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ABSTRACT

Dalbergia latifolia is commonly called as “Beete and sitsal”. In
the present study the mechanism of cerebroprotective action of
methanolic extract of bark of Dalbergia latifolia (DL) was carried out
against the global model of ischemia in rats. The animals were pre-treated
with DL for a period of 1week (500 mg/kg) p.o. All the inhibitors were
given 10 min prior to the occlusion i.p. The animals were anaesthetized
with thiopentone sodium (45mg/kg) and infarction was induced by
Bilateral Common Carotid Artery Occlusion (BCCAO) for 30 mins with the
help of suture threads, the knots were released with the help of slip knots.
The animals were allowed to re-perfuse for a period of 48 hrs. Then the
animals were sacrificed brain was decapitated. Biochemical estimations
for Super oxide dismutase, Catalase, Myeloperoxidase & Malondialdehyde
and histological examinations were carried out. The results obtained
showed that the Dalbergia latifolia extract is a potent cerebroprotective
with a possible mechanism of Cyclooxygenase (COX) pathway inhibitor, as

it shown the synergistic activity along with the COX inhibitor.
INTRODUCTION

Stroke is one of the leading causes of death and disability in the world. WHO has estimated that between
1990 to 2020 the world will witness an increase in stroke mortality of 78% in woman and 106% in man [1l. Stroke
is the world’s second leading cause of mortality, resulting around 6,000,000 deaths annually [2.. It is estimated that
the lifetime risk for stroke is between 8% and 10% [Bl. Pathogenically, stroke involves a heterogeneous group of
processes. Vessel occlusions (ischemic stroke) account for 85% of all strokes, while primary intracerebral bleeding
(hemorrhagic stroke) accounts for the remainder [4. Ischemic stroke accounts for 87% of all strokes. Among
persons aged 45 to 64 years, 8% to 12% of ischemic strokes result in death within 30 days ..

Flavonoids possess a highly reactive hydroxyl group that gets oxidized by electron-donation, thus stabilizing
the radical to a less reactive molecule. One way of reaction is the direct scavenging of free radicals, for example
superoxide anions, singulet oxygen and lipid peroxyl radicals. Structurally important features defining the reducing
potential of flavonoids are the hydroxylation pattern, o 3,4’-dihydroxy catechol structure in the B-ring, the planarity
of the molecule and the presence of 2,3-unsaturation in conjugation with a 4-oxo function in the C-ring. There is
considerable evidence that flavonoids efficiently attenuate the deleterious effect of free radicals and reactive
oxygen and reactive nitrogen species (ROS/RNS). Quercetin and some structurally related flavonoids, for example,
showed a marked cytoprotective effect in PC12 cells exposed to H202 €. Also in PC12 cells, the addition of
flavonoids or flavonoid-rich extracts suppressed the hydroperoxideinduced increase in ROS, thus improving cell
survival [7. 8],

Suzuki et al. ®1 administered catechin extract in drinking water to rats for five days before and during
middle cerebral artery occlusion (MCAOQ) and reperfusion to examine their protective effects on various deteriorative
processes following stroke. Catechins significantly ameliorated neurological deficits observed after reperfusion by
the inhibition of inducible Nitric Oxide synthase (iNOS) expression and infiltration of neutrophiles. In addition, the
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formation of peroxynitrite was found to be decreased due to the potent radical scavenging properties of catechins.
Hong et al. [101 used green tea extract in the drinking water ad libitum for 3 weeks before ischemia in gerbils. This
treatment reduced the infarct volume, the number of apoptotic cells, and lipid peroxidation, and inhibited the
ischemia-induced hyperactivity.

Dalbergia latifolia is a large glabrous tree with a single stem and having a characteristic smell 111, It is
distributed in Bihar, Bundelkhand and Central India 12, It contain dalbinol a new 12a-hydroxyrotenoid [13], sisafolin
coumarin from seeds, B- sitosterol, also contain dalbergichromene, lupeol, latifolin and dalbergin from bark of the
tree, heartwood contains latinone, neoflavonoid dalcriodon 14 and latinone, a substituted phenanthrene-1, 4-
quinone was isolated from Dalbergia latifolia [15]. Ethanomedicinally, the stem barks contain tannin is used for
treatment of leprosy, obesity and worm 12, EtOH (50%) extract of the bark exhibits spasmogenic, and anthelmintic
activity against Ascaridia galli 1161, Ethanomedicinally, the stem bark contain tannin is used for treatment of leprosy
and worm 171, Many species of Dalbergia are important timber trees, valued for their decorative and often fragrant
wood, rich in aromatic oils [18.19], Traditionally various species are reported to be used as aphrodisiac, abortifacient,
expectorant, anthelmentic, antipyretic, appetizer, allays thirst, vomiting, burning sensation, cures skin diseases,
ulcers, diseases of the blood, reduces obesity, used in leucoderma, dyspepsia, dysentery, for diseases of the eye
and nose, syphilis, stomach troubles, leprosy, leucoderma, scabies and ringworm [20],

