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Abstract

Background: The root-bark of the medicinally important plant Zanthoxylum budrunga (ZBRB) brooks a variety of

uses in ethnobotanical and ethnomedicinal practice in Bangladesh and thus demands biological investigation to

reveal its therapeutic potentiality. So, the present study was perpetrated to explore antioxidant, analgesic,

antidiarrhoeal, and a cytotoxic activity of ethanolic root-bark extract of Zanthoxylum budrunga and was also to

quantify the major bioactive polyphenolic constituents by HPLC analysis.

Methods: Total phenolic content was measured spectrophotometrically by using Folin Chiocalteu’s reagent while

in vitro antioxidant activity was determined by means of 2, 2-diphenyl-1-picrylhydrazyl (DPPH) free radical

scavenging assay and reducing power assay. HPLC analysis was performed to identify and quantify the major

bioactive polyphenolic constituents present in the extract. Acetic acid induced writhing test and hot-plate test were

conducted to evaluate the analgesic activity of the crude extract. On the other hand, in vivo antidiarrheal

potentiality was investigated by using experimentally castor oil induced diarrhoea in mice and brine shrimp

lethality bio-assay was implemented to check the cytotoxic potentiality of the crude extract.

Results: Zanthoxylum budrunga showed DPPH scavenging activity (IC50 54.27 μg/mL), while the total phenolic

content was 647.91 mg GAE/100 g of extract. ZBRB also showed concentration dependent ferric reducing power

activity. At the doses of 250 and 500 mg/kg, ZBRB exhibited statistically significant (P < 0.001) inhibition of writhing in

test mice (64.58 and 77.78%, respectively). In hot-plate test, ZBRB, at the above dose levels, significantly (P < 0.001)

prolonged pain threshold with response time of 5.80 and 6.81 s, respectively. In castor oil induced diarrhoeal episode

in mice, ZBRB exhibited 66.56% and 83.39% inhibition of defecation at the doses of 250 and 500 mg/kg, respectively

(P < 0.001). The LC50 (Median lethal concentration) value of ZBRB in brine shrimp lethality bioassay was found to be 21.

84 μg/mL. In the HPLC analysis, (+)-catechin, caffeic acid and quercetin were detected with the concentration of 17.

94 mg/100, 3.72 mg/100 and 11.95 mg/100 g of ethanolic extract of ZBRB, respectively.

Conclusion: The results rationalize the uses of the plant in traditional medicine for diarrhoeal as well as pain

management. Catechin, caffeic acid, and other phenolics constituents might have some function in the observed activity.
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Background

Zanthoxylum budrunga Wall (Syn: Zanthoxylum rhesta

Roxb.) belongs to the family Rutaceae. It is a medium

sized deciduous tree, 12–30 m tall and native to sub-

tropical areas. It has armed branches with ascending or

straight prickles. In Bangladesh it is called “Bajna” and

widely found in Sylhet, Chittagong hill tracts, Cox’s

Bazar, Gazipur and Tangail [1, 2]. It also grows in

Thailand, Malaysia, Sri Lanka, Myanmar, Indo-China,

Philippines, Java, India and Papua New Guinea. The

stem bark and fruits are aromatic, astringent, carmina-

tive, antiemetic, stimulant and prescribed with honey in

rheumatism. Essential oil of leaves is used in cholera and

juice of the bark is beneficial in cough, dysentery, vomit-

ing and headache [2]. Previously, quinazoline alkaloids,

and a monoterpene triol named trihydroxy-p-menthane

were isolated from Z. budrunga [3]. The antimicrobial

and cytotoxic activity of chloroform extract of the bark

was evaluated and reported [4]. Thirty four compounds

including terpinen-4-ol, α-terpineol, sabinene, β-phellan-

drene and 2-undecanone were identified in the volatile

oil of Z. budrunga seed coat [5]. As no evaluations have

been reported on the root bark of Z. budrunga so far

prompt us to investigate antioxidant, analgesic, antidiar-

rheal, cytotoxic activity and HPLC profiling of the etha-

nol crude extract of the aforementioned plant parts to

justify the medicinal use of this part as cholinergic and

spasmolytic agent [6].

