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Hypoglycemic Effect and Antioxidant Potential of
Kaempferol-3,7-O-(a)-dirhamnoside from Bauhinia forficata Leaves
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In vivo and in vitro treatments were carried out to investigate the effects of kaempferol-3,7-O-(a)-
dirhamnoside (kaempferitrin), a major flavonoid compound of the n-butanol fraction from Bauhinia
forficata leaves, on serum glucose levels, as well as its antioxidant potential. Oral administration of
kaempferitrin led to a significant hypoglycemic effect in normal and in alloxan-induced diabetic rats. In
normal rats, blood glucose lowering was observed only with the higher dose of kaempferitrin (200 mg/kg)
at 1 h after treatment. However, the hypoglycemic effect of kaempferitrin in diabetic rats was evident at
all doses tested (50, 100, and 200 mg/kg), and this profile was maintained throughout the period studied
for both higher doses. Additionally, in glucose-fed hyperglycemic normal rats, the kaempferitrin failed to
decrease blood glucose levels. In vitro antioxidant properties or action against reactive oxygen species of
this compound was also evaluated. The compound showed high reactivity with 1,1-diphenyl-2-picryl
hydrazyl (DPPH), ICs; of 84.0 £+ 7.8 uM, inhibited myeloperoxidase activity with Kos = 86 + 9.9 uM, and
decreased lipid peroxidation, induced by ascorbyl radical either in microsomes or in asolectin and
phosphatidylcholine liposomes, with 1Cs’s of 320 + 14.1, 223 + 8.3, and 112 + 8.8 uM, respectively.

Diabetic disease is increasing rapidly and consumes vast
amounts of resources in all countries. Both types of
diabetes, mellitus and insulin resistant, are complex traits
in which multiple gene effects and metabolic and environ-
mental factors combine to contribute to the overall patho-
genesis of these conditions. Type 1 diabetes results from
fp-cell destruction that is generally considered to be a
multifactorial autoimmune process.! Plants used in folk
medicine to treat diabetes mellitus represent a viable
alternative for the control of this disease. Thus, the
screening of plant compounds for an antidiabetic effect is
mandatory.

Bauhinia forficata is one of the Bauhinia species most
used as an antidiabetic herbal remedy in Brazil. This
species is an arboreal plant of Asiatic origin that adapts
well to the Brazilian climate.? Our earlier studies confirmed
the hypoglycemic effect of the n-butanol fraction of B.
forficata Link (Leguminosae) leaves in alloxan-induced
diabetic rats.® However, in this fraction we have identified
four different flavonoids with kaempferitrin (1) predomi-
nanting.*

Flavonoids are polyphenolic phytochemicals found in
almost all types of plants from stems to roots to fruit. In
B. forficata Link (Leguminosae), phytochemical and phar-
macognostic investigations have demonstrated that kaemp-
feritrin is present only in the leaves and absent from other
parts of this plant.5 Most studies have examined the effects
of natural flavonoids in physiological and pathological
conditions of glucose metabolism367 as well as in lipid
peroxidation.8® Although not considered nutrients and thus
essential for life, flavonoids have gained increasing recog-
nition for their health-related qualities.

The relationship between reactive oxygen species (ROS)
and many human diseases is well established. ROS have
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been implicated in over 200 disorders, including diabetes.
It is still uncertain as to whether oxidative stress contrib-
utes to the origin of diabetes in humans; however, there is
some evidence that in the diabetic or hyperglycemic state
the antioxidant defenses are in a vulnerable condition.1°

The present study was carried out to elucidate the acute
effect of kaempferitrin on blood glucose lowering in normal,
normal hyperglycemic, and alloxan-induced diabetic rats.
Also, the in vitro antioxidant potential of kaempferitrin was
analyzed by scavenging of free radicals, inhibition of a pro-
oxidant enzyme, myeloperoxidase (MPO), and prevention
of lipid peroxidation.

