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Abstract

This research was designed to determine the anti- inflammatory and quantitative characterization of phenolic
compounds in aqueous leaf extract of Macaranga barteri on carrageenan induced paw edema in wistar rats. Phenolic
compound was characterize using GC-MS. Twenty wistar rats of both sexes weighing between 120-140g were grouped
into 5 with four (4) rats per group. Group 1 served as the normal control which received distilled water, group 2
(negative control) rats received 1% carrageenan only, groups 3 and 4 were treated with aqueous leaf extract of M.
barteri, group 5 was treated with diclofenac, 30 minutes after receiving 1% carrageenan, the changes in paw sizes were
observed hourly for 3 hours. Rats were sacrificed and blood samples collected for haematological and biochemical
analyses. Phenolic compounds detected were 2-nitro phenol (3.29 ppm) and 4-chloro-3-methyl-phenol (5.09ppm).
Significant reduction in rat paws oedema was observed when rats in group 4 were compared with group 2 at 3hours
with percentage oedema inhibition of 46.91. Mean ESR of rats in groups 2, 3 and 5 significantly increased and group 4
none significantly reduced when compared to control. Non-significant differences in mean WBC, neutrophil and
lymphocyte counts, significant reduction of mean eosinophil counts in groups 2 and 3 and non-significant increase in
group 4 when compared to control. Significant increase in mean CRP concentration was observed when group 2 was
compared to control group and a significant reduction in group 4 treated with 500mg/kgb.wt. When compared to group
2. Mean concentrations of I1-6 and prostaglandin significantly increased in all the groups when compared to control.
Aqueous leaf extract of M. barteri demonstrated near average percentage paw oedema inhibition and mild anti-
inflammatory potential at 500mg/kg b.wt.
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1. Introduction

Inflammation is a local response of living mammalian tissues to injury. It is a body defense reaction in order to eliminate
or limit the spread of injurious agent [1]. There are various components to an inflammatory reaction that can contribute
to the associated symptoms and tissue injury.

Edema, leukocyte infiltration, and granuloma formation represent such components of inflammation, though, it is a
defense mechanism. The complex events and mediators involved in the inflammatory reaction can induce or aggravate

many reactions [2].

As it is well known, the probiotic bacteria are nonpathogenic and consumed as/with food for a long time.
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Furthermore, inflammation is regarded as a defensive response that induces physiological adaptations to limit tissue
damage and removes the pathogenic infections [3]. The conventional signs of acute inflammation are pain, heat, redness
and swelling [4].

These symptoms are a result of various inflammatory mediators and chemical agents such as prostaglandins (PGs),
histamine, serotonin, bradykinin, leukotrienes, and Nitric Oxide which are produced either locally or infiltrate in the
area of insult. Macrophages play an important role in inflammation and are activated by various inflammatory
mediators such as PGE2, tumor necrosis factor-a (TNF-a), interleukin-1 (IL-1), interleukin-6 (IL-6), and interleukin-
10 (IL-10).

Cyclooxygenase (COX) enzyme catalyzes the biosynthesis of PGs. There are at least two main isoforms, COX-1, and COX-
2. Although both isoforms catalyze the same biochemical transformation, their expression is differentially regulated.
COX-1 is a constitutive enzyme and augments the physiological role of prostaglandins (PGs) including maintaining the
integrity of the GIT mucosa and adequate vascular homeostasis whereas, COX-2 is induced only after an inflammatory
stimulus. Inhibition of COX enzyme is considered to be an important target in the discovery of anti-inflammatory and
anti-nociceptive drugs.

Anti-inflammation is the property of a substance or treatment that reduces inflammation or swelling. Anti-inflammatory
agents from plant sources have been extensively studied, and have shown promising results against inflammatory
disorders due to their mild adverse effects [5].

Nonsteroidal anti-inflammatory drugs (NSAIDs) are most widely prescribed drugs to treat inflammatory and pain
disorders. This class includes drugs such as celecoxib, rofecoxib, meloxicam, diclofenac, indomethacin, and ibuprofen

[6].