Methods

Chemicals and reagents

Gallic acid, ascorbic acid, tricholoroacetic acid, potassium

ferricyanide, ferric chloride, acetic acid, sodium mono-

basic phosphate, sodium dibasic phosphate, sodium car-

bonate and sodium chloride were purchased from Merck,

Germany. DPPH, Folin-Chiocalteu’s reagent was obtained

from Sigma-Aldrich, USA. Vincristine sulphate was col-

lected from Cipla, India, diclofenac sodium from Beximco

Pharmaceuticals Ltd., Bangladesh, and morphine from

popular Pharmaceuticals Ltd., Bangladesh. For HPLC ana-

lysis, 11 (eleven) known phenolic compounds, gallic acid

(GA), (+)-catechin hydrate (CT), vanillic acid (VA), caffeic

acid (CA), (−)-epicatechin (EC), p-coumaric acid (PCA),

rutin hydrate (RH), ellagic acid (EA), myricetin (MC),

kaempferol (KF) and quercetin (QU) were used and pro-

cured from Sigma–Aldrich (St. Louis, MO, USA). Solvents

used as mobile phase in HPLC were acetonitrile (HPLC

grade), methanol (HPLC grade) and acetic acid (HPLC

grade) was purchased from Merck (Germany).

Plant material and extraction procedure

The root bark of Z. budrunga was collected from Tan-

gail, Bangladesh in September’ 2011. The plant materials

were authenticated by the experts at Bangladesh

National Herbarium, Dhaka, Bangladesh. For further ref-

erence, a voucher specimen (DACB 37522) has been

submitted. The root-barks were washed and separated

from other plant materials as well as chopped into small

pieces following shed drying. The dried root barks were

ground into a fine powder with the help of a mechanical

grinder and macerated in 95.00% ethanol for 2 days with

occasional shaking and stirring. It was filtered through a

cotton plug to collect clear filtrate. Solvent was evapo-

rated from the filtrate to get the crude extract. The root

bark yielded 1.35% extract of dried plant material.

Experimental animal

Young Swiss-Albino mice (aged 3–4 weeks and weight

20–25 g) were collected from International Centre for

Diarrhoeal Disease and Research, Bangladesh (ICCDR,

B) and randomly selected for the pharmacological inves-

tigations. The mice were provided with commercial ro-

dent pellet food and water ad libitum. Mice were housed

in clean and well-ventilated cages under standard envir-

onmental condition where 12 h light and 12 h dark cycle

was maintained with relative humidity 55–60% and

room temperature 25 ± 2 °C. Before starting the pharma-

cological experiments, mice were accommodated to ad-

just with the environment for 7 days. All experimental

protocols were in compliance with the ethical guideline

approved by ethical committee at Pharmacy Discipline,

Khulna University.

Phytochemical analysis

Standard qualitative phytochemical group tests were

performed to trace major groups of secondary bioactive

metabolites present in crude ethanolic extract following

the standard procedures described by Ghani [7].

DPPH radical scavenging activity

The method adopted by Biswas [8] was followed to

quantify in vitro free radical scavenging activity of the

prepared plant extracts. Different concentrations (512 μg/

mL, 128 μg/mL, 64 μg/mL, 32 μg/mL, 16 μg/mL, 8 μg/

mL, 4 μg/mL, 2 μg/mL and 1 μg/mL) of ZBRB were

prepared by serial dilution and 1 mL of that of each con-

centration was taken into a test tube followed by the

addition of 3 mL of 0.004% (w/v) solution of DPPH in

ethanol. The mixture was homogenised by shaking vigor-

ously and incubated in a dark place for 30 min at room

temperature to promote reaction. The extant of antioxi-

dant capacity of test extract was measured by recording

the absorbance (optical density-OD) of each resulting so-

lution with the help of UV spectrophotometer for each

against a blank at 517 nm [8]. The experiment was dupli-

cated for more accuracy. The commercial known antioxi-

dant, ascorbic acid, was allowed to react with DPPH and

recorded the absorbance in same manner for comparison
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with plant crude extract. DPPH radical scavenging activity

was calculated using the following formula:

scavenging activity %ð Þ ¼ 1−
absorbance of sample

absorbance of control

� �

� 100

Total phenolic content

ZBRB was weighed (0.50 g) and dissolved in 50 mL of

80% aqueous methanol and sonicated for 20 min in

ultrasonic bath. From the mixture, 2 mL was taken and

centrifuged for 15 min at 14000 rpm. The amount of

total phenolics present in the extract was measured by

Folin Ciocalteu’s reagent [9]. A standard curve was pre-

pared using gallic acid solutions of 15.63 mg/mL,

31.25 mg/mL, 62.50 mg/mL, 125.00 mg/mL, 250.00 mg/

mL and 500.00 mg/mL in methanol. Extract and each of

the concentrations of gallic acid solutions (1 mL each)

were transferred into 25 mL volumetric flasks containing

9 mL of distilled water. Upon continuous shaking, 1 mL

of Folin Ciocalteu’s reagent was added to each volumet-

ric flask. After an interval of 5 min, 10.00 mL of 7.00%

Na2CO3 was added each volumetric flask and the vol-

ume was adjusted to 25.00 mL with distilled water. After

incubation at room temperature for 30 min, absorbance

was recorded at 750 nm. Blank was prepared following

the above procedures without gallic acid or extract.