Results and Discussion

Table 1 shows the effect over time of 50, 100, and 200
mg/kg of kaempferitrin on blood glucose levels in normal
fasted rats. Only the higher dose of kaempferitrin showed
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Table 1. Acute Effect of Kaempferitrin in Normal Rats?

blood glucose level (mmol/L)

group 1 group “l )
time group | vehicle kaempferitrin
(h) control EtOH/H,O 50 mg/kg 100 mg/kg 200 mg/kg

0 72+£013 6.1+0.19 6.24+0.23 6.0+0.2 5.9+0.67
1 65+0.09 6.0+0.15 554+0.21 54+0.35 4.5+0.34°
2 64+£035 59+0.23 59+0.19 55+0.34 5.0£0.09
3 72+022 644019 6.24+0.13 6.24+0.23 5.1+0.27

aValues are expressed as mean + SEM; n = 6 in duplicates for
each group. ° Statistically significant difference from the corre-
sponding zero time value, P < 0.05.

Table 2. Acute Effect of Kaempferitrin in Diabetic Rats?

blood glucose level (mmol/l)

group 111

time group | vehicle kaempferitrin
(h)  diabetic EtOH/H,O 50mg/kg 100 mg/kg 200 mg/kg

0 28.0+0.15 28.4+0.42 27.1+0.45 30.24+0.53 28.4 +0.41
1 27.0+0.61 28.6 4+ 0.77 23.5+ 0.44° 24.3 4+ 0.19° 22.4 + 0.44P
2 29.8+0.31 28.4+0.37 25.2 £ 0.43 24.0 + 0.67° 22.2 + 0.83°
3 29.0+02 27.6+1.41 253+0.55 24.0+0.72° 22.4 +0.36°

group 11

aValues are expressed as mean + SEM; n = 6 in duplicates for
each group. ° Statistically significant difference from the corre-
sponding zero time value, P < 0.05.

a hypoglycemic effect at 1 h after treatment as compared
to the respective zero time.

The administration of alloxan (60 mg/kg) to the fasted
rats markedly increased blood glucose levels as compared
to both groups | in Tables 1 and 2. Also, in these groups,
the vehicle did not show a significant difference in blood
glucose levels. The oral administration with doses of 50,
100, and 200 mg/kg of kaempferitrin significantly reduced
the hyperglycemia in diabetic rats with all doses studied
when compared to the respective zero time. Both 100 and
200 mg/kg doses of the compound caused a significant
lowering of blood glucose levels throughout the period
studied, and the maximum hypoglycemic effect was at 2 h
after kaempferitrin treatment (Table 2). It is, therefore,
conceivable that the hypoglycemic principle(s) of kaempfer-
itrin exert a prominent and direct effect in diabetic animals.
In these groups, kaempferitrin cannot act indirectly by
stimulating the release of insulin since alloxan treatment
causes destruction of S cells. These results are in agreement
with Russo et al.,** who observed no differences in insulin
levels between normal and diabetic patients in response
to either acutely or chronically administered B. forficata
leaf extracts. However, the hypoglycemia produced by the
higher dose of kaempferitrin in normal animals may be due
to a slight potentiation of the insulin action.

Within 30 min of starting the glucose tolerance test,
blood glucose concentration was significantly increased
from its initial level. This hyperglycemia was maintained
until 90 min and then started to decrease, returning to its
initial value at 180 min (Table 3). The 100 mg/kg dose of
kaempferitrin that produced a hypoglycemic effect in
diabetic animals was tested against a glucose tolerance
curve. The hyperglycemic time course (from 0 to 180 min)
observed on the glucose tolerance curve was unchanged in
the presence of kaempferitrin. Tolbutamide (100 mg/kg)
administered to normal glucose-fed rats showed a typical
hypoglycemic effect from 60 to 180 min, producing lower
glucose levels than the control group.

It is generally accepted that the sulfonylureas, including
tolbutamide, produce hypoglycemia in normal animals by
stimulating the pancreatic S cells to release more insulin.
These drugs, however, do not decrease blood glucose in
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Table 3. Acute Effect of Kaempferitrin on Oral Glucose
Tolerance?

blood glucose level (mmol/L)

group 11 group IV
group 11 glucose + glucose +
time group | glucose kaempferitrin  tolbutamide

(min) control 4 g/kg (100 mg/kg) (100 mg/kg)

0 69+023 7.1+£0.19 6.5+ 0.75 6.7 £ 0.19
30 6.6+042 884037 9.5+ 1.22° 7.8 £0.35°
60 6.54+0.11 8.840.29° 8.8 £ 0.440 6.3 +£0.13
90 6.64+0.18 9.2+0.3° 8.2+ 0.3° 5.940.32

180 7.0+0.23 7.9+£0.13 6.7 £0.71 5.2 4+ 0.29°

aValues are expressed as mean + SEM; n = 6 in duplicates for
each group. P Statistically significant difference from the corre-
sponding normal group; P < 0.05.

