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ABSTRACT
The persistence of the inflammatory response gives rise to chronic inflammation, which has been
implicated in the pathogenesis of many chronic diseases, including arthritis, asthma, and
cardiovascular diseases. Ethnomedicinal uses of different parts of Zanthoxylum tessmannii has been
reported for tumours, inflammation and gonorrhoea. This study investigated the anti-inflammatory
potentials of Zanthoxylum tessmannii roots, thereby providing scientific evidence for the reported
traditional use of the plant. Erythrocyte membrane stabilisation and xanthine oxidase inhibitory
activities of polar (aqueous, A.E. and ethanol, E.E.) and non-polar (ethyl acetate, EA.E and
dichloromethane, DCM.E) extracts of Z. tessmannii roots were used to evaluate the anti-inflammatory
property. Results showed that the four extracts of the plant roots exhibited varied membrane
stabilisation profiles on hypotonic and heat-stressed erythrocytes. A.E. was shown to significantly (p <
0.05) stabilise the stressed erythrocyte membranes at 0.25 mg/ml compared to other extracts at
different concentrations. The xanthine oxidase inhibitory activities of the extracts also showed that A.E.
exhibited strong % inhibition of xanthine oxidase in a concentration-dependent manner. The highest %
inhibition was 99.9 % at 0.4 mg/ml. EA.E, on the contrary, showed a declining % inhibition of xanthine
oxidase with increasing concentration. Results from this study revealed that the aqueous extract of
Zanthoxylum tessmannii root possess promising anti-inflammatory property and may provide lead
compounds that would aid in better treatment of inflammatory-related diseases.
Keywords— Anti-inflammatory, erythrocytes, inflammation, membrane stabilisation, xanthine oxidase,
Zanthoxylum tessmannii.
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1. INTRODUCTION
Inflammation is the body’s natural defensive response to various stimuli, which may be endogenous
or exogenous. Endogenous stimuli which activate the multiple events that characterise inflammation
arise from damaged cells and tissue. Similarly, exogenous stimuli arise from microbial infection,
chemical irritation and physical injury [1]. This immune response can be classified into two types, acute
and chronic inflammation.
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The function of acute inflammation is to identify, neutralise and eliminate the threat to the body.
Therefore, acute inflammation is a beneficial process that protects the body from any harmful invasion
[2]. The typical progression of inflammation results in a resolution phase after the threat has been
effectively eliminated. The failure of this resolution usually constitutes a problem since the
mechanisms activated to eliminate the harmful threat are still active, causing damage to nearby
healthy cells and tissues; hence, disease conditions are triggered.
Chronic inflammation has been implicated in the onset of various non-communicable diseases
including, arthritis, asthma, inflammatory bowel disease, cardiovascular diseases and even diabetes
[3]. The release of lysosomal enzymes is one of the response mechanisms to eliminate invading
pathogens, and their activities are associated with acute and chronic inflammation [4]. Xanthine
oxidase is also an important pro-inflammatory enzyme whose product (uric acid) and by-products
(reactive oxygen species, ROS) are known to trigger the inflammatory response [5]. Existing treatments
of inflammation rely on steroids and non-steroidal anti-inflammatory drugs (NSAIDs). However, the
prolonged use of these drugs has led to further health complications with unintended side effects. The
phytodiversity has been relied upon for many centuries by different world populations to treat various
disease conditions successfully. The scientific community has increasingly explored the plant
biodiversity for alternative pharmacological products that may treat diseases with fewer adverse
reactions in the least [6].
Zanthoxylum tessmannii is among the many indigenous plants of Africa, and its root is commonly used
as a chewing stick. In addition, many scientific documentations have reported that different parts of
the plant have been employed in traditional remedies for ailments like tumours, inflammation and
gonorrhoea [7]. However, there is a dearth of information on the anti-inflammatory potentials of Z.
tessmannii root, hence this study
2. MATERIALS AND METHODS
2.1 Collection and Identification of Plant Material
Fresh roots of Zanthoxylum tessmannii were collected from Alagbe, Ipetu-Ijesha, Osun state (7o28’43”
N 4o53’59” E), Nigeria, with the help of a local hunter, Mr. Samuel. The plant roots, leaves and seeds
were collected for identification in the month of February 2018 and were then identified and
authenticated at the IFE Herbarium, Department of Botany, Obafemi Awolowo University, Ile-Ife, Osun
State in Nigeria.
2.2 Preparation of the Z. tessmannii Root Extracts
The cleaned root samples were air-dried at room temperature until they are free from moisture. The
dried roots were cut into tiny bits and then ground to powder using a grinding mill. Approximately 130
g of the powdered Z. tessmannii root was extracted exhaustively by maceration for 72 hours in
respective polar (aqueous and ethanolic) and non-polar (dichloromethane and ethyl acetate) solvents.
The Z. tessmannii root solutions were separately decanted, filtered with a muslin cloth, and filtered