Standard curve was prepared by plotting the absorbance

versus concentration of gallic acid solutions. Total phen-

olic content of ZBRB was expressed as the gallic acid

equivalent per 100 g of extract.

Reducing power assay

Ferric reducing power of the extract was determined by

the method of Oyaizu [10]. ZBRB or ascorbic acid solu-

tions of 1 mL having concentrations of 15.63 μg/mL,

31.25 μg/mL, 62.50 μg/mL, 125.00 μg/mL, 250.00 μg/mL

and 500.00 μg/mL were mixed with 2.50 mL of 1% po-

tassium ferricyanide and 2.50 mL of phosphate buffer

(0.20 M, pH 6.60) with continuous shaking. The mixture

was then incubated at 50 °C for 20 min in incubator.

After that, 2.50 mL of trichloroacetic acid [CCl3COOH]

(10.00%) was added to the mixture and centrifuged for

10 min at 3000 rpm. An aliquot of the supernatant

(2.50 mL) was mixed with 0.50 mL of ferric chloride

(0.10%) with vigorous shaking. After 5 min, absorbance

was recorded at 700 nm. Reducing power of ZBRB and

ascorbic acid were expressed by plotting absorbance

against concentration.

HPLC detection of phenolics

HPLC analysis was carried out to detect and determine

some of the commonly occurring bioactive phenolic

compounds in ZBRB [11]. The investigation was con-

ducted on a Dionex UltiMate 3000 system fitted with

quaternary rapid separation pump (LPG-3400RS) and

photodiode array detector (DAD-3000RS). Separation

was done on a Acclaim C18 (5.00 μm) Dionex column

(4.60 × 250.00 mm) at 30 °C with a flow rate of 1.00 mL/

min and an injection volume of 20.00 μl. Acetonitrile

(solvent A), acetic acid solution pH 3.00 (solvent B) and

methanol (solvent C) was mixed in various proportions

to prepare mobile phase for the gradient elution

programme of A: B (5.00: 95.00, v/v) (0–9 min), A: B: C

(10.00: 80.00: 10.00, v/v/v) (10–19 min), and A: B: C

(20.00: 60.00: 20.00, v/v/v) (20–30 min) with post run

equilibration of the system with 100% A (5 min). Ini-

tially, the UV detector was fixed to 280 nm for 18 min,

changed to 320 nm for consecutive 6 min, and finally to

380 nm and apprehended for the rest of the analysis

period while the diode array detector was set at an ac-

quisition range from 200 nm to 700 nm for the entire

run time. The mixed standard solution was prepared in

methanol having the concentration of 5.00 μg/mL for GA,

CH, VA, CA, EC, PCA, EA, MC, KF, 4.00 μg/mL for RU,

and 3.00 μg/mL for QU. ZBRB solution was prepared in

methanol having a concentration of 5.00 mg/mL. Both

standard and ZBSB solution were filtered through 0.20

μm nylon syringe filter (Sartorius, Germany) and degassed

in an ultrasonic bath (Hwashin, Korea) for 15 min prior to

the HPLC analysis. Data accumulation, peak assimilation

and calibrations were performed using Dionex Chrome-

leon software (Version 6.80 RS 10).

Evaluation of analgesic activity

Writhing test

The extract was subjected to acetic induced writhing test

in mice according to the method described by Anisuzz-

man M [12]. Experimental mice were randomly screened

and separated into four groups with six mice in each.

Each mouse was placed in separate transparent polyvinyl

cage. In the present study, ZBRB was administered at

the doses of 250 and 500 mg/kg. Positive control group

was served with diclofenac sodium (25 mg/kg) while the

control group received 1% tween-80 in distilled water at

the dose of 10 mL/kg. All treatments were administered

orally with the help of a feeding needle. To induce ab-

dominal contraction, 0.70% acetic acid solution was

injected intraperitonially after 30 min of each treatment.

After 5 min (due to promote better absorption of acetic

acid), abdominal contraction or writhing was counted

for 10 min. Analgesic activity was expressed as the % in-

hibition of writhing as compared to control.