NSAIDs exert its pharmacological activity via suppression of prostaglandin biosynthesis by inhibiting the enzyme
cyclooxygenase (COX). It is well known that the gastrointestinal adverse effects associated with the long terms use of
NSAIDs are due to inhibition of COX-1, and the adverse effects on the cardiovascular system are due to inhibition of
COX-2 enzymes [7]. It has been observed that these drugs are associated with side effects.

TheWorld Health Organisation (WHO) recommends medicinal plants that scientific evidence is established for their
harmless and therapeutic efficacy [8]. Traditional medicine has been an alternative in most developing countries of the
world. It is recognized as the preferred primary health care system in many communities, with over 60% of the world's
population and about 80% in developing countries depending directly on medicinal plants for medicinal purposes [9].
Macaranga barteri is one of these medicinal plants with phytochemicals exhibiting medicinal properties.

Macaranga barteri Mull.Arg. is a shrub or tree 20m high by 1.30m girth, of forest, Secondary jungle and grassy savanna,
common throughout the region from Guinea to Sourthern Nigeria, and Equatorial Guinea.

Itis a common specie of the family Euphorbiaceae distributed in the arid forests and grassy savannahs of tropical Africa.

Macaranga barteri is endowed to possess numerous ethno medical uses. The leaf decoction of Macaranga barteri is
being used to treat sexually transmitted infection, as a laxative and haematinic in Sierra Leone.

Together with other Macaranga species, it is alo used to relieve persistent cough, bronchitis, stomatitis, gastric ulcer,
dysentry, swelling and arthritis. In previous scientific reports, the leaf extract of M. barteri showed remarkable
antimicrobial, antioxidant and anti-diabetic activity as well as the ability to protect the gastric mucosa against gastric
injury [10].

1.1 Carrageenan

Carrageenan or (from Irish carraigin, "little rock") are a family of natural linear sulfated polysaccharides that are
extracted from red edible seaweeds.

The most well-known and still most important red seaweed used for manufacturing the hydrophilic colloids to produce
carrageenan is Chondrus crispus (Irish moss) which is a dark red parsley-like plant that grows attached to the rocks.
Carrageenan are widely used in the food industry, for their gelling, thickening, and stabilizing properties. Carrageenan
is used to induce inflammation. Inflammation models induced by carrageenan are frequently used acute inflammation
models mainly because they are well researched and they exhibit a high degree of reproducibility. Carrageenan is a
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strong chemical that functions in stimulating the release of inflammatory and pro-inflammatory mediators, including
bradykinin, histamine, tachykinins, reactive oxygen, and nitrogen species.

Generally, animals are injected with a certain concentration (usually 1%) of the irritant substance carrageenan in one
hind footpad, usually, half an hour or an hour after they are treated with the test compound while the other footpad is
injected with saline as a control [11].

1.2  Phytochemicals in Macaranga barteri Exhibiting Anti-Inflammatory properties
Phytochemicals are compounds that are produced by plants ("phyto” means "plant”). They are found in fruits,
vegetables, grains, beans, and other plants.

Some of these phytochemicals are believed to protect cells from damage that could lead to cancer.

Some scientists think that you could reduce your cancer risk by as much as 40% by eating more vegetables, fruits, and
other plant foods that have certain phytochemicals in them. Some phytochemicals found in Macaranga barteri are;
alkaloids, phenols, saponins, tannins, steroids, flavonoids.

2. Material and methods

2.1  Materials, Drugs and chemicals

Plant extract (M. barteri), Diclofenac from Novartis Indian limited, Bangalore, carrageenan.

2.2 Plant material

The leaves of Macaranga barteri werecollected from the savannah area of the University of Port Harcourt Teaching
Hospital (UPTH), Port Harcourt. The plant was authenticated by an expert taxonomist of the Department of Plant
Science and Biotechnology, University of Port Harcourt, and a specimen representing this collection has been deposited
in the University Herbarium, for further reference (accession number UPH/P/258).

2.3 Experimental Animals

Twenty (20) adult wistar albino rats of both sexes weighing between 120 and 140 gram were used for this study. They
were purchased from the Biochemistry Animal House, University of Port Harcourt, Choba. They were also acclimatized
at the Biochemistry Animal House, acclimatization of the rat was carried out for fourteen days given free access to feed
and water. All experimental protocols were in compliance with Department Of Biochemistry Research Ethics
Committee, University Of Port Harcourt, (approval number UPH/BCHREC/2022/007) on research in animals as well as
internationally accepted principles for laboratory animal use and care.