MATERIALS AND METHODS
Collection of plant material

The bark part of Dalbergia latifolia was collected in the month of june-2012 from forest of Tirupati and it
was identified and authenticated by K.Madhava chetty, and the voucher specimen was deposited in Department of
Pharmacology, Karnataka College of Pharmacy, Bangalore. The plant material was thoroughly cleaned to remove
the adhering soil, mud and debris. The bark was dried in the shade at room temperature to a constant mass. The
plant material was coarsely powdered using blender. The powder was stored in a airtight container protected from
light.

Preparation of extract

The plant material obtained was subjected to grinding using a mechanical blender to get fine powder of
uniform size. About 250gm of the powder was treated with methanol in a soxhelet apparatus for 2hrs. The liquid
extract thus obtained was subjected for evaporation to remove the excess of solvent under shade, which will give a
solid mass of the drug extract. The yield of the extract was calculated and stored for further use. The solid
methanolic drug extract was further subjected to column chromatography for isolation of flavonoid, the flavonoid
presence in the drug was confirmed with the help of chemical tests for flavonoids, adsorption column
chromatography and TLC were used to purify the flavonoid. Spectral data was used to predict the possible structure
of the compound.

Experimental animals

Albino male wistar rats (8-10 weeks old) weighing 250-280g, were used for the experiment. They were
acclimatized for one week prior to experiment. Animals were caged in fully ventilated room, were maintained in
12:12 h light and dark cycle and were housed at temperature of 25 + 2°C. They had free access to a standard
chow diet and water ad libitum. All the experiments conducted on the animals were in accordance with the
standards set for the use of the laboratory animal use and the experimental protocols were duly approved by the
IAEC ( Institutional Animal Ethical Committee).

Experimental design
Rats were randomly divided into 10 groups, 6 animals per group.

Group 1: Ischemic reperfusion (I/R)
Group 2: Sham(Surgical incision)
Group 3: Vehicle

Group 4: Dalbergia latifolia (DL)
Group 5: L-NAME

Group 6: L-NAME + DL

Group 7: Nimesulide

Group 8: Nimesulide +DL

Group 9: Allopurinol

Group 10: Allopurinol + DL
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Induction of cerebral ischemia

Animals were anesthetized by giving thiopentone sodium (45 mg/kg) i.p. Occlusion: Surgical technique for
the induction of cerebral ischemia was adopted from the earlier published method of Anshuman Trigunayat 2009.
Under anesthesia midline incision was given. Common carotid arteries were identified and isolated carefully from
Vago-sympathetic nerve. Ischemia was induced by occluding bicommon carotid arteries (BCCAQ) with thread for 30
min and reperfusion was allowed for 48 hr by removing the thread. Neck incision area was closed with thread using
suture. The DL group animals were given pre-treatment for 7 days p.o (500mg/kg), all the inhibitors were given
(Allopurinol-10mg/kg, L-NAME-10mg/kg and Nimesulide- 20mg/kg) 10 min before occlusion.

After the period of re-perfusion the animals were sacrificed and the brain was decapitated, bio chemical
estimations were carried out. SOD activity was determined by the method developed by Kakkar et al, [21., CAT
activity was measured by the method of Aebi et al, [221.,, MDA activity was measured by the method of Okhawa et al,
[23] and MPO activity was measured by the method of Mullane et al, [24l. Brain tissues were further subjected
histopathological studies and the results obtained were compared.

OBSERVATIONS AND RESULTS

In I/R group: The cerebral levels of MDA and MPO were significantly increased and decreased levels of
SOD and Catalase found (Figure 1-4). The histopathological studies also showed there were neuronal degeneration,
glial cell proliferation, congestion, hemorrhage, lymphocyte infiltration and vacuolation which indicated damage to
the brain (Figure-5).
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Figure 1: Histogram representing effect on cerebral SOD levels after treatment protocol.

In sham group: The cerebral levels of the SOD, CAT, MPO and MDA showed no neurological deficit (Figure
1-4). The histopathological studies also showed there was no neuronal degeneration in the tissue (Figure-6).