Hot-plate test

Hot-plate test was adopted to measure the pain thresh-

old according to the method of Mondal [13]. In hot-
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plate test, mice of either sex were arbitrarily selected

and divided into four groups, six mice each. Mice of

control group were administered 1.00% tween-80 in dis-

tilled water at dose of 10 mL/kg body weight where,

mice of positive control group were given morphine at

dose of 5 mg/kg body weight and mice of test group

were received the extract at two different doses of 250

and 500 mg/kg body weight. All doses were adminis-

tered orally by using a clean sterile feeding needle. Mice

were placed on hot plate maintained at 55 ± 0.5 °C to

measure the response time. A cut-off point of 15 s was

used to avoid injury to the paws of mice. Time taken to

lick the hind and fore paws or jump was considered as

the response time and recorded at 0, 30, 60, 90 and

120 min.

Evaluation of antidiarrheal activity

In vivo antidiarrheal activity was investigated by castor

oil induced diarrhoea model in mice [12]. Mice were

screened based on their sensitivity to castor oil induced

diarrhoea and divided into four groups containing six

mice in each. The extract was administered at the doses

of 250 and 500 mg/kg. Positive control group was re-

ceived loperamide (3 mg/kg) as the reference drug and

control group was treated with 1.00% tween-80 in dis-

tilled water. All doses were given orally with the help of

feeding needle. After 1 h of oral treatment, each mouse

was administered orally with 0.50 mL castor oil with the

help of feeding needle to induce diarrhoea. Each mouse

was housed in separate transparent polyvinyl cage. The

floor of the cage was lined with white blotting paper for

the ease of counting stools and was changed every hour

up to the observation period of 4 h. The appearance of

first stool as well as total number of stool over the entire

observation period was used to determine latency and

percentage (%) inhibition of defecation.

Brine shrimp lethality bioassay

Conventional toxicity of the crude ethanolic extract of

ZBRB was determined by brine shrimp (Artemia salina)

lethality bioassay developed by Meyer et al. [14]. Artifi-

cial sea water was prepared by dissolving 18.00 g of table

salt and 20.00 g of pure NaCl in one litre of distilled

water to hatch shrimp eggs into brine shrimp nauplii. It

was kept in a rectangular tank of two compartments

with perforated divider. Brine shrimp eggs leach were

taken into the larger dark compartment. Oxygen sup-

ply was maintained continuously by electric air pump

and hatching was performed at constant temperature

(25–30 °C) for 24–48 h. After hatching, matured nau-

plii were collected from the lightened compartment.

In this test, ZBRB suspensions of various concentra-

tions (320.00 μg/mL, 160.00 μg/mL, 80.00 μg/mL,

40.00 μg/mL, 20.00 μg/mL, 10.00 μg/mL, 5.00 μg/mL)

were prepared in distilled water by serial dilution tech-

nique and 5.00 mL of each concentration containing 10

nauplii was taken into test tubes. DMSO (Dimethyl sulf-

oxide) was used to assist in mixing ZBSB with water

where the concentration of DMSO did not exceed 0.10%

and saline water containing 0.10% DMSO was considered

as the control. Vincristine sulphate was used at different

concentrations of 5.00 μg/mL, 2.50 μg/mL, 1.25 μg/mL,

0.60 μg/mL and 0.30 μg/mL μg/mL and served as the

positive control. All the test tubes were kept at room

temperature (25–30 °C) for 24 h and number of alive nau-

plii was counted with the help of a magnifying glass.

Statistical analysis

All results of the present study were expressed as mean

± SEM (standard error mean). Statistical analysis was

carried out using Student’s t-test, one-way ANOVA

followed by Dunnett post-hoc test, and two-way analysis

of ANOVA followed by.

Bonferroni’s test. Analysis was performed in Prism 5.0

(GraphPad software Inc., San Diego, CA). Results were

considered as significant when P value is less than 0.05.

The LC50 value of ZBRB in brine shrimp lethality bio-

assay was determined by using Probit analysis software

(LdP Line software, USA).

Results

Phytochemical analysis

In phytochemical screening, ZBRB showed the presence

of flavonoids, alkaloids, glycosides, steroids, gums, redu-

cing sugars and tannins (Table 1).

DPPH radical scavenging activity

In the DPPH radical scavenging activity test, ZBRB and

ascorbic acid showed radical scavenging activity with the

IC50 values of 54.27 μg/mL and 11.81 μg/mL, respect-

ively. Both, ZBRB and ascorbic acid showed a concentra-

tion dependent DPPH radical scavenging activity within

the concentration range tested (Fig. 1).

