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ABSTRACT

Zingiber rubens Roxb. (Family: Zingiberaceae) has been traditionally used against diarrhea, fever, cold, infection, etc. in
human. The present study was aimed to investigate phytochemical screening, antidiarrheal, thrombolytic and antibacterial
effect of methanol extract of leaves of Z. rubens. Phytochemical screeing was performed according to common
phytochemical tests. Antidiarrheal effect was evaluated by castor oil-induced diarrhea method at three different
concentrations in mice. Five different concentrations were used for in vitro clot lysis assay of human blood and
antibacterial activity was evaluated by disk diffusion assay at five different concentrations against two Gram-negative
(Escherichia coli and Pseudomonas aeruginosa) and two Gram-positive (Micrococcus luteus and Staphylococcus aureus)
bacteria. Phytochemical screening showed presence of reducing sugars, anthraquinones, flavonoids, terpenoids, saponins,
tannins, alkaloids and cardiac glycosides. In case of antidiarrheal activity, the extract asserted evacuation indices (El) of
16.14, 15.57 (p<0.001), 12.71 for 100, 200 and 400 mg/ml of extract respectively where loperamide showed 5.14
(p<0.001). Percentage of clot disruptions were 47.21 (p<0.05), 39.59 (p<0.05), 35.31, 32.24 (P<0.01), 24.88 (p<0.05) and
55.93 (p<0.001) for 10, 8, 6, 4, 2 mg/ml extract and streptokinase respectively. The extract did not possess any activity
against bacteria. Based on the phytochemical and results from in vivo and in vitro activities, the leaves of Z. rubens was
found to be a potential source of new antidiarrheal and thrombolytic agents but it was found to have no antibacterial activity.
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INTRODUCTION

In recent time, phytomedicines have drawn significant
attention as therapeutic agents giving wide range of
treatment options to diseases considering more beneficial
than synthetic drugs. They are usually of low cost having
fewer adverse effects and better efficacy in multidrug
resistant outbreaks'. Phytomedicines impart their
therapeutic potentialities by a variety of compounds such
as alkaloids, saponins, carbohydrates, glycosides,
flavonoids, gums, steroids, terpenoids, phenolic
compounds, volatile oils etc. extracted from numerous
species of medicinal plants?. Different parts of these
medicinal plants are traditionally used as folk medicine in
different geographic regions. Therefore, it is necessary to
establish scientific evidences for therapeutic use of such
medicinal plants. Zingiberaceae is a family of flowering
plants made up of about 52 genera with a total of about
1600 known species®®. The family is chiefly distributed
throughout tropical Africa, China, Nepal, India,
Bangladesh, Thailand, Indonesia, Malaysia, Singapore,
Brunei, the Philippines and Papua New Guinea and the
Americas®’. Zingiber rubens Roxb. known locally as
“Bengal Ginger”, is a wild medicinal herb, which belongs
to a family called Zingiberaceae. This plant is widely

found in Bangladesh, India, Myanmar, Thailand,
Vietnam®®. Bengal Ginger leafy stems grow up to 6 ft. tall.
Different parts of the plant have extensive uses in folk
medicines for the treatment of various diseases such
diarrhea, fever, cough, cold, infection etc.!®!!. Another
widespread species from same genus (Zingiber) in the
same geographical region- Zingiber officinale Rosc. was
reported to have antidiarrheal, thrombolytic and
antibacterial effects>5, Very few research works covering
partial phytochemical and pharmacological studies of root
and rhizome of Zingiber rubens Roxb. were reported*6%”,
no phytochemical and pharmacological studies on leaves
have been performed. This study deals with phytochemical
screening and therapeutic evaluations as antidiarrheal,
thrombolytic and antibacterial effects of leaves of Zingiber
rubens Roxb.

MATERIALS AND METHODS

Drugs and chemicals

All chemicals and reagents used in this study were of
analytical grade. Methanol (Merck, Germany) was used as
a solvent during extraction. Sulphuric acid, choloroform,
ammonia, ferric chloride, glacia acitic acid were excerpted
from Merck, Germany. Standard streptokinase were
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Table 1: Phytochemical constituents of leave of
Zingiber rubens Roxb.