with filtration apparatus. Each solution was concentrated using a rotary evaporator at 40°C except for
the aqueous solution of the extract that was freeze-dried to get the crude extracts. The extracts were
stored in a desiccator till further use. The Z. tessmannii root samples and crude extracts were weighed,
and the percentage yield calculated accordingly.
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2.3 Preparation of Bovine Erythrocytes
Bovine blood was collected in anticoagulant (trisodium citrate 3.8% w/v) from the Adeleke University
Cafeteria in Osun state. The freshly collected blood samples poured into clean, dry centrifuge tubes
were centrifuged at 3000 rpm for 10mins in a refrigerated centrifuge. The supernatants obtained were
discarded with the aid of dried and clean Pasteur pipettes. The packed cells of red blood cells left were
re-suspended in fresh isosaline (0.85%), mixed carefully and gently to prevent lysis of the cells and
then centrifuged at the same speed for 10 mins. The supernatant was then discarded again using a
Pasteur pipette. This process was repeated till a clear supernatant was obtained. 500 ml of 2% (v/v)
red blood cell was then prepared (i.e., 10ml of the packed erythrocytes, made up to 500 ml with
isosaline) [4, 8].
2.4 Bovine Erythrocytes Membrane Stabilization Assay
The assay mixture consisted of hyposaline (1ml), 0.1M phosphate buffer pH 7.4 (0.5ml), varying
concentration of aqueous, ethyl-acetate, ethanolic and dichloromethane extracts of the roots of Z.
tessmannii (100mg/ml, 150mg/ml, 200mg/ml, 250mg/ml, and 300mg/ml respectively) and 0.5ml
of 2% (v/v) erythrocyte suspension, making a total volume of 3ml. The drug control was prepared as
stated above without the erythrocyte suspension. The standard anti-inflammatory drug used for the
assay is prednisolone. The reaction mixtures were then incubated at 56 oC for 30mins. After incubating,
the absorbance of the released haemoglobin was be read at 560 nm against the reagent blank. The
percentage membrane stability was estimated using the expression:
= 100 – Abs. of test drug – Abs. of drug control × 100
………………………………(1)
Abs. of blood control
Where
Abs. represents absorbance and the blood control represented 100% lyses.
2.5 In vitro Xanthine Oxidase Inhibition Assay of Z. tessmannii Root Extracts
The extracts were directly dissolved in phosphate buffer-MeOH (1%) and screened for xanthine oxidase
inhibitory activity [9]. The mixture assay consisted of 150 µl phosphate buffer (150 mM, pH 7.5), 50 µl
of the extract solutions at varying concentrations (0.1 mg/ml, 0.2 mg/ml, 0.3 mg/ml, 0.4 mg/ml, and
0.5 mg/ml) and 50 µl enzyme solution (0.28 U/ml in phosphate buffer). The reaction was initiated by
adding 250 µl of substrate solution (0.15 mM in the same buffer). Enzymatic kinetic was recorded at
295nm for 2 min. Negative control was prepared and contained 1% methanol solution without extract
solution. Allopurinol, a well-known inhibitor of xanthine oxidase, was used as a positive control at
varying concentrations. All experiments were performed in triplicates. Xanthine oxidase inhibitory
activity was expressed as the percentage inhibition of xanthine oxidase, calculated as (%) inhibition
following:
% inhibition = ((ΔAbs. control- ΔAbs. sample)/ΔAbs. control) x 100……………………(2)
Where
ΔAbs. represents change in absorbance.
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2.6 Statistical Analysis
Results within the groups were expressed as mean ± SEM for triplicate independent experiments. The
statistical significance of the data was analysed with a one-way ANOVA followed by the Post hoc-tukey
analysis. P-values of less than 0.05 was considered to be statistically significant [10, 11].
3. Results and discussion
3.1 Bovine RBC Membrane Stabilising Activity of Crude Extracts of Z. tessmannii Roots
All the extracts of Z. tessmannii roots at different concentrations showed variable stabilisation of the
membranes of stressed erythrocytes compared with the standard anti-inflammatory drug used (Table
1). While the aqueous and dichloromethane extracts were consistent in comparing favourably with the
standard drug used across the range of concentrations, the ethanolic extract was less consistent.
Conversely, ethyl acetate extract compared poorly with the standard drug over the range of
concentrations.
The statistical multiple comparisons of the membrane stabilising profiles of all the extracts of Z.
tessmannii roots across the concentrations showed that the aqueous extract at 0.25 mg/ml was
statistically significant (p<0.05) membrane stabilisation with other extracts at different
concentrations. Lysosomal constituents of activated neutrophils are often released as part of the
inflammatory response. These constituents, including bactericidal enzymes and proteases, are
released to destroy invading pathogens [12].
However, a persistent inflammatory response further destroys nearby healthy cells and tissues.
Therefore, the stabilisation of the lysosomal membrane, which prevents the spilling of its constituents,
is a crucial mechanism of anti-inflammatory drugs [4]. Since the structural architecture of the
erythrocyte membrane is analogous to that of the lysosome, the stabilisation of erythrocyte
membranes has been employed extensively by investigators as a model for evaluating antiinflammatory activity [13].
.
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0.1 mg/ml