Table 1 Phytochemical screening of ZBRB

Phytochemical groups Result

Flavonoids +

Alkaloids +

Glycosides +

Steroids +

Gums +

Saponins –

Reducing sugars +

Tannins +

+ = Present. - = absence
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Total phenolic content

A linear regression equation, y = 0.0963× + 0.0036; R2 =

0.9878, obtained from a calibration curve of absorbance

values of different concentrations of gallic acid was used

to calculated total phenolic content of crude extract and

what was found to be 647.91 GAE/100 g extract (Fig. 2).

Reducing power assay

ZBRB showed a concentration dependant moderate ferric

reducing power (measured by recording the absorbance)

as compared to ascorbic acid, used as the reference stand-

ard in this assay. The ZBRB concentrations of 15.63 μg/

mL, 31.25 μg/mL, 62.50 μg/mL, 125.00 μg/mL, 250.00 μg/

mL and 500.00 μg/mL, showed absorbance of 0.55, 0.69,

0.77, 0.82, 0.96 and 1.08, respectively and ascorbic acid

showed absorbance of 0.71, 0.89, 1.14, 1.54, 2.42 and 2.87

at same concentrations (Fig. 3).

HPLC detection of phenolics

Among the 11 (eleven) phenolic compounds screened,

CT, CA and QU were found to be present in ZBRB with

the concentrations of 17.94 mg/100 g, 3.72 mg/100 g

and 11.95 mg/100 g ethanolic extract of ZBRB, respect-

ively. GA, VA, EC, PCA, RU, EA, MC and KF were ab-

sent or were present in a trace amount beyond the

detection level (Figs. 4 & 5; Tables 2 and 3).

Evaluation of analgesic activity

Writhing test

ZBRB showed significant decrease in number of writhes

dose dependently as compared to control. At the doses of

250 and 500 mg/kg, the extract showed 64.58% and

77.43% writhing inhibition respectively (P < 0.001). Diclo-

fenac sodium, used as the positive control, also decreased

Fig. 1 DPPH scavenging activity of ZBRB

Fig. 2 Standard gallic acid calibration curve to determine total phenolic content in ZBRB
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the number of writhes (81.95% inhibition) with statistical

(P < 0.001) significance (Fig. 6).

Hot-plate test

Oral administration of crude extract with two different

doses of 250 and 500 mg/kg increased response time

(5.80 and 6.81 s) to pain stimulus as compared to con-

trol (3.29 s) in hot plate test (Fig. 7). Morphine

(5.00 mg/kg) exhibited maximum reaction time of 9.60 s

at 90 min. The results of the extract and morphine were

statistically significant (P < 0.001).

Evaluation of antidiarrheal activity

The extract of ZBRB exhibited significant antidiarrhoeal

activity. The extract showed marked increase in latent

period and decrease in number of stools as compared to

control in dose dependent manner (Table 4). At the

doses of 250 and 500 mg/kg, the extract showed 66.56%

and 83.39% inhibition of defecation respectively whereas

the standard drug Loperamide (3 mg/kg) which compara-

tively showed 89.56% inhibition of defecation. All of the

result was found to be statistically significant (P < 0.001).

Brine shrimp lethality bioassay

ZBRB exhibited lethality against nauplii in a concentra-

tion dependent manner with an LC50 of 21.84 μg/mL

while that of vincristine sulphate was 0.53 μg/mL

(Figs. 8 and 9). LdP line probit analysis software, USA

was used to determine LC50 values.

Discussion

Plants used in traditional medicine serves as one of the

major source of bioactive compounds. From the above

results of different tests it can be demonstrated that the

Fig. 3 Reducing power of the ethanol extract of ZBRB

Fig. 4 HPLC chromatogram of a standard mixture of polyphenolic compounds. Here peaks indicate, 1: GA, 2: CT, 3: VA, 4: CA, 5: EC, 6: PCA, 7: RU,

8: EA, 9: MC, 10: QU, 11: KF. Figure Sign: 1= gallic acid (GA), 2= (+)-catechin hydrate (CT), 3=vanillic acid (VA), 4=caffeic acid (CA), 5= (-)-epicatechin (EC),

6=p-coumaric acid (PCA), 7=rutin hydrate (RH), 8=ellagic acid (EA), 9=myricetin (MC), 10=quercetin (QU) and 11=kaempferol (KF)
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ethanol extract of ZBRB possess potential antioxidant,

analgesic, antidiarrhoeal and cytotoxic activities.