Test Leave of Zingiber rubens
Roxb.
Reducing sugar +
Anthraquinone +
Terpenoids +
Flavonoids +
Saponins +
Tannins +
Alkaloids +
Cardiac glycosides +

‘+’ indicates presence of the componenent

collected from Popular Pharmaceuticals Limited,
Bangladesh. Amikacin disc for antibacterial assay was
procured from Becton, Dickinson and Company (Franklin
Lakes, New Jersey, USA). Loperamide (Square
Pharmaceuticals Limited, Bangladesh), castor oil
(WELL’s Heath Care, Spain), olive oil ( olitalia, Italy) and
normal saline solution (0.9% NaCl, manufactured by
Shazeb Pharmaceutical Industries, Bangladesh ) were also
used in this research.

Plant materials

Zingiber rubens was collected from rural region of
Mowlobibazar, Sylhet district, Bangladesh on end of May
2017 and was identified by National Herbarium Institute,
Mirpur, Dhaka, Bangladesh. (Accession number: DACB-
44932).

Extraction

After collection of whole plants of Z. rubens was
thoroughly washed with water. Then the selected plant part
was dried and powdered. About 500 g of the powdered
materials of plant was taken separately in a clean, flat
bottomed glass container and soaked in 1500 ml of 80%
methanol at room temperature for three weeks
accompanying occasional shaking and stirring. Then the
solution was filtered using filter cloth and Whatman filter
paper (Bibby RE200, Sterilin Ltd., UK ) and concentrated
with a rotary evaporator (RE-EV311-V, LabTeck S.R.L,
Italy). It rendered a gummy concentrate of greenish black
color. The gummy concentrate was designated as crude
methanol extract.

Experimental animals

All animal procedures and experimental protocols were
approved by the Research Ethics Committee of the
institution and were carried out in accordance with the
Guide for the Care and Use of Laboratory Animals*®. Six-
seven weeks old Swiss albino mice of both sexes with
mean body weight 25 + 5.0 g were procured from Jahangir
Nagar University, Savar, Bangladesh. The animals were
housed as 4 in 1 polycarbonate cage at a temperature (23 +
1) °C and humidity (55-60%)-controlled room with a 12-h
light-dark cycle. Animals were fed with a commercial rat
pellet diet ad libitum during the entire experimental period.
Ethical review board has approved to collect human blood.
Phytochemical screening

Phytochemical screening were perfomed using standard
procedures described by Evans, 2009%° and Ayoola et al.,
20082,

Test for reducing sugars (Fehling’s test)

0.5 g of methanol extract in 5 ml of water was added to
boiling Fehling’s solution (A and B) in a test tube and was
observed for change of colour.

Test for anthraquinones

0.5 g of extract was boiled with 10 ml of sulphuric acid and
filtered while hot. The filtrate was then shaken with 5 ml
of chloroform. The chloroform layer was pipetted into
another test tube and 1 ml of dilute ammonia was added. A
rose pink to red colour indicated presence of
anthraquinones.

Test for terpenoids (Salkowski’s test)

0.5 g of extract was added to 2 ml of chloroform. 3 ml of
Concentrated sulphuric acid was added carefully and a
reddish brown ring at the interfaces demonstrated the
presence of terpenoids.

Test for flavonoids

5 ml of dilute ammonia was added to an aliquot of aqueous
filtrate of extract followed by addition of 1 ml of
concentrated sulphuric acid. The mixture turned yellow
that disappears on standing indicating presence of
flavonoids. Presence of flavonoids was further confirmed
by addition of few drops of 1% aluminium solution to a
portion of the filtrate. A yellow colouration indicates the
presence of flavonoids.

Test for saponins

0.5 g of extract was added 5 ml of distilled water in a test
tube. The solution was shaken vigourously and observed
for a stable persistent froth. Then 3 drops of olive oil was
added and again shaken vigourously after which it was
observed for the formation of an emulsion.

Test for tannins

0.5 g of the extract was boiled in 10 ml of water in a test
tube and then filtered. A few drops of 0.1% ferric chloride
was added and observed for brownish green or a blue-
black colouration.