Volume (ml)
0.05
Pred
55.97±0.62
A.E
44.54±0.10
E.E
25.47±1.41
EA.E
24.05+0.22
DCM.E 84.591±0.29

0.1
23.27±2.67
82.18±1.94
33.96±0.00
4.72±0.31
52.58±0.35

0.15
45.82±0.84
76.10±1.26
38.67±1.41
40.09±0.25
40.25±0.23

0.2
52.83±0.47
77.77±0.73
11.32±0
3.30±0.00
75.47±0.12

0.25
54.2±1.78
73.27±2.2
6.81±1.04
9.43±0.02
46.54±0.36

0.3
59.63±0.97
76.41±0.94
5.13±0.73
3.30±0.01
34.59±0.23

p>0.05
p>0.05
p<0.05
p<0.05
p<0.05

0.15 mg/ml

Pred
A.E
E.E
EA.E
DCM.E

27.67±3.46
59.44±0.94
29.24±0.94
28.30±0.32
81.45±0.52

62.89±2.04
44.34±0
21.17±3.98
31.13±0.63
35.37±0.35

64.77±0.16
70.44±0.16
22.32±2.51
19.81±0.20
45.75±0.84

63.31±0.56
77.98±0.31
24.84±2.20
22.64±0.32
49.5285

73.58±1.88
48.11±0.00
-42.14±1.73
-43.86±0.21
4.71±0.03

55.66±0.94
77.39±1.43
-3.77±0.00
-3.77±0.02
-7.54±0.05

p>0.05
p>0.05
P<0.05
p>0.05
p<0.05

0.2 mg/ml

Pred
A.E
E.E
EA.E
DCM.E

71.7±0.00
85.85±0.00
88.68±1.88
90.56±1.33
89.93±0.89

67.29±1.57
66.98±0.47
97.27±2.41
99.68±2.32
94.96±1.31

61.01±1.73
84.90±0.94
87.1±1.73
88.67±1.23
102.83±2.23

62.26±0.00
78.30±0.94
95.89±0.16
95.26±0.93
104.40±1.45

93.41±2.83
80.18±0.94
88.99±0.16
92.80±1.23
105.66±2.21

51.89±2.36
73.17±0.73
95.60±1.73
99.68±0.48
105.66±3.72

p>0.05
p>0.05
p>0.05
p>0.05
p>0.05

0.25 mg/ml

Pred
A.E
E.E
EA.E
DCM.E

65.73±0.78
85.53±2.04
62.57±3.61
58.96±0.43
40.53±0.38

84.90±1.88
92.24±0.84
27.76±3.17
24.59±0.32
82.70±0.23

82.45±0.33
98.11±0
-55.97±4.08
-51.88±0.84
69.49±0.39

63.52±1.73
95.59±0.31
-67.92±3.30
-64.62±0.34
94.33±0.92

83.33±1.1
96.54±0.16
81.44±0.78
80.66±0.38
99.68±0.49

72.32±0.16
93.4±1E-14
66.04±0.00
58.01±0.32
101.41±024

p>0.05
p>0.05
p>0.05
p>0.05
p>0.05

0.3 mg/ml

Table 1: Multiple Comparison of Membrane Stabilising activities of crude extracts of Z. tessmannii
Across a Range of Concentrations on Bovine Erythrocytes Exposed to both Heat and Hypotonic Induced
Lyses.