The antioxidant activity of plants can contribute

towards a healthy immune system and prevent many

diseases. Daily ingestion of antioxidant rich diet can sig-

nificantly reduce the chance of cancer by protecting

our body from the damage caused by free radicals

[15, 16]. The antioxidant compounds reportedly show

antioxidant activity through either by scavenging the

reactive oxygen species or by boosting antioxidant de-

fence mechanisms of our body [8]. DPPH is a stable

free radical which undergoes decolourization from deep

violet to light yellow with concentration dependent man-

ner upon reaction with antioxidant compound under test

[17]. So, the conterminously decolourization and drop-off

absorbance of DPPH solution with crude ethanolic extract

in concentration dependent manner substantiate the

antioxidant activity of the extract in comparison with

standard, gallic acid (Fig. 1). This antioxidant activity

might be claimed to the presence of polyphenolic com-

pounds in the extract [8]. However, there is a direct cor-

relation between phenolic content and antioxidant activity

because of the scavenging ability of hydroxy groups as

they are effective hydrogen donor or electron acceptor

[18, 19]. Folin Ciocalteu’s reagent was used to determine

the total phenolic content of the extract (Fig. 2). Further,

ZBRB showed a concentration dependant moderate ferric

reducing power (Fig. 3) in comparison with ascorbic acid

that was assessed to elaborate its antioxidant activity.

Reducing power serves as a significant and sensitive

parameter to assess potential antioxidant activity of

plant extracts [20]. In reducing power assay, antioxi-

dants reduce potassium ferricyanide (Fe3+) into potas-

sium ferrocyanide (Fe2+). Upon addition of ferric

Fig. 5 HPLC chromatogram of ethanol extract of ZBRB. Here peaks indicate, 1: CT, 2: CA, 3: QU. Figure Sign: 1= (+)-catechin hydrate (CT),

2= caffeic acid (CA), 3= quercetin (QU)

Table 2 Parameters of calibration graphs for the eleven phenolic standards used

Peak no. Polyphenolic compound Linearity range
(μg/mL)

Correlation coefficients (r2) Detection limit
(μg/mL)a

Quantitation limit
(μg/mL)a

Recovery (%)b

1 GA 1.00–5.00 0.9951 0.20 0.65 97.30 ± 1.99

2 CT 0.50–4.00 0.9972 0.10 0.38 97.50 ± 1.81

3 VA 1.00–5.00 0.9948 0.21 0.72 96.40 ± 1.04

4 CA 0.50–4.00 0.9950 0.14 0.47 97.90 ± 1.02

5 EC 1.00–5.00 0.9959 0.28 0.85 98.20 ± 2.84

6 PCA 1.00–5.00 0.9982 0.26 0.90 102.90 ± 2.65

7 RU 0.50–4.00 0.9976 0.13 0.45 101.30 ± 2.90

8 EA 1.00–5.00 0.9990 0.29 0.92 97.20 ± 2.08

9 MC 1.00–5.00 0.9981 0.29 0.92 98.20 ± 3.01

10 QU 0.25–3.00 0.9972 0.07 0.24 100.20 ± 3.13

11 KF 1.00–5.00 0.9991 0.27 0.86 101.50 ± 3.54

a Data were expressed as mean of triplicate measurements
b Recovery are expressed as mean ± standard deviation carried out on ethanol extract of ZBRB
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chloride (FeCl3), ferric-ferrous complex is formed as

Prussian’s blue and shows absorbance at 700 nm.

HPLC analysis was carried out to determine the pres-

ence of selected phenolic compounds of plant origin

and subsequently catechin, caffeic acid and quercetin

were found to be present in the extract (Table 3).

Previous study demonstrated that catechin and quer-

cetin contain the “ortho-3’, 4’-dihydroxy structure in the B

ring of their structure” which is an important feature that

determines the antioxidant potential of flavonoids [21].

Caffeic acid was found to have potent antioxidant activity

because of additional conjugation in the propenoic side

chain, which can facilitate the electron delocalization cap-

acity of aromatic ring by extending the conjugation [22].

Although only these three phenolic compounds were

found to be present in ZBRB, presence of some peaks in

the regions indicated that, the extract might have some

compounds belonging to the class of simple polyphenols

and catechins [23].