Test for alkaloids

0.5 g of extract was diluted to 10 ml with acid alcohol,
boiled and filtered. To 5 ml of the filtrate was added 2 ml
of dilute ammonia. 5 ml of chloroform was added and
shaken gently to extract the alkaloidal base. The
chloroform layer was extracted with 10 ml of acetic acid.
This was divided into two portions. Mayer’s reagent was
added to one portion and Draggendorff’s reagent to the
other. The formation of a cream (with Mayer’s reagent) or
reddish brown precipitate (with Draggendorff’s reagent)
was regarded as positive for the presence of alkaloids.
Test for cardiac glycosides (Keller-Killiani test)

0.5 g of extract was added to 5 ml in water followed by 2
ml of glacial acetic acid containing one drop of ferric
chloride solution; then, 1 ml of concentrated sulphuric acid
was added. A brown ring at the interface indicated the
presence of a deoxysugar characteristic of cardenolides. A
violet ring may appear below the brown ring, while in the
acetic acid layer a greenish ring may form just above the
brown ring and gradually spread throughout this layer.
Effect on Castor oil induced diarrhea

The male Swiss mice’s were divided into five groups (n =
7). First group were orally treated with vehicle saline (10
ml/kg) and seecond group was orally treated with
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Table 2: Effect of methanol extract of leaves of Zingiber rubens on diarrhea induced by castor oil in mice.

Treatment Dose N Initial Evacuation Classification Evacuation Inhibition?
(mg/k Evacuation Normal Semi-solid  Liquid Index (EI) (%)
a)
Vehicle - 7 132.29 + 171+.29 3.00+.31 5.53+.30% 24.00 + 1.09%# -
10.77##
Loperamide 5 7 290.86 + 157+90 114+.70 0.43+.43™ 514+235™ 79
9.14™
ME 100 7 156.14 + 200+.65 271+.42 3.00+.49"#% 16.14 + 2.46 33
13.72%#
200 7 188.14 + 443+57° 129+ .52 2.85 + 15.57 + 35
24.32% 407 1.00™"#
400 7 21471+£2270 229+.94 157%.61 2.42 + .90 12,71 £3.30 47

Here, ME stands for methanol extract and Data are presented as mean + S.E.M. ANOVA was employed, followed by
Dunnett’s test and significant differences were represented by *p<0.05, **p<0.01, ***p<0.001 vs control group treated
with vehicle. For classification of evacuations and calculation of EI, Kruskal Wallis followed by Dunn. @ Inhibition in
relation to evacuation index. #*p<0.05 and *#p<0.001 in relation to the loperamide.

loperamide (5 mg/kg). Third to fifth group were orally
treated with methanol extract of leaves of Z. rubens at 100,
200 and 400 mg/kg accordingly. Castor oil (0.2 ml/animal)
was administered after 30 minutes. Immediately after
administering castor oil, each animal was kept in an
individual cage with a floor lined with blotting paper and
observed for 5 hours. The following parameters were
monitored: time to initial evacuation, evacuation
classification: 1 (normal stool), 2 (semi-solid stool), and 3
(watery stool) and evacuation index (El). EI value was
calculated according to the following formula: EI=1 x (no
1. stool 1)+2 x (no 2. stool)+3 x (no 3. stool)?*?2,
Percentage of inhibition of diarrhea was calculated as (El
of vehicle -El of sample) x 100/(El of vehicle).

Thrombolytic activity

The thrombolytic activity of plant extracts was evaluated
by the method developed by Prasad et al.?® with
modification to use streptokinase as standard?*2>.

Red blood cells (RBC) collection

Human RBCs were collected for conducting thrombolytic
assay. Male volunteers- weighing average 65 and free from
diseases were selected to collect RBCs (using a protocol
approved by Institutional Ethics Committee).

Specimen

Five different concentrations were used to evaluate the
thrombolytic activity of the plant extract. The extract of
plants was dissolved in water and shaken vigorously on a
vortex mixer to prepare different concentrations (2, 4, 6, 8
and 10 mg/ml respectively) of the test sample. The

% Inhibition of diarrhea by methanol extract of leaves of Zingiber rubens
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Figure 1: Effect of methanol extract of leaves of Z. rubens (100 mg/kg, 200 mg/kg and 400 mg/kg) with positive and
negative control on % inhibition of diarrhea. % of inhibition were shown at the top of the bar of corresponding sample.
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Table 3: Effects of different concentrations of methanol
extract of leaves of Z. rubens on in-vitro clot lysis.