2.4 Preparation of Plant Extract
The plant (M. barteri) was harvested from the farm, washed and shade dried, it was dried for about 2 weeks. After

drying, the plant was ground into smaller particles, it was then taken for extraction in order to get the juice of the plant.

The volume of deionized water required was measured using a measuring cylinder and introduced into a glass jar, then
using a digital weighing balance, the number of grams equivalent of the plant was measured and introduced into the
glass jar which contained the already measured volume of deionized water. the solution was homogenized using a glass
rod to stir. The macerated mixture was then covered and left to stand for 24hrs, after which it was sieved using the no.1
watman filter paper (maceration extracts the nutrient and active ingredients from the dried plant). The filtrated extract
was then dried in a crucible over a water bath at a moderate temperature, so as to evaporate the moisture content of
the extract.

2.5 Preparation of carrageenan

1% of carrageenan was measured using a weighing balance and put into a beaker,100ml of distilled water was
introduced into the beaker and the mixture was homogenized using a glass rod, a clear solution was formed.

2.6 Preparation of the reference drug (diclofenac)

50mg of diclofenac was dissolved in 100ml of distilled water.
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2.7  Acute Toxicity

Acute toxicity describes the adverse effects of a substance that result either from a single exposure or multiple
exposures in a short period of time (usually less than 24 hours). To be described as acute toxicity, the adverse effects
should occur 14 days of the administration of the substance. The median acute (LDso) toxicity value of AEMb was
determined in the rats using the limit test to 5000mg/kg b.w [12].

2.8 Experimental Design

Twenty (20) wistar albino rats were used, they were separated into 5 groups (each group having 4 rats). The rats were
grouped and induced as follows:

e  Group 1: This is the normal control which was fed with water

e  Group 2: This is the negative control, it was induced with 1% carrageenan

e  Group 3: This group was treated with 250mg/kg body weight Macaranga barteri, after 30 minutes the rats were
induced with 1% carrageenan.

e Group 4: This group was treated with 500mg/kg body weight M. barteri after 30 minutes they were induced
with 1% carrageenan.

e Group 5: This is the positive control, the rats were treated with reference drug (diclofenac), after 30 minutes
they were induced with 1% carrageenan.

Paw edema thickness was measured using digital vainer caliper and the percentage (%) inhibition of edema is calculated
using the formula% inhibition = 1-To - Tt / TO x100Where Tt is the thickness of paw of rats given test extract at
corresponding time and To is the paw thickness of rats of control group at the same time

2.9 Mode of treatment and induction

The mode of induction of carrageenan for group 2 was done using a 2ml syringe, 1.2ml carrageenan was injected under
the skin of the right paw (subplantal). For groups 3 and 4, they were first induced with the plant extract (0.5ml M.
barteri) using a syringe through the mouth (oral treatment), after 30mins, 1.2ml carrageenan was injected under the
skin of the right paw.

2.10 Statistical analysis

Data were expressed as mean value * standard error of mean (M+SEM). A statistical significance comparison between
groups was accomplished using the SPSS. The mean of each group was compared using one sway ANOVA, post hoc and
least significant difference. Differences were considered significant at P<0.05.

2.11 Phytochemical screening of the plant extract

The freshly prepared crude extract was qualitatively tested for the identification of chemical constituents such as;
alkaloids, saponins, coumarins, steroids, tannins, flavonoids, protein, phenolic compounds, cardiac glycosides and
anthraquinones.

2.12 Procedure for the determination of phenolic compound in the plant extract

0.5g of plant extract was stirred with distilled water and filtered. 2-3 drops of 1% neural ferric chloride solution was
added (obtained by adding dilute ammonia until precipitate begins to form, the precipitate is filtered). The appearance
of violet color with ferric ion indicates the presence of phenolic compounds. This process is carried out in shindo's test.