Analgesic activities of the ZBRB extract at both doses

of 250 and 500 mg/kg were investigated both in acetic

acid induced writhing and hot-plate model. These

models are widely used to investigate both peripherally

and centrally acting analgesic activity. Where, in writh-

ing model ZBRB showed significant decrease in number

of writhes dose dependently compared to control (Fig. 6)

and in hot plate model, increased response time to pain

stimulus compared to control (Fig. 7). Pain in acetic acid

induced writhing is considered to occur through periph-

eral mechanisms whereas hot-plate model is associated

with central mechanisms [24]. The release of local en-

dogenous substances- PGE2, PGF2α via cyclooxygenase

(COX) pathway from membrane phospholipid as well as

endogenous substances via lipoxygenase increases peri-

toneal fluids and reportedly responsible for Pain sensa-

tion in acetic acid induced writhing paradigm [25].

Abdominal writhing occurred in this paradigm due to

the presence of local peritoneal receptor [26]. Result of

the present study suggests that the extract might have

potential analgesic activity by reducing prostaglandin

synthesis through the inhibition of cyclooxygenase and

lipoxygenase pathway. The result of hot-plate test sug-

gests that the extract possesses central analgesic activity

most probably in spinal cord level by binding with the

receptors (μ, δ, and κ) present in pre and post synaptic

membrane [27]. Phenolic compounds detected in the

HPLC analysis might also have some role in the central

analgesia of the extract. Quercetin, an important

flavonoid of medicinal plants, is known to have both

antioxidant and analgesic effects by either inhibit nitric

oxide production or deactivation of ɣ-aminobutyric acid

(GABA) or serotonin receptors or incitation of transient

receptor potential cation channel subfamily V member 1

(TRPV1)/N-methyl-D-aspartate (NMDA) receptors or

inhibit cytokine production and oxidative stress [28, 29].

Clinically this compound is also effective as a painkiller

against painful bladder syndrome [30]. Early studies

demonstrated that, catechins suppresses NF-kB activa-

tion and alleviates inflammation [31]. Caffeic acid is

known to show anti-inflammatory activity by inhibiting

arachidonic acid synthesis [32]. Caffeic acid has been

claimed to be effective in combating inflammation and

oxidative stress associated diseases through the inhib-

ition of tumor promoter (12-O-tetradecanoylphorbo-

l-13-acetate)-induced processes [33]. Caffeic acid has

also been found to show anti-inflammatory activity

by blocking the gene expression and activity of

cyclooxegenase-2 (COX-2) enzyme [34]. Nevertheless,

the amount of caffeic acid in the extract and degree of an-

algesia makes it clear that, either some other compounds

present in the extract are also responsible for this ob-

served activity or each responsible compound synergistic-

ally enhance the effect of other responsible compound(s).

Moreover, during the process of phagocytic action at the

inflammatory sites, damaged inflammatory tissue dis-

charge reactive oxygen species (ROS) and helps in the syn-

thesis of prostaglandins from membrane phospholipids

and thus the antioxidant compounds present in ZBRB also

would have some role in the inhibition of ROS mediated

inflammation [35, 36]. Besides, antioxidant compound(s),

other group of secondary bioactive metabolites confirmed

Table 3 Contents of polyphenolic compounds in the ethanol

extract of ZBRB (n = 3)

Polyphenolic
compound

Ethanol extract of ZBRB

Content (mg/100 g of extract) % RSD

CT 17.94 0.41

CA 3.72 0.02

QU 11.95 0.96

Table 4 Effect of the extract of ZBRB on castor oil induced diarrhoea in mice

Treatment (n = 6) Dose (mg/kg) Onset of diarrhoea (min) No. of stools after 4 h % Inhibition of defecation

Control – 34.00 ± 3.15* 23.00 ± 1.58* –

Loperamide 3 198.60 ± 2.34* 2.40 ± 0.51* 89.56

Extract 250 101.40 ± 3.39* 7.80 ± 0.37* 66.56

500 179.40 ± 4.83* 3.80 ± 0.49* 83.39

Results are expressed as mean ± SEM, SEM Standard error for mean, n = 6 (number of mice), *P < 0.001 vs. control (Student’s t-test)
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by preliminary phytochemical screening- flavonoid, al-

kaloid and steroid reportedly exhibit analgesic activity

[37, 38]. Since, it was a preliminary experiment; fur-

ther more sophisticated investigation should be con-

ducted to demonstrate possible compound(s) and

their respective mechanism.