Table 4. Inhibition of MPO Activity by Kaempferitrin and
Action as DPPH Scavenger?

assay Kos (uM) I1Cso (uM)
DPPH reactivity 84.0+7.8
MPO activity 86.0 +9.9

2 Values are expressed as mean + SEM; n = 3 in duplicates for
each group.

alloxan-diabetic animals.’? In glucose-fed hyperglycemic
normal rats, tolbutamide (100 mg/kg) was able to return
the glycemia to control levels (Table 3). Also, kaempferitrin
had no influence over the glucose intestinal absorption.
Considering together the results from Tables 1, 2, and 3
we propose that the kaempferitrin hypoglycemic mecha-
nism involves an insulin-like effect on peripheral glucose
consumption, inhibition of glucose reabsorption by the
kidney, a delay in insulin catabolism (inhibition of insuli-
nases), and/or potentiation of the effect of residual insulin.

Another relevant point is that the hypoglycemic effect
of kaempferitrin in diabetic rats was markedly more potent
(around four times) when compared to the n-butanol B.
forficata fraction using a similar protocol (see Silva et al.3
and Table 2), thus emphasizing the importance of kaempfer-
itrin in that fraction.

The antioxidant potential was first analyzed by observ-
ing the reactivity of the compound with DPPH, a stable
radical (violet colored). As the radical picks up an electron
in the presence of a free radical scavenger, the absorption
decreases, and the resulting decolorization is stoichiomet-
rically related to the number of electrons gained. The
compound showed a very high reactivity with this radical
with an ICsp of 84 £+ 7.8 uM (Table 4).

Second, the effect of kaempferitrin on MPO activity, a
pro-oxidant enzyme, was analyzed. The compound inhib-
ited the MPO activity with a Ko 5 of 86 £+ 9.9 uM (Table 4).
One hundred percent of enzyme activity was determined
as 4.0 + 0.5 units/min/mg protein. Each point of the curve
was monitored kinetically. The maximal enzyme inhibition
was obtained with 400 uM of the compound.

As a third approach to analyze the antioxidant potential
of the compound, the protection indices of lipid peroxidation
for kaempferitrin in membranes of endoplasmic reticulum
(microsomes), asolectin, and phosphatidylcholine liposomes
were obtained (Table 5). Peroxidation was induced by
ascorbyl and hydroxyl radicals as described in the Experi-
mental Section. The compound protected against lipid
peroxidation, although with a different potency for each of
the membranes tested with both free radicals. Comparing
the 1Csy's of kaempferitrin against lipid peroxidation
induced by ascorbyl and hydroxyl, we observed that the
antioxidant potential of the compound was much higher
against the latter. The 1Csq's for ascorbyl radical were 320
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Table 5. Effect of Kaempferitrin. Action against Lipid
Peroxidation?®

ascorbyl radical
1Cs0 (uM)

hydroxyl radical
1Cs0 (uM)

membrane kaempferitrin quercetin kaempferitrin quercetin
liver microsomes 320.0 £14.1 125+50 850+35 75+0.7
ASO liposomes  223.0 + 8.3 80 +5.7 n.d. n.d.
PC liposomes 112.0 £ 8.8 80 +6.0 n.d. n.d.

aValues are expressed as mean + SEM; n = 3 in duplicates for
each group. n.d. = not determined.

+ 14.1, 223 + 8.3, and 112 + 8.8 uM, respectively, and for
hydroxyl radical in liver microsomes it was 85 + 3.5 uM
(Table 5). The data shown in Table 5 indicate that the
protective potential of the antioxidant is dependent on the
lipid membrane constitution, as clearly shown through the
1Cs of kaempferitrin against lipid peroxidation induced by
ascorbyl in three different lipid bilayers. In parallel, as a
positive control of lipoperoxidation protection, we measured
the effect of quercetin, a flavonoid with known antioxidant
properties, as described by Saija et al.X® and references
therein, also shown in Table 5. As expected, quercetin
showed a strong action against lipid peroxidation with an
I1Cs in liver microsomes of 125.0 + 5.0 uM and essentially
the same value, 80 £+ 6.0 uM, in ASO and PC liposomes.
This indicates that kaempferitrin is only 2—3 times less
potent than quercetin, a strong and well-characterized
antioxidant.