2.13 Procedure for the quantitative phytochemical characterization of phenolic compounds in aqueous leaf
of M. barteri

2.13.1 GC-MS Determination of Phytochemical Characterization

Prior to analysis, the MS was auto tuned to perfluorotributylamine (PFTBA) using already established criteria to check
the abundance of m/z 69, 219, 502 and other instrument optimal and sensitivity conditions. Determination of the levels
of phytochemicals in the sample was carried out using GC-MS by operating MSD in scan mode to ensure all levels of
detection of the target constituents. Agilent 7820A gas chromatography coupled to 5975C inert mass spectrometer
(with triple axis detector) with electron impact source was used. The stationary phase of separation of the compounds
was HP-5 capillary column coated with 5% phenyl methyl siloxane (30m length x 0.32mm diameter x 0.25um film
thickness) (Agilent technologies). The carrier gas was helium used at constant flow of 1.4871mL/min at an initial
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nominal pressure of 1.4902 psi and average velocity of 44.22cm/sec. 1uL of the samples were injected in splitless mode
at an injection temperature of 3000c. Purge flow to split vent was 15 mL/min at 0.75, in with a total flow of 16.654
mL/min; gas saver mode was switched off. The mass spectrometer was operated in electron impact ionization mode at
70Ev with ion source temperature of 230°c

3. Results

Table 1 The quantitative characterization of phenolic compounds in aqueous leaf extract of M. barteri

Compound Retention Time (min) | Concentration (ppm)
Phenol 3.842 Below calculation
2-Chloro-phenol 3.877 Below calculation
O-cresol 4.477 Below calculation
2-Nitro phenol 5.278 3.29 ppm
2,4-Dimethyl phenol 5.467 Below calculation
2,4-Dichlorophenol 0.000 Not detected
4-Chloro-3-methyl-phenol | 7.848 5.09 ppm
2,4,6-Trichloro-phenol 0.000 Not detected
4-Nitro-phenol 0.000 Not detected
Pentachloro-phenol 0.000 Not detected

Table 1 shows that in phenolic compounds, 2-nitro phenol and 4-chloro-3-methyl-phenol were present in the
concentration of 3.29 ppm and 5.09 ppm respectively, while some of the compounds were below calculation and some

were not detected.

Figure 1 GCMS chromatogram of the characterization of phenolic compounds in aqueous extract of Macaranga
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Table 2 The effect of Macaranga barteri and Diclofenac on carrageenan induced paw edema over a period of 3 hours

Gro | Treatment Paw size after | Paw size after | Paw size after | % inhibition of
ups 1 hour (mm) 2 hours (mm) 3 hours (mm) paw edema (%)
1 normal control 4.37+0.114d 437 +0.114 437+0.114d -
2 Negative control (induced | 8.00+0.142 7.40 = 0.302 7.92+0.132 -
with + 1% carrageenan)
3 250mg/kg bw Macaranga | 7.36+0.442 7.85 = 0.2072 7.57+£0.172 26.78
barteri + 1% carrageenan
4 500mg/kg bw Macaranga | 7.32 +0.102 7.30 +0.272 6.69 + 0.31P 46.92
barteri + 1% carrageenan
5 50mg/kg bw Diclofenac + | 7.45+0.282 7.80 £ 0.21a 7.38 £ 0.302 31.12
1% carrageenan

Values are reported as mean * standard error of mean (M+SEM) (n =4). Values with different superscript letters indicate statistically significant
differences (p<0.05) down the column while those with similar superscripts letters show non-significant differences (p=0.05) down the column

31

when compared with the control and between groups. (a significant to control the rest significant to other groups).

Anti-inflammatory activity

Results shows a time dependent anti-inflammatory activity of leaf extract at varying dosage. A significant decrease in
paw size of rats were observed in all treated groups after three hours (250 and 500mg/kg bw and diclofenac) when
compared with the negative control. Also, result showed a dose dependent anti-inflammatory activity as a significant
decrease in paw size was observed when comparing 500mg/kg with 250mg/kg bw treated groups after three hours. At
dosage of 500mg/kg bw, a higher degree of effectiveness comparable to diclofenac was observed also after three hours.