Treatment Concentration ~ % of clot lysis for
human blood
(mean = SEM)
Water 1.20 + 0.60%#
Streptokinase 1,50,000 .U.  55.93 +£0.93™
ME 2 mg/ml 24.88 + 2.49"#
4 mg/ml 32.24 £1.30™#
6 mg/ml 35.31+451
8 mg/ml 39.59 + 2.60"
10 mg/ml 47.21 + 4.50"

Here, ME stands for methanol extract and data was
presented as mean £+ SEM. ANOVA was employed,
followed by Dunnett’s test and significant differences
were represented by *p<0.05, **p<0.01, ***p<0.001 vs
control group treated with vehicle. Distilled water was
employed as negative control and streptokinase was
employed as positive control. #p<0.05, #*p<0.01 and
##p<0.001 in relation to the Streptokinase. For
streptokinase, 100 pl contained 1,50,000 I.U.

suspension was kept overnight and decanted to remove the
soluble supernatant, which was filtered through a 0.22-

micron syringe filter. 100 pl of the plant extract with
different concentrations were added to the eppendorf tube
which contained the clots to check thrombolytic
activity®®?*, Streptokinase was employed as positive
control and water was employed as negative control.
Thrombolytic assay

During this study, 7 ml of venous blood was drawn from
healthy volunteers (n = 3) and transferred to different pre-
weighed sterilized eppendorf tube. The eppendorf tubes
were incubated at 37 °C for 45 minutes. After formation of
a clot, serum was completely discarded from the tubes
(carried out without disturbing the clot formed). Each
eppendorf tube was weighed to determine weight of the
clot. Each eppendorf tube was appropriately labeled and
100 pl of the plant extract with various concentrations (2,
4, 6, 8 and 10 mg/ml respectively) was added to the tubes
accordingly. 100 pul of streptokinase and 100 pl of water
were distinctly added to the control tubes numbered. The
tubes were incubated again at 37 °C for 90 minutes and
observed for clot lysis. After the following incubation, the
obtained fluid was discarded from the tubes. They were
again weighed to observe the weight of released clot?3%*,
Every test samples were examined in triplicate. Finally, the
result was expressed as percentage of clot lysis which is
calculated by the following equation-

% of clot lysis = (weight of released clot/clot weight) x
100%

100 1 % of Clot lysis by methanol extract of leaves of
Zingiber rubens
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Figure 2: Effect of methanol extract of leaves of Z. rubens (2, 4, 6, 8 and 10; all concentrations were in mg/ml) with
positive and negative control on % clot lysis on human blood. Water and Streptokinase were used as negative and positive
control respectively. Values are expressed as Mean + SEM and all data were analysed using ANOVA followed by
Dunnett’s test and significant differences were represented by *p<0.05, **p<0.01, ***p<0.001 vs control group treated
with vehicle. Distilled water was employed as negative control and streptokinase was employed as positive control.
#p<0.05, #p<0.01 and #p<0.001 in relation to the Streptokinase.
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Table 4: Antibacterial activity of methanol extract of leaves of Z. rubens.

Microorganism

Mean inhibition zone (mm)

Standard Leaves extract

(Amikacin)

0.03 5 1 0.5 0.25 0.1
mg/disc mg/disc mg/disc mg/disc mg/disc mg/disc

Gram Negative
Pseudomonas aeruginosa 23+00 -

Escherichia coli 23+£00 -
Gram Positive

Micrococcus luteus 19+ 00 -
Staphylococcus aureus 24 +00 -

‘-¢ indicates no effect; values are means £ S.E.M (n = 3)

Antibacterial assay

Microorganisms

A total of four different microorganisms were used to
examine antibacterial potentials of methanol extract of
leaves of Zingiber rubens leaves. Two species of Gram-
negative bacteria (Escherichia coli ATCC 25922 and
Pseudomonas aeruginosa ATCC 15422) and two species
of Gram-positive bacteria (Micrococcus luteus ATCC
4698 and Staphylococcus aureus ATCC 2592) were used
as test microorganisms. All of these bacteria were
collected from International Centre for Diarrheal Disease
Research, Bangladesh.