Kaempferitrin presented an antioxidant potential at very
low concentrations compared to the doses used in the in
vivo analysis of its hyperglycemic effect: (i) it inhibited the
lipid peroxidation in different membrane models, indirectly
demonstrating that distinct tissues, containing membranes
of distinct lipid composition, can be protected, which may
be of particular importance in some pathological conditions,
including diabetes; (ii) it also inhibited a pro-oxidant
enzyme, myeloperoxidase, which plays a central role in
infection and inflammation, converting hydrogen peroxide
and chloride to hypochloric acid (HOCI), and although
HOCI has an important role in killing microorganisms, it
also possesses high reactivity and the ability to damage
biomolecules by oxidation, both directly and in its decom-
posed form, chlorine gas (Cl,);1° (iii) it reacted with DPPH,
as expected for flavonoids.'#

The antioxidant potential of flavonoids is particularly
important because they are easily available in the plant
kingdom and are able to protect against stress phenomena
such as lipid peroxidation, as shown for a variety of
kaempferol derivatives having high antioxidant selectivity®
and for quercetin, which was able to protect cells against
H,0,-induced oxidative stress and calcium dysregulation.t®
Table 5 also shows that kaempferitrin has an antioxidant
potential comparable to that of quercetin. The effectiveness
of the protection against lipid peroxidation is probably
because flavonoids, in general, are able to interact with
lipid membranes, as shown by Saija et al.13

Since we were convinced regarding the importance of a
drug treatment against multiple targets, in this case with
hypoglycemic and antioxidant actions, and also considering
that the model used in this work provokes an artificial
oxidative stress in the animals,’%16 we evaluated the
antioxidant potential of kaempferitrin only in vitro.

We conclude that kaempferitrin, purified from the n-
butanol fraction of B. forficata leaves, was effective in
decreasing blood glucose levels in normal and diabetic rats
after an acute treatment, and this effect was not related
to reduced intestinal absorption. A further conclusion is
that the fraction possesses a strong antioxidant potential,
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preventing the in vitro lipid peroxidation in different lipid
bilayers, induced by hydroxyl and ascorbyl radicals, as well
as acting as a free radical scavenger and inhibitor of pro-
oxidant enzymes.

Since the n-butanol fraction contains at least three
different glycosylated kaempferols, studies are underway,
with isolated compounds, to elucidate the structure—
function relationships.

Experimental Section

General Experimental Procedures. Tolbutamide, al-
loxan, quercetin, o-dianisidine, asolectin, I-a-phosphatidylcho-
line, cholate, deoxycholate, and ascorbate were purchased from
Sigma Chemical Company (St. Louis, MO). Glucose, salts,
H20,, and solvents were purchased from Merck AG (Darm-
stadt, Germany); dialysis membrane was obtained from DI-
ANORM GMBH, Munich, Germany.

Plant Material. The leaves of B. forficata Link were
collected in the summer of 1999 at Orleans, Brazil, and
identified by Prof. Daniel de Barcelos Falkenberg. A voucher
specimen of the plant (FLOR-31271) has been deposited in the
herbarium of the Botany Department at Universidade Federal
de Santa Catarina, Florianopolis, Brazil.

Extraction and Isolation. The air-dried plant material
was ground to a powder and extensively extracted with 8:1
EtOH—H,0 by maceration at room temperature. The aqueous
alcoholic extract was concentrated to the desired level and
stored at 4 °C for 24 h, before being filtered to withdraw a
waxy residue and an aqueous suspension, which was succes-
sively extracted with n-hexane, CH,Cl,, EtOAc, and n-BuOH.
The n-BuOH fraction was subjected to column chromatography
over silica gel 60, eluting with a gradient of EtOAc to MeOH,
to give three fractions that showed a positive reaction to FeCls
on TLC. These fractions were then purified by elution through
a further flash column chromatography step over silica gel to
give kaempferitrin as a pale yellow amorphous powder.*

Experimental Animals. Male Wistar rat (160—190 g) were
used. They were bred in our animal facility and housed in an
air-conditioned room (approximately 24 °C) with controlled
lighting (lights on from 06:00 to 20:00 h). All the animals were
maintained with pelleted food (Nuvital, Nuvilab CR1, Curitiba,
PR, Brazil) and tap water available ad libitum. Fasted animals
were deprived of food for at least 16 h but allowed free access
to water. All the animals were carefully monitored and
maintained in accordance with ethical recommendations of the
Brazilian Veterinary Medicine Council and the Brazilian
College for Animal Experimentation.