Table 3 Effect of aqueous leaf extract of Macaranga barteri on selected hematological indices of carrageenan induced
paw edema in wistar albino rats

Group |Treatment WBC Neutrophils |Lymphocyte [Monocytes|Eosinophils|Basophils |ESR
(X109/L) |(%) s (%) (%) (%) (%) (mm/hour)

1 Normal control (water) 12.98+4.27 |37.00+1.22 |51.25+1.22 [6.00£1.08 |5.00£0.00b [0.75+0.25 [0.75+0.25a

2 Control (-ve) 1%](10.88+2.71 |40.75+6.64 |55.00+6.94 |2.75+1.11a|1.50+0.65a |0.00+0.00 |3.00+1.91b
carrageenan

3 250mg/kg b.w Macaranga|18.23+3.60 [36.75+6.93 |59.25+5.75 |8.50+2.72b|2.25+0.95a |0.00+0.00 [1.50+1.19c
barteri + 1% carrageenan

4 500mg/kg b.w Macaranga|15.11+5.83 [29.00+4.14 [61.75+£3.28 |3.75+1.49¢ 5.50+0.87bc|0.00£0.00 [0.50+0.50a
barteri + 1% carrageenan

5 Diclofenac 50mg/kg b.w +{11.88+1.47 |32.50+£8.77 |58.25£7.60 [4.75+£0.48 |2.50+0.65c |0.00+£0.00 (2.50+0.29d

1% carrageenan

Values are reported as mean # standard error of mean (M+SEM) (n=4). The values with different superscript letters indicate statistical significant
differences (p<0.05) down the column, while those with similar superscripts show non-significant differences (p=0.05) down the column when
compared negative control and between groups.
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Table 4 Effect of aqueous leaf extract of Macaranga barteri on selected biochemical parameters of carrageenan induced
paw-edema in wistar rats

Group | Treatment C-Reactive Interleukin-6 Prostaglandin
Protein (Mg/L) (Pg/Ml) (Ng/Ml)

1 Normal Control (Water Only) | 0.18+0.032 3.11+0.44> 0.22+0.03a

2 Control (1% Carrageenan) 1.24+0.25b 8.73+2.35b 0.98+0.562

3 250mg/Kg Bw Macaranga | 2.13+1.14b 8.76£2.39> 1.15+0.23b
barteri + 1% Carrageenan

4 500mg/Kg Bw Macaranga | 0.85+0.072 11.26+4.55¢ 0.91+0.07v
barteri + 1% Carrageenan

5 50mg/Kg Bw Diclofenac + | 1.01+0.83b 27.60+16.014 1.46+0.10¢
1% Carrageenan

Values are reported as mean * standard error of mean (M+SEM) (n=>5). Values with different superscript letters indicate statistically significant
differences (p<0.05) down the column while those with similar superscript show non-significant differences (p=0.05) down the column when
compared with the control and between groups.

4. Discussion

Inflammatory diseases, are a major healthcare problem worldwide and majority of human population is affected by
inflammation-related disorders. Though there are several agents are accessible to treat multiple inflammatory diseases,
their prolonged use leads to serious adverse effects [13]. Toxicity and recurrence of symptoms that occurs on
discontinuation of the use of currently available synthetic drugs is a major problem [14]. The development of safer plant
based anti-inflammatory agent’s remains to be a subject of great interest [15].

Phenolic compounds detected were 2-nitro phenol (3.29 ppm) and 4-chloro-3-methyl-phenol (5.09 ppm) in Table 1.
Some phenolic compounds have exhibited anti-inflammatory properties and there is a correlation between the high
intake of food rich in phenolic compounds and a down regulation of the inflammatory response [16]. Anti-inflammatory
activity of phenolic compounds include inhibition of the synthesis of pro-inflammatory mediators, modification of
eicosanoid synthesis, inhibition of activated immune cells, or inhibition of nitric oxide synthase and xyclooxygenase-2
via its inhibitory effects on nuclear factor NF-kf3 [16, 17, 18].

Result from Table 2 showed significant increase in carrageenan-induced oedema in rat paws when group 2 was
compared with group 1 in all the hours of investigation signifying induction of oedema in rat paws. Significant reduction
in carrageenan-induced oedema in rat paws was observed when rats in group 4 was compared with group 2 three hours
after carrageenan administration with percentage carrageenan-induced oedema inhibition of 46.91. The extract at
500mg/kgbw exhibited higher percentage carrageenan-induced oedema inhibition than group five- diclophenac
treated group. The edema developed by carrageenan is represented as biphasic curve [19]. The first phase of
carrageenan-induced inflammation is partly assigned to the injection trauma and released of acute phase mediators
especially the serotonin and histamine [20]. Prostaglandins are the main players for the occurrence of second phase of
carrageenan-induced inflammation, which occurs around 3 hr after carrageenan injection [21]. This result suggest that
aqueous leaf extract of Macaranga barteri act in the second phase of edema development indicating that Macaranga
barteri possessed inhibitory effects against acute inflammation.

