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The effect of alcoholic extract of Nigella sativa was
investigated in rats to evaluate the anti-ulcer activity
by using two models, ie. pyloric ligation and aspirin-
induced gastric ulcer. The parameters taken to as-
sess anti-ulcer activity were volume of gastric secre-
tion, free acidity, total acidity and wulcer index. The
results indicate that the alcoholic extract signifi-
cantly (P <0.001) decreases the volume of gastric
acid secretion, free acidity, total acidity and ulcer
index with respect to control.

NIGELLA sativa Linn., a plant belonging to the family
Ranunculaceae, grows as a small herb and is cultivated
throughout India and other tropical regions of the
world' . It is active as an aromatic, respiratory stimu-
lant, diuretic, hypoglycemic, anti tumour and an analge-
sic*™. The seed contains alkaloids nigellicin, nigellidin,
quanazoline, tannin, steroid oespinasterol, campsterol,
cholesterol, stigmas 7-en-3-beta-ol, stigmasterol and
flavonoids of trigillin quercetin-3-glucoside7711. The
study assumes significance in the context that prolonged
use of synthetic anti-ulcer drugs leads to adverse drug
reactions and a search for new anti-ulcer agents that
retain therapeutic efficacy and are devoid of adverse
drug reaction is warranted. A study of the efficacy of an
extract of N. sativa in gastric ulcer with pylorus ligation
and aspirin-induced ulcers was undertaken in a rat
model.

Seeds of N. sativa Linn. were purchased from the
local market and their identification was confirmed. The
seeds were dried and crushed into coarse powder which
was used for extraction with alcohol (95% v/v) using
Soxhlet apparatus. The extract was evaporated under
vacuum. The extractive value (%w/w) of the alcoholic
dry extract was 4.25%.

Male albino rats weighing between 140 and 175g
were selected for pyloric ligation ulcer model'”. Rats
were divided into three groups, each group consisting of
six animals. Animals were fasted for 24 h. One group
received normal saline 2 ml/kg (negative control), the
second group received ranitidine 20 mg/kg by oral route
(positive control) and the third group received alcoholic
extract of N. sativa (150 mg/kg) by oral route, 30 min
prior to pyloric ligation. Animals were sacrificed 4h
later and the stomach was opened to collect the gastric
contents. The total volume of gastric content was meas-
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ured. The gastric contents were centrifuged at 1000 rpm
for 10 min. One ml of the supernatent liquid was pipet-
ted out and diluted to 10ml with distilled water. The
solution was titrated against 0.01N NaOH using
Topfer’s reagent as indicator, to the endpoint when the
solution turned to orange colour. The volume of NaOH
needed was taken as corresponding to the free acidity.
Titration was further continued till the solution regained
pink colour. The volume of NaOH required was noted
and was taken as corresponding to the total acidity.
Acidity was expressed as:

Volume of NaOH X normality x100
0.1

Acidity = m Eq/1 .

In the aspirin-induced ulcer experiments'?, three groups
of albino rats (150-175g), with each group consisting
of six animals were used. The first group served as a
control group, the second group served as positive con-
trol and the third group served as the test group. The
second and third groups were treated respectively with
ranitidine (20 mg/kg) and alcoholic extract of seed of N.
sativa (150 mg/kg), orally for 8 days. Control animals
received normal saline (2 ml/kg) for 8 days. After 8
days of treatment, animals were fasted for 24 h. Ulcer
was produced by administration of aqueous suspension
of aspirin (a dose of 200 mg/kg orally) on the day of
sacrifice. The animals were sacrificed 4h later and
stomach was opened to calculate the ulcer index by
Kunchandy method'*.

The effect of alcoholic extract of N. sativa on pylorus
ligated rat and aspirin-induced ulcer models is presented
in Tables 1 and 2, respectively. The results of the pre-
sent study indicate that the alcoholic extract signifi-
cantly reduces the total volume of gastric juice, free and
total acidity of gastric secretion and also has activity
against gastric ulcers in rats.

The control animals had ulcers and haemorrhagic
streaks, whereas in animals administered with the ex-
tract of N. sativa there was significant reduction in ulcer
index (P < 0.001) (Figure 1).

It is generally accepted that gastric ulcers result from
an imbalance between aggressive factors and the main-
tenance of the mucosal integrity through endogenous
defence mechanisms'®. The excess gastric acid forma-
tion by prostaglandin (PG) includes both increase in
mucosal resistance as well as a decrease in aggressive
factors, mainly acid and pepsin'®. Inhibitions of PG syn-
thesis by aspirin coincide with the earlier stages of
damage to the cell membrane of mucosal, parietal and
endothelial cells'”. The preliminary phytochemical stud-
ies revealed the presence of flavonoids in alcoholic ex-
tract of N. sativa; various flavonoids have been reported
for its anti-ulcerogenic activity with good level of gas-
tric protection'®'?. So the possible mechanism of anti-
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Table 1. Effect of alcoholic extract of Nigella sativa Linn. on gastric ulcer induced by pylorus ligation in rats

Volume of gastric

Design of treatment Dose secretion (ml/100 g  Free acid (mEq/1) Total acid (mEq/1) Ulcer score
Control (normal saline) 2 ml/kg 8.510.22 25.6 £ 0.04 60 = 0.30 2.810.07
Ranitidine 20 mg/kg 4.11£0.01 9.1£0.02 20.3£0.19 1.0 £0.08
Alcoholic extract of Nigella sativa 150 mg/kg 5.1 £0.01%* 10.4 £0.03* 30.6 £ 0.01* 1.4+0.01*

n =6 animals in each group; Values are mean £ SEM; *P < 0.001 when compared with control; P value was calculated using Student’s ‘¢’ test.