Pred
A.E
E.E
EA.E
DCM.E

125.69±0
70.76±0
60.06±2.04
66.667±0.22
65.0945±0.32

60.38±0
59.12±0.78
61.00±1.57
59.43±0.82
54.57±0.74

-32.39±3.29
72.95±0.16
89.62±0.47
89.15±0.69
92.45±0.92

-65.09±0
64.46±2.67
86.79±3.77
83.01±0.24
83.01±1.05

62.79±1.15
61.32±0
81.13±0.47
80.66±0.03
96.23±0.02

59.11±2.51
50.96±0.70
-33.01±1.42
-31.60±0.43
58.02±0.34

p>0.05
p>0.05
p>0.05
p>0.05
p>0.05

Each value represented the mean ± SEM of 3 readings, and p < 0.05 was considered significant.
Pred - Prednisolone; A.E – Aqueous Extract; E.E – Ethanol Extract; EA.E – Ethyl acetate Extract; DCM.E
– Dichloromethane Extract.
The erythrocyte membrane stabilisation activities of all Z. tessmannii root extracts showed that the
four extracts of the plant roots exhibited varied membrane stabilisation profiles on hypotonic and heatstressed erythrocytes. Although the aqueous and dichloromethane extracts compared favourably with
the standard anti-inflammatory drug used across the range of tested concentrations, the aqueous
extract at 0.25 mg/ml exhibited statistically significant (p>0.05) inhibition to other extracts at different
concentrations.
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By implication, it is considered that Z. tessmannii root possesses anti-inflammatory activity since it can
stabilise the lysosomal membrane and, therefore, mitigate the destructive actions of proteases
resident in the lysosomes on healthy tissues. Zanthoxylum macrophylla roots had been reported to
have some roles in stabilising erythrocyte membranes which justified its use in managing sickle cell
disease [14].
3.2 Xanthine Oxidase Inhibitory Activity
The xanthine oxidase inhibitory activities of all the extracts of Z. tessmannii roots varied across the
range of concentrations (Table 2). The aqueous extract exhibited the highest inhibitory activity in a
dose-dependent manner. While dichloromethane compared favourably with the standard drug used,
ethanol extract was only comparable at high concentrations. The inhibitory activity of ethyl acetate
extract decreased as concentrations increased.
Table 2 Xanthine Oxidase Inhibitory Activity of the Crude Extracts of Z. tessmannii Roots

S/N

Concentration
(mg/ml)

Aqueous
Extract

Ethyl
acetate
Extract

Dichloromethane
Extract

Ethanol
Extract

Allopurinol

(%
inhibition)

(%
inhibition)

(% inhibition)

(%
inhibition)

(% inhibition)

1

0.1

46.92±0.44

70.00±0.44

88.46±2.22

--

a,b82.41±0.16

2

0.2

73.08±2.22

68.81±0.24

73.08±2.22

42.30±6.66

b,d72.54±0.17

3

0.3

95.38±0.44

30.00±0.44

77.69±0.44

75.77±0.66

a,b,c,d67.53±0.17

4

0.4

99.99±0.00

23.46±0.22

63.46±1.11

69.23±4.44

a,b,c54.39±0.34

5

0.5

99.81±0.11

16.12±0.22

52.69±0.67

99.88±0.07

a,b,c,d69.55±0.02

Each value represented the mean ± SEM of 3 readings, and p < 0.05 was considered significant.
a,b,c,d denote significant differences compared with aqueous, ethyl acetate, ethanol and
dichloromethane extracts, respectively. Xanthine oxidase catalyses the hydroxylation of hypoxanthine
to xanthine and then converts xanthine to uric acid. Excessive production of uric acid, hyperuricemia
results in its supersaturation and crystallisation in circulation. Subsequently, the crystals are deposited
in joints, leading to inflammation with pain [15]. Thus, Xanthine oxidase is a target enzyme and a model
in the assessment of anti-inflammatory activities. The results of the inhibition of xanthine oxidase
revealed that the aqueous extract of Z. tessmannii roots presented statistically significant inhibition of
the xanthine oxidase enzyme in a concentration-dependent manner.
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Therefore, Z. tessmannii root aqueous extract can exert anti-inflammatory activity via preventing the
generation of reactive oxygen species (ROS) and production of uric acid by xanthine oxidase. Both
products are implicated in triggering inflammatory responses. This mechanism reveals that Z.
tessmannii roots possess active components that may aid the treatment and management of gout
arthritis. Similarly, it has been reported that active compounds in Zanthoxylum armatum fruits
inhibited xanthine oxidase and may serve as a source of products that could be better in the
management of gout [16].
4. Conclusion
This study revealed that the aqueous extract of Zanthoxylum tessmannii root exhibited good
erythrocyte membrane stabilisation and significant inhibition of xanthine oxidase. Hence, Z.
tessmannii roots possess promising anti-inflammatory properties and may provide lead compounds
that would aid in better treatment of inflammatory-related diseases. Therefore, further studies are
recommended to identify bioactive constituents in Z. tessmannii roots responsible for these activities.
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