Diabetes was induced by a single intravenous injection of
60 mg/kg of alloxan monohydrate (0.9% NaCl) in overnight
fasted rats.® We assessed the diabetic state by measuring body
weight and blood glucose levels at 3 days thereafter. Blood
samples from the retro-orbital vein plexus were collected and
centrifuged, and blood glucose serum levels were determined
by using the glucose oxidase method.'” A blood glucose range
of 25—30.5 mmol/L was used for the experiment. All in vivo
treatments were made orally by gavages.

Bioassay. Normal animals fasted overnight were randomly
divided into three groups of six rats: group | served as control,
group Il received the vehicle, 0.5 mL of 1% EtOH—H,0; group
111 received kaempferitrin at the following doses: 50, 100, and
200 mg/kg. Animals for which development of hyperglycemia
was confirmed (around 95%) 72 h after the alloxan injection
were randomized into three groups of six rats: group I, diabetic
rats; group 1l diabetic rats that received vehicle; and group
I11, diabetic rats that received the kaempferitrin at the
following doses: 50, 100, and 200 mg/kg. Serum glucose levels
were measured at zero time (before receiving the compound)
and 1, 2, and 3 h following the treatment.

Fasted rats were divided into four groups of six animals:
group I, control rats; group Il, rats receiving glucose (4 g/kg);
group 11, rats receiving glucose (4 g/kg) plus kaempferitrin
(100 mg/kg); and group 1V, rats receiving glucose (4 g/kg) plus
tolbutamide (100 mg/kg). Blood samples were collected just
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prior to and at 30, 60, 90, and 180 min after the glucose
loading, and blood glucose levels were measured.

DPPH Reactivity. This assay was carried out with a
medium containing an EtOH solution of 200 uM DPPH. The
free radical exhibits a potent absorption at 515 nm, and the
antioxidants decrease the amount of the free radical, as
described by Vivot et al.'*

Assay for Myeloperoxidase Activity. Biological material,
such as rat lungs, was homogenized in an ice-cold phosphate
buffer as previously described by Rao et al.*® as a source of
the enzyme. The enzyme activity was determined by the slope
of the absorption curve set at 450 nm in the presence of
o-dianisidine—2HCI and H,0; and calculated on the basis of
a standard curve obtained for a commercial enzyme.

Liver Microsomal Preparations. Liver microsomes were
obtained from rat liver by differential centrifugation with
calcium aggregation, according to Schenkman and Cinti.*® The
fractions obtained were immediately placed in a freezer at —70
°C for the later determination of antioxidant activity. The
protein concentration was determined according to Lowry et
al.?°

Liposomes Preparation. Bilayer liposomes were prepared
by cholate dialysis as described previously by Creczynski-Pasa
and Graber.?! The method consists of the solubilization of the
phospholipids with cholate and deoxycholate followed by a
dialysis procedure. PC = l-a-phosphatidylcholine from fresh
egg yolk; ASO = asolectin = L-a-phosphatidylcholine + another
lipid such as phosphatidylinositol or phosphatidylethanol-
amine, from soybean.

Lipid Peroxidation Induced by Ascorbyl Radical and
by Hydroxyl Radical. Lipid peroxidation was induced by the
addition of 25 uM FeSO, and 500 M ascorbate, for ascorbate
radical, according to Sanz et al.® and by the addition of 25 uM
FeCl,, 2.8 mM H;0,, and 100 uM sodium ascorbate in a
medium containing 2 mg microsomal protein/mL 0.1 M KH,-
PO, at pH 7.4, for hydroxyl radical. When the lipid peroxida-
tion was assayed in liposomes, the lipid concentration was 12.5
mg/mL, and in microsomes protein concentration was fixed at
2 mg/mL. The amount of TBARS was measured according to
Bird and Draper?? and calculated using an extinction coef-
ficient of 1.56 x 10° M~ cm L.

Statistical Analysis. Data were expressed as mean =+
SEM. Statistical evaluation was done using one-way analysis
of variance (ANOVA), followed by Bonferroni post-test using
the software GraphPAD InStat, Version 1.122. Differences
were considered to be significant at P < 0.05.
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