Table 2. Effect of alcoholic extract of Nigella sativa Linn. on aspirin-induced gastric ulcer in rats

Group Design of treatment Dose Ulcer score  Percentage protection from ulcer
I Control (normal saline) 2 ml/kg 3.21+0.33 -

II Ranitidine 20 mg/kg 1.0 £ 0.01 68.75

111 Alcoholic extract 150 mg/kg 1.6 £ 0.012* 50.00

n = 6 animals in each group; Values are mean + SEm.
*P <0.001 when compared with control.

Figure 1. Stomach of a, control animal — pylorus ligated ulcer in rat; b, test drug treated animal — pylorus ligated ulcer in rat; ¢, control ani-
mal — aspirin-induced gastric ulcer in rat; d, test drug treated animal — aspirin-induced gastric ulcer in rat.
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Folding and unfolding of chicken
villin headpiece: Energy landscape of
a single-domain model protein
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Folding and unfolding of a thermostable chicken vil-
lin headpiece subdomain, a 36-residue protein (HP-
36), is studied by wusing Brownian dynamics simula-
tions. The hydropathy scale of amino acids is used to
obtain the varying interactions among the amino
acids. A qualitative picture of the energy landscape
funnel is obtained from simulations. Although there
are several states near the minimum of the folding
funnel, we could identify a stable native configura-
tion. The energy of the folded protein scales with the
hydrophobic contact parameter, as found in recent
analyses. The model also allows for a description of
cold denaturation by the salt-induced modification of
the ‘effective’ interactions among the various amino
acids. In this model, the kinetics of denaturation is
found to be considerably different from that of fold-
ing—folding, seems to face more barriers and involves
a more complex pathway.

THE folding of an extended, unfolded protein to its
unique three-dimensional folded native state is a highly
complex problem which has attracted a great deal of
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interest in recent yearsld. Recent theoretical studies

have suggested that the size, stability and the topology
of a protein influence the folding rate and mecha-
nisms>*, Recently, the concept of the free-energy land-
scape-guided folding5 has been introduced, which has
drawn a lot of attention. However, it is fair to say that a
quantitative understanding of many facts of the protein-
folding problem is still not within our reach.

Early statistical mechanical theories of protein fold-
ing have considered single-domain proteins“’6 because
of their simplicity. These initial theories were followed
by a series of studies, which vastly improved our under-
standing of protein folding7’8. For example, Zwanzig et
al.” showed that a small energy bias (of the order of a
few kpT against the locally unfavourable configurations
can reduce the Levinthal’s time to a biologically sig-
nificant size. Later, Zwanzig® extended this model by
introducing the reversible accessibility of the final
folded state to study the kinetics of protein folding.
Onuchic e al® have introduced and elaborated on the
concept of energy landscape. According to this latter
development, the folding kinetics is determined by an
energy landscape and for foldable proteins this resem-
bles a funnel with a free energy gradient towards the
native structure. The introduction of the concept of
folding funnel provided a much-needed breakthrough in
understanding the pathways of protein folding.

Duan and Kollman®’ carried out the first ever one-
microsecond simulation of a protein in aqueous solu-
tion. They have studied the thermostable chicken villin
headpiece subdomain, a 36-residue protein (commonly
known as HP-36 protein) in the aqueous solution by
explicit representation of water molecules. They found
a native-like structure with two pathways.

Earlier, Shakhnovich and coworkers have per-
formed a lattice model simulation study and obtained
the density of states. Their 3-dimensional figures (with
energy, number of topological contacts and number of
configurations as the coordinates) had a nice funnel-like

10,11

structure. However, for a continuum (that is, off-lattice)
model like the one treated here, the problem is more
difficult. In particular, it is a difficult task to simulate
folding of a model protein by the conventional simula-
tion techniques such as molecular dynamics/Monte
Carlo or all-atom simulation’ or even by the Langevin
dynamic simulations'?. To overcome these difficultics
we use the off-lattice Brownian dynamics (BD) simula-
tion technique. BD simulation has the advantage that it
does not include the detailed description as all-atom
simulations (that is, does not include water molecules),
but includes the qualitative features by an implicit rep-
resentation through the intermolecular interactions
which are now modified to reflect the hydrophobicity of
each amino acid. In this study we report the construc-
tion of an energy landscape by carrying out the BD
simulation study of a minimalist model HP-36 protein.
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