Disc-diffusion assay

Methanol extract of leaves of Zingiber rubens were
subjected to antibacterial test using the disc-diffusion
method as described by?®. Bacterial stock cultures were
prepared by inoculating Mueller Hinton Agar plates with
commercial bacteriological loops containing the test
organisms, and then incubating the plates at 37 °C for 24
h. Microbial suspensions were prepared in nutrient broth
media for bacteria, and incubated at 37 °C for 24 h.
Turbidity of each culture was then adjusted to a similar
optical density to that of McFarland 0.5. The standardized
cultures were inoculated onto agar plates by swabbing
uniformly over the entire surface of the medium. Sterile
paper discs (6 mm diameter, made from Whatman No. 1
filter) impregnated with 10 pL of plant extract (10 -500
mg/mL) and a negative control- distilled water was then
placed carefully on the surface of the inoculated agar plate
with slight pressure. Standard antimicrobial disc
(Amikacin 30 pg/disc) was used as positive control. The
plates were then incubated at 37 °C for 24 hours for
bacterial strains. Zone of inhibition including the disc was
measured in mm as an indication of the antibacterial
activity. All the test concentrations were run in triplicate.
Statistical analysis

The data from antidiarrheal, thrombolytic assay and
antibacterial assay were expressed as Mean + Standard
Error Mean and analyzed by one-way analysis of variance
(ANOVA) followed by Dunnett ‘t’ test using SPSS
software of 20 wversion. p < 0.05 was considered
statistically significant.

RESULTS AND DISCUSSIONS

Phytochemical screening

Phytochemical composition of leaves of Zingiber rubens
Roxb. are shown in Table 1. The therapeutic effects of
plant materials generally result from the combination of
secondary metabolites. These secondary metabolites are
not only essential in the cell structure, but often are
involved in the protection of plants against biotic and
abiotic stresses. Natural products, as pure compounds or
standardized extracts, provide unlimited opportunities for
the drug discovery because of the unmatched availability
of chemical diversity inside the plants. Bioactive
compounds are normally accumulated as secondary
metabolites in all plant cells but their concentration varies
according to the plant parts, seasons, climates, extracting
solvent in plant and particular growth phases?’. Leaves are
one of the highest sources of accumulation and are highly
beneficial . The phytochemical screening showed that the
leaves of Zingiber rubens contain reducing sugars,
anthraquinones, flavonoids, terpenoids, saponins, tannins,
alkaloids and cardiac glycosides. Plant extracts containing
tannin, flavonoids, alkaloids, saponins and steroids have
been reported to possess anti-diarrheal activity?®2°,
Steroids have a wide variety of effects that affect the
development, activity and plasticity of the nervous system
and modulate pain®. Saponins are natural detergents that
prevent cholesterol reabsorption and thus reduces blood
cholesterol levels in humans®. They also have anti-
inflammatory, expectorant, immune stimulating, and
antineoplastic effects®. Flavonoids are effective as
antioxidant and antiplatelet®>3®. Glycosides are known to
lower the blood pressure according to many reports®.
Effect on castor oil- induced diarrhea

We evaluated the effect of methanol extract of leaves of Z.
rubens on castor oil induced diarrhea. All mice from the
control group (treated with vehicle) produced diarrhea
after castor oil administration. The decrease in the severity
of the diarrhea was measured by the evacuation index (EI).
Treatment with different doses of ME before the cathartic
agent (castor oil) significantly decreased liquid evacuation
similar to the results produced by our positive control-
loperamide. Negative control showed the evacuation index
of 24 (p<0.001) which was greatly reduced in case of
positive control (5.14; p<0.001). The trend in reduction in
evacuation indices was also observed at 100 mg/kg, 200
mg/kg and 400 mg/kg of plant sample producing El of
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16.14, 15.57 (p<0.001) and 12.71 respectively (Table 4).
When calculating percentage of inhibition (Section 2.7), it
was observed that the values were increased as the dose
had been increased i.e. pre-treatment with ME of Z. rubens
leaves (100, 200 and 400 mg/kg) induced a significant
delay in the onset of diarrhea (33, 35 and 47% respectively,
relative to the vehicle) as shown in Table 2 and Figure 1.
Thus, the higher the dose of the extract (400 mg/kg), the
better effect was observed compared to any of the groups.
The result was in concord with two other species of same
family; aqueous extract of rhizome powder of Z. officinale
possesses good antidiarrheal activity which support the
traditional use of the plant in the treatment of diarrhea®.
Also, diethyl ether extract of Z. chrysanthum rhizome
demonstrated potent anti-diarrheal drug®®.