Assessment of hematological parameters is needed for the determination of the degree of harmful effects of xenobiotics
on the blood. It is used to explain the hematological functions of secondary metabolites obtained from plant extracts in
experimental animal mode.

Mean ESR values of rats in groups 2, 3 and 5 significantly increased and that of group 4 none significantly reduced when
compared to control indicating restoration of ESR value at 500mg/kg.b.wt. Treatment (group 4) in Table 3.

Inflammatory markers include C reactive protein (CRP), erythrocyte sedimentation rate(ESR), plasma viscosity,

fibrinogen, ferritin, and several other acute phase proteins, though only the first three are commonly referred to as
inflammatory markers [22].
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Non-significant differences were observed in mean WBC, neutrophil and lymphocyte counts when compared to control
while significant reduction of mean eosinophil counts in groups 2 and 3 and non-significant increase in group 4 were
observed when compared to control signifying restoration of eosinophil count at 500mg/kgb.wt. Treatment.
Eosinophils play two roles which include destroying foreign substances and regulating inflammation [23]. A lower-than
normal eosinophil count may be due to: Alcohol intoxication; Overproduction of certain steroids in the body (such as
cortisol) [24].

Table 4 revealed significant increase in mean CRP concentration in rats was observed when group 2 was compared to
control group and a significant reduction in group 4 treated with 500mg/kgb.wt. When compared to group 2 though the
reduction didn’t revert to normal control value probably due to the dosage of the extract.

C-reactive protein (CRP) is a nonspecific inflammatory marker which has been studied extensively in cardiovascular
diseases and CRP itself mediate the athero-thrombosis [25, 26, 27].

Mean concentration of IlI-6 significantly increased in all the groups when compared to control. Stimulation of
hepatocytes by IL-6 leads to initiation of the acute phase response and release of acute phase proteins, including C-
reactive protein (CRP), serum amyloid A, haptoglobin, ferritin, and fibrinogen [28]. Elevated levels of acute phase
proteins are the hallmark of inflammation and are routinely measured when monitoring inflammation in clinical
practice [29]. IL 6 is the principal driver of the acute phase response in the pathogenesis of rheumatoid arthritis (RA),
as evidenced by neutralization of IL-6 by the anti-IL-6R antibody tocilizumab, which led to the normalization of CRP
[30].

Significant increase in mean prostaglandin level in rat in all the groups when compared to control was observed. Several
studies conducted to evaluate the role of PGE2 in acute inflammation model revealed that elevated levels of PGE2 is
responsible for increase in paw volume [31, 32, 33] indicating that COX-2 and COX-2 mediated PGE2 production plays
significant role in inflammation.

However a non-significant reduction in group 4 treated with 500mg/kgb.wt of the extract was observed when compared
to group 2 indicating mild reduction of prostaglandin concentration probably due to dosage level.

Bioactive phytochemicals exhibit potential anti-inflammatory activities by interaction with certain components of the
inflammatory pathways like the proinflammatory mediator production, complement cascade activation, and leukocyte
migration, matrix-degrading enzymes, proinflammatory cytokines, and the components of signaling pathways as well
as regulation of pro-inflammatory substance gene expression [34, 35, 36, 37].

Many scientific studies on plant species which has been used as folk medicine against inflammation have established
the recognition of natural products as potential anti-inflammatory drugs [38]. The anti-inflammatory effects of
phytoconstituents are exerted through their action on key regulatory molecules, including cyclooxygenase (COX),
inducible nitric oxide synthase (iNOS), and cytokines) [39, 40].

5. Conclusion

Aqueous leaf extract of Macaranga barteri act in the second phase of edema development indicating that 500mg/kgb.wt
Macaranga barteri possess inhibitory effects against acute inflammation.
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