out. The other half of each pancreas was homogenized with an automatic Heidolph
homogenizer in ice-cold water using a ratio of 1:25 (w:v). Deoxyribonucleic acid (DNA) was
quantitated according to the method of Labarca and Paigen (8) and the results were expressed
in ng/mg tissue.

Histological studies were performed on the pancreas. Following ablation, the tissue was
fixed in 3% glutaraldehyde in cacodylate buffer (0.1 M, pH 7.3), and postfixed in 1,5%
osmium tetroxide. The samples were then dehydrathe in acetone and embedded in Epon 812
resin. Semithin sections (1um) stained with toluidine blue and fuchsin-aldehyde were used for
light microscopic examination.

Peripheral glucoseconsumption. This activity was studied in rat diaphragm preparations from
animals fasted for 36 h previous to sacrificie and exsanguination. Diaphragms were divided into
two halves and incubated in accordance with Vallance-Owen’s technique (9) at 37.2°C, with
constant oxygenation for 90 min and shaking 90 cycles/min. The nutrient solution was
preparated with the following formula: 125 ml 1.3% NaHCO, was aerated for 3 min with
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carbogen, then added to 750 mi of saline solution. The resultant mixture was acrated for 10
min and use immediately. Composition of saline solution (in g/I) was: 9.5 NaCl, 0.4 KCl, 0.3
CaCl,, 0.35 NaHCO,, 0.35 MgSO, x 7H,0 and 0.2 KH,PO,. The results were expressed as
glucose consumption (by subtracting glucose after incubation from glucose before incubation)
per 10 mg dry diaphragm. Dry weight was determined after oven drying the material at 105°C
for 120 min.

Results

STZ treatment resulted in reduced pancreas weight and marked body weight loss
(557.0+35.2 mg and -9.2+5.4%, respectively), whereas nondiabetic animals increased their
body weight by 19.1+2.6% and had a mean pancreatic weight of 933.6+37.8 mg (p<0.01).
Both the pancreatic insulin and DNA contents were significantly decreased by 65% and 47%
in STZ-treated animals, respectively. STZ-treated rats also underwent a 4-fold increase in blood
glucose and 6-fold decrease insulin levels. The mortality index in the control group was of
25%.

Table 1 shows the effects of the treatment with luteolin 5-rutinoside and/or
glibenclamide on glycemia and plasma insulin levels and pancreatic insulin and DNA contents
in diabetic rats.

TABLE 1

Effects of treatment with luteolin 5-rutinoside (2 mg/kg) and/or glibenclamide (1 mg/kg) for 20 days on glycemia
and plasma insulin levels and pancreatic insulin and DNA contents in streptozotozin-induced diabetic animals.

Glycemia Plasmatic Insulin  Pancreatic Pancreatic

(mg/dl) (mg/dl) Insulin (ng/mg) DNA (ng/mg)
Control 435.7 + 242 0.81 + 0.17 19.2 + 3.8 45+ 02
Luteolin 5-rutinoside 3389 + 15.9° 0.52 + 0.13 27.9 + 2.9 6.4 + 0.5
Glibenclamide 388.1 + 16.3 1.40 + 0.81 163 + 3.4 49 +04
Luteolin 5-rutinoside + 212.4 + 22.2% 2.10 + 0.64™ 24.1 + 3.6 52 + 0.6
glibenclamide
Non diabetic 1294 + 7.2 572 + 1.1 542 +22 85+ 05

Tabular values represent the mean + SEM (n=20); ‘p<0.05, "p<0.01 control vs. treated group, by Student’s
t test.

The administration of luteolin 5-rutinoside for 20 days significantly reduced glycemia
levels (22%, p<0.05), but failed to significantly affect plasma insulin levels. Treatment with
glibenclamide had no effect whatsoever on these parameters. On the other hand, combined
therapy with luteolin 5-rutinoside and glibenclamide significantly decreased glycemia levels
(51%, p<0.01) and increased insulin blood levels by 2.5 fold. Also, this combination resulted
in lower body weight loss than that of the control group (-0,6 + 5.8% vs. -9,2 + 6,3%,
respectively, p<0.05). The mortality index in the different groups treated with luteolin 5-
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rutinoside or glibenclamide or luteolin 5-rutinoside + glibenclamide were 20%, 20% and 5%
respectively.

s

Fig. 1

Histological sections of pancreatic tissue following treatment with luteolin 5-
rutinoside (A), diabetic control (B) and luteolin 5-rutinoside + glibenclamide.
After treatment with flavonoid numerous B-cells were stained with fuschin-
aldehyde. (x140).