Thrombolytic activity

The effect of methanol extract of leaves of Z. rubens on in-
vitro clot lysis are tabulated in Table 3 and Figure 2. Our
present study was an attempt to compare the clot lysis
potentiality of methanol extract of leaves of Z. rubens.
Comparison of positive control (streptokinase) with
negative control (water) clearly demonstrated that clot
dissolution did not occur when water was added to the clot.
Encouraged by the result of the positive control, we
compared five different concentrations of the test sample
with the negative control and observed significant
thrombolytic activity. From Table 3, it is evident that
percentage of clot lysis was 55.93% (p<0.001) when 100
I of streptokinase (1,50,000 I.U.) was used as a positive
control, while in the case of water (negative control) the
percentage of clot lysis was negligible (1.20%) and highest
concentration (10 mg/ml) of extract showed nearly equal
potentiality (47.21%) as streptokinase (Figure 2).
Percentage of clot lysis were increased in a dose-
dependently manner for this plant extract. Percentage of
clot lyses were 24.88 (p<0.05), 32.24 (p<0.01), 35.31,
39.59 (p<0.05) and 47.21 (p<0.05) for 2, 4, 6, 8 and 10 (all
in mg/ml) respectively of extract (Figure 2). The values
were found statistically significant tested by ANOVA
followed by Dunnett’s test. It was reported that
phytochemicals like saponin, alkaloids, and tannin are
responsible for the thrombolytic activity®”-%°. As methanol
extract of this plant possess saponin, alkaloids; thus,
similar to other species, those compounds may play role in
demonstrating the thrombolytic activity of this plant. The
result also agrees with previous reports where aqueous
extract of Z. cassumunar rhizomes exhibited moderate
thrombolytic activity*® Z. officinalis was found to have
strong inhibitory effect on platelet aggregation®.
Antibacterial activity

Disc-diffusion method was used to evaluate the
antibacterial activity of the methanol extract of leaves of Z.
rubens against two Gram-positive and two Gram-negative
bacteria. Results of antibacterial activity are shown in
Table 4. None of the concentrations of methanol extract of
Z. rubens showed antibacterial activity against the test
organisms S. aureus, Micrococcus luteus, E. coli and P.
aeruginosa. Similar observation was also reported by
Ghasemzadeh et al.?, where the stem extracts of Z.
zerumbet did not show any antibacterial activity against P.

aeruginosa and E. coli. Leaf extract of Z. spectabile had
no antibacterial effect whereas the rhizome extract of Z.
spectabile exhibited weak activity against Escherichia
coli, Salmonella enteritidis, Salmonella typhi, Salmonella
typhimurium, Shigella flexneri, Klebsiella pneumoniae,
Pseudomonas aeruginosa and Staphylococcus aureus®.
Diethyl ether extracts of Z. officinale showed resistance
against P. aeruginosa, Listeria monocytogenes,
Salmonella typhimurium and E. coli*. In contrast to
present study, aqueous leaf and rhizome extracts of Z.
zerumbet showed mild antibacterial activity against both
Gram-positive (Staphylococcus aureus, Bacillus subtilis,
Listeria monocytogenes) and Gram-negative (Escherichia
coli, Salmonella typhimurium and Pseudomonas
aeruginosa) bacteria strains*,

CONCLUSION

To the best of our knowledge, this is the first report about
phytochemical screening and evaluation of in vivo
antidiarrheal, in vitro thrmbolytic and antibacterial activity
of methanol extract of leaves of Z. rubens. The result of
this study shows the presence of some phytochemicals
which  may be responsible for pharmacological
effect. These findings suggest that the plant may be a
potential source for the development of new antidiarrheal
compound. Also the obtained results confirmed the
presence of thrombolytic element in the leaves of Z.
rubens; but no antibacterial activity which does not support
the traditional use of this plant in various diseases caused
by pathogenic microorganisms. The plant is widespread in
different regions of Bangladesh. Thus, upon extensive
chemical characterization of the leaves of this plant, it
would be a great source of antidiarrheal and clot lysing
compounds which could offer low-cost and -easily
obtainable drugs for these disorders to our countrymen.
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