In vehicle group: The cerebral levels of SOD, CAT, MDA and MPO were nearer to the values of the I/R group
(Figure 1-4). The histopathological studies also showed neuronal degeneration, congestion and mild vacuolation
(Figure-7).

In Allopurinol group: The cerebral levels of SOD and CAT increased significantly where as the levels of MDA
and MPO significantly decreased when compared to the I/R group (Figure 1-4). The histopathological studies also
supported the biochemical estimations showing minimum damage to the brain, mild vacuolations were seen
(Figure-11).

In Allopurinol+DL group: The cerebral levels of the SOD and CAT increased significantly where as the levels
of MDA and MPO significantly decreased similar to that off the Allopurinol group when compared with the I/R group
(Figure 1-4). The histopathological reports also showed that there was little damage to the brain and along with that
mild congestion was observed (Figure-12).
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Figure 2: Histogram representing effect on cerebral catalase levels after treatment protocol.
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Figure 3: Histogram representing effect on cerebral MDA levels after treatment protocol.
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Figure 4: Histogram representing effect on cerebral MPO levels after treatment protocol.
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Figure 5: Histopathological slide of I/R group. Figure 6: Histopathological slide of sham group.

Figure 9: Histopathological slide of L-NAME group. Figure 10: Histopathological slide of L-NAME+DL group.

In DL group: The cerebral levels of SOD and CAT were significantly increased and the levels of MDA, MPO
significantly decreased when compared with the I/R group (Figure 1-4). The histopathological studies showed
minimum of neuronal degeneration, mild vacuolation relatively lower congestion (Figure-8).

In L-NAME group: The cerebral levels of SOD and CAT decreased where as the levels of MDA and MPO
significantly increased showing damage to the brain (Figure 1-4). The histopathological results showed that there
was a considerable amount of neuronal damage, lymphocyte infiltration and vacuolation (Figure-9).

In L-NAME+DL group: The cerebral levels of SOD and CAT, decreased and the levels of MDA and MPO

significantly increased when compared to the I/R group (Figure 1-4). The histopathological studies also showed the
neuronal degeneration, congestion and vacuolation (Figure-10).
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Figure 11.: Histopathological slide of Allopurinol group. Figure 12: Histopathological slide of
Allopurinol+DL group.

Figure.13: Histopathological slide of Nimesulide group. Figure.14: Histopathological slide of Nimesulide+DL
group.

In Nimesulide group: The cerebral levels of the SOD, CAT were significantly increased and the levels of
MDA, MPO significantly decreased when compared to that of I/R group (Figure 1-4). The histopathological studies
also showed that there was no neuronal degeneration in case of this group and the cellular components seemed to
be normal (Figure-13).

In the Nimesulide+DL group: The cerebral levels of the SOD, CAT were significantly increased and the
levels of MDA, MPO significantly decreased when compared to that of I/R group similar as in Nimesulide group
(Figure 1-4). The histopathological studies also showed not much considerable neuronal damage only mild
vacuolations were seen (Figure-14).0Oxidative stress is believed to be a major source for generation of post cerebral
ischemic injury. Various experimental models of cerebral ischemic reperfusion injury showed significant
neuroprotection when treated with antioxidants [25l. Reactive oxygen species have been denoted as one of the
earliest and most important components of tissue injury after reperfusion of ischemic organ and the extent of brain
injury appears to depend on the experimental pattern of ischemia/reperfusion: free radical production is
continuous during ischemia, while during reperfusion it is primarily confined to the early stage when fresh oxygen is
supplied to the ischemic region. The brain is very susceptible to the damage caused by oxidative stress, due to the
high rate of oxidative metabolic activity, high polyunsaturated fatty acid contents, relatively low antioxidant capacity
and inadequate neuronal cell repair activity. Oxidative damage includes the excessive production of reactive oxygen
species, including lipid peroxidation, protein oxidation and DNA damage, which can lead to cell death. Furthermore,
reactive oxygen species can activate diverse downstream signaling pathways, such as xanthine oxidase (XO)
pathway, over expression of cyclooxygenase-2 (COX-2) and of inducible nitric oxide synthase (iNOS) have recently
emerged as important determinants of post-ischemic inflammation, which contributes to the progression of brain
damage [26]. Lipid peroxidation has been established as a major mechanism of cerebral injury. The
mechanism involves a process whereby unsaturated lipids are oxidized to form additional radical species as well as
toxic by-products that can be harmful to the host system [271. Polysaturated lipids are especially susceptible to this
type of damage when in an oxidizing environment and they can react to form lipid peroxides [28l, Lipid peroxides are
themselves unstable and undergo additional decomposition to form a complex series of compounds including
reactive carbonyl compounds [29]. In the present study we observed increase in the tissue MDA activity in ischemic
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reperfused brain when compared with the sham groups and the results were in agreement with previous studies.
Treatment with Dalbergia latifolia (500mg/kg p.o) alone provided cerebroprotection but still more significant
cerebroprotection was observed when DL was administered along with the Nimesulide (20mg/kg i.p) which showed
the synergistic activity of DL along with Nimesulide. Combined treatment of DL+ L-NAME (10mg/kg i.p) showed no
cerebroprotective activity and DL+Allopurinol (10mg/kg i.p) also showed some cerebroprotective activity indicating
involvement of some Xanthine oxidase property of the DL. Reactive species can be decreased or eliminated by a
number of enzymatic and nonenzymatic antioxidant mechanisms. SOD, which catalyzes the dismutation of the
superoxide anion (02) into hydrogen peroxide and molecular oxygen, is one of the most important antioxidative
enzymes 391, In the present study, SOD and CAT activity decreased in the ischemic reperfused group compare to
sham group and the results were in agreement with previous studies. [30] This may be due to an excessive
formation of superoxide anions. A decrease in SOD activity can result in the decreased removal of superoxide
anions, which can be harmful to the brain. The decline in the enzyme level may be explained by the fact that
excessive superoxide anions may inactivate SOD, thus, resulting in an inactivation of the H202 scavenging enzyme.
The reduced SOD and CAT activity were increased by administration of the DL alone but the activity was significantly
increased when the DL was administered with Nimesulide (20mg/kg). Less effective when given along with the L-
NAME but slightly effective when administered along with Allopurinol (10mg/kg).