Luteolin 5-rutinoside significantly increased pancreatic DNA (42 %, p <0.05) and insulin
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(35%, p<0.05) contents. However, only the combination therapy with the flavonoid and
glibenclamide increased pancreas weight (677.04+38.3 mg, p<0.05), whereas treatment with
either luteolin S-rutinoside or glibenclamide did not significantly modify this parameter
(580.5+17.0 mg and 559.1+16.2, respectively, p>0.05).

The animals treated with luteolin S-rutinoside showed evident and well developed and
a higher cell density. The cytoplasm of B-cells was strongly stained with fuschin-aldehyde (Fig.
1A). However, in control animals the islets were scarce and small, and the B-cell cytoplasm
containing few insulin, as it was clear (Fig 1B). When the flavonoid and glibenclamide was
concurrently administered many B-cells poorly stained were observed. The intralobular ducts
and the interior of blood vessels were strngly stained, indicating active secretion of insulin (Fig
1C).

In vitro experiments showed that different concentrations of luteolin 5-rutinoside (107,
103, 10 mg/ml) increased the peripheral glucose uptake up to 2.6 + 0.5 (p<0.05), 3.4 +
0.4 (p<0.01) and 3.3 + 0.8 mg/10 mg dry weight (p <0.05) respectively compared to control
values (1.6 + 0.5 mg/10 mg).

Discussion

This study investigates the effect of a flavonoid, luteolin 5-rutinoside, isolated from
Salvia lavandulifolia on STZ-induced diabetic rats. In order to study this effect, plama glucose
and insulin levels and pancreatic insulin and DNA contents were determined.

Chronic administration of luteolin 5-rutinoside to STZ-diabetic animals resulted in a
significant increase in both pancreatic insulin and DNA contents compared to those of control
group. These results are confirmed by morphological assays. In the animals treated with the
flavonoid, the cytoplasm of 8-cells was strongly stained with fuschin-aldehyde (Fig 1). Similar
results have been previously observed in both normoglycemic and STZ-induced diabetic rats
treated with Salvia extract (3,4). It has previously been proposed that free radical stress occurs
during B8-cell destruction mediated by mononuclear phagocytes and cytokines (10,11,12). Since
free radicals scavengers delay the development of insulin-dependent diabetes mellitus in
experimental animals, a role for free radicals in the pathogenesis of the B-cell destruction seems
plausible (13,14,15). Flavonoids, particularly luteolin, have long been recognized as
antioxidative and free radical scavenging agents (16,17,18). This antioxidative effect could
contribute to the regeneration of the 8-cells showed by luteolin 5-rutinoside.

This naturally raises the question of whether luteolin S-rutinoside could effectively help
to control glycemia in diabetic animals. The results show that this flavonoid significantly
reduced glycemia without increasing plasma insulin levels. Therefore, the antidiabetic effect
of luteolin 5-rutinoside as a single agent is unrelated to improvement of insulin release to the
bloodstream. In turn, the antidiabetic effect of the flavonoid could be due to enhanced glucose
uptake by peripheral tissues, since luteolin 5-rutinoside shown to increase peripheral glucose
uptake in vitro.

Interestingly enough, the group of rats treated concurrently with luteolin 5-rutinoside
and glibenclamide showed a marked decrease in glucose plasma levels (by $1%), together with
a 2.5-fold increase in insulin plasma levels. Furthermore, the rats from this group had a higher
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body and pancreas weight, suggesting the existence of a significant antidiabetic effect of the
combined treatment. A synergic interaction between glibenclamide and luteolin 5-rutinoside
may possibly account for this effect, in such a way that the flavonoid may exert a regenerative
effect on pancreatic B-cells while glibenclamide improves insulin release from Langerhans islets
to the bloodstream (19,20).
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