Diarrhoea is characterized by an increase in the fre-

quency of defecation, number of watery stools and

change in stool consistency [39]. It is one kind of gastro-

intestinal disorder in which gut motility or bowel move-

ment is increased resulting in excess loss of fluids,

electrolytes and nutrients [39, 40]. Castor oil induced

diarrhoeal model was used in this study to evaluate

antidiarrheal activity of the extract. Castor oil induces

diarrhoea through the release of ricinolic acid which

irritates the intestinal mucosa resulting in increased

motility [41]. Beside this, castor oil also stimulates ni-

tric oxide (NO) release which triggers the generation

of prostaglandins by colonic cells exacerbating diar-

rhoea [42]. In this study, the result demonstrated that

the ethanolic crude extract of ZBRB possess antidiarrheal

activity (Table 4) which might be worth of presence of fla-

vonoids and tannins in plant extract (Table 1) [43–45].

Flavonoids have been claimed to display antidiarrheal ac-

tivity by the inhibition of intestinal motility and hydro-

electrolytic secretions [46, 47]. The in vivo and in vitro

experiment corroborated that flavonoid decline intestinal

secretory response induced by prostaglandin E2 and

contractions induced by spasmogens [48–50]. Flavonoids

are also known to inhibit the release of autocoids and

prostaglandins, hence, inhibiting the motility and secre-

tion induced by castor oil [51, 52]. In addition, flavonoids

are belongs to antioxidant family to be responsible for the

inhibition of several enzymes, such as those involved in

arachidonic acid metabolism [53, 54]. Quercetin, a major

flavonoid presence in the extract, could display

Fig. 7 Effect of ZBRB in hot-plate test in mice. Values are expressed as mean ± SEM (Standard error for mean), n = 6 (number of mice in each

group), *P < 0.001 vs. control (two way ANOVA followed by Bonferroni’s post-hoc test)

Fig. 6 Effect of ZBRB on acetic acid induced writhing in mice. Values are expressed as mean ± SEM (Standard error for mean), n = 6 (number of

mice in each group), *P < 0.001 vs. control (one-way ANOVA followed by Dunnett post-hoc test)

Islam et al. Clinical Phytoscience  (2018) 4:24 Page 9 of 12



antidiarrheal activity by following either aforementioned

mechanism of flavonoids [55, 56]. The presence of tannins

in the crude extract has also been reported to have anti-

diarrheal activity by reducing intestinal secretions induced

by castor oil [57, 58].

Brine shrimp lethality bioassay is not only useful to

examine the cytotoxic activity, but also a preliminary

screening method to assess wide range of pharmaco-

logical activities including antimicrobial, pesticidal and

antitumor activity of plant extracts [59]. It is widely

used bench-top method because of the simple labora-

tory setup and small amount of sample is required

[60]. The mechanism involved in the cytotoxicity of

the brine shrimp can be of pharmacological effects

linked to enzyme inhibition, ion channel interference

or cytotoxicity [12, 61]. In the present study the ex-

tract showed potential cytotoxic activity (Fig. 8)

against brine shrimp nauplii in concentration dependent

manner in comparison with standard drug, vincristine

sulphate (Fig. 9). Since, the LC50 value of plant extract

lower than 250 μg/mL, the plant extract might be a poten-

tial source of diverse bioactive constituent(s) especially

such as antimicrobial agent, anticancer agents, antimalar-

ial drugs, insecticidal etc. [62, 63]. The polyphenolic com-

pounds- catechin, caffeic acid and quercetin or other

secondary metabolite presence (Table 1) in plant extract

might be responsible in a single way or in combination

way for the cytotoxic activity of the plant extract [63–67].

So, the purification of plant extract and elucidation of

structures is crucial to ensure the exact mechanism(s) and

compound(s) to conclude that of cytotoxic effect.

Though it is preliminary study report about phyto-

constituents and possible bioactivities of ethanolic

extract of Zanthoxylum budrunga root bark, it

would beguile the attention of phytochemists for fur-

ther isolation and characterization of bioactive

Fig. 8 LC50 value for the ethanolic extracts of Zanthoxylum budrunga root-bark

Fig. 9 LC50 value for vincristine sulphate
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constituents from this indigenous plant to discover

new drug leads.

Conclusion

In the present study, the extract elaborated potential

antioxidant, analgesic, antidiarrhoeal and cytotoxic ac-

tivities in different in vivo and in vitro experimental

models. The presence of some common phenolic

compounds present in the extract might have some

role in the observed pharmacological activities. The

present investigation supports the use of Z. budrunga

in traditional medicine. Metabolome based bioactivity

guided phytochemical investigation can be done to

find whether the observed bioactivity is linked to the

well-known pytochemicals or because of the presence

of novel chemical moieties.
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