Table 1: Results of Bio-Chemical Estimation of Bio-Chemical Markers- Sod, Cat, MDA And MPO.

CAT
SOD MDA
. protein) tissue)
protein)

Sham 2.69+0.2952*** 37.66+6.661"*"* 233.3+18.40*** 0.75+0.0500***

I/R 0.78+0.1515 11.13+1.255 349.2+431.38 1.44+0.1094
Vehicle 0.79+ 0.0909ns 10.98+1.227ns 334.6+5.973ns 1.47+0.0342ns
DL 1.25+ 0.0983*** 21.36+0.8244*** 179.9+3.668*** 0.74+£0.0304***
L-NAME 0.18+ 0.0246*** 8.65+1.557ns 556.5+5.031*** 1.02+0.0612***
L-NAME+ DL 0.20+ 0.0068*** 9.46+0.5040ns 551.5+2.069*** 0.96+0.0370***
ALPR 1.92+ 0.0320*** 40.58+ 0.3488*** 152.3+5.210*** 0.60+£0.0222***
ALPR+ DL 2.16+ 0.0773*** 41.72+ 0.2825*** 142.2+2.072*** 0.62+0.0791***
NLD 2.90+£0.0549*** 75.33+ 2.083"** 137.5+8.407"** 0.82+0.0437***
NLD+ DL 3.78+0.1673*** 104.4+ 0.5260*** 97.05+3.549*** 0.51+0.0528***

Inflammation is an important component of the pathogenesis of cerebral ischemia. Proinflammatory
molecules such as NO synthase-2 (NOS 2), cyclooxygenase-2 (COX 2), chemokines, and adhesion molecules have
been implicated in the development of cerebral ischemic injury. Myeloperoxidase (MPO) is a highly cationic
glycosolated heme enzyme secreted by activated phagocytes at site of inflammation. MPO is an enzyme that is

involved in the production of free radicals. Indeed, MPO uses H202 and NO2 to generate reactive nitrogen species
(311,

The activities of enzyme MPO was also increased in ischemic reperfused group compare to sham group.
Administration of the DL alone shown inhibition of inflammatory mediators but they were significantly inhibited
when DL was administered along with the Nimesulide (20mg/kg i.p). Whereas the L-NAME showed no cerebral
activity but the Allopurinol and DL+Allopurinol groups showed some cerebroprotective activity when compared to
the I/R group.

CONCLUSION

In the present study the mechanism of cerebroprotective action of methanolic extract of bark of Dalbergia
latifolia (DL) was carried out against the global model of ischemia in rats. Biochemical estimations for Super oxide
dismutase, Catalase, Myeloperoxidase & Malondialdehyde and histological examinations were carried out. The
results obtained showed that the Dalbergia latifolia extract is a potent cerebroprotective with a possible
mechanism of Cyclooxygenase (COX) pathway inhibitor, as it shown the synergistic activity along with the COX
inhibitor which may due to flavanoids in the extract.
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