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ABSTRACT 
Reissantia indica (Willd.) Halle is employed widely in African folklore medicine for the mitigation of inflammatory 
conditions and certain cancers. However, scientific validation of its anecdotal uses is not widespread. The study 
validated the antimicrobial, antioxidant, and anti-inflammatory activities of the stem bark of R. indica and tracked 
down its active constituents. The anti-inflammatory activity of the hydroethanolic stem bark extract and isolates was 
evaluated using the 7-day-old chick edema model with carrageenan as the edemogenic agent. Antioxidant activity 
was carried out by the 2,2-diphenyl-1-picrylhydrazyl (DPPH) scavenging and total antioxidant capacity assays. 
Antimicrobial activity was carried out by the broth dilution method, using some Gram-negative and Gram-positive 
organisms. The stem bark extract and reference drug diclofenac showed a dose-dependent anti-inflammatory effect 
with respective ED50 of 33.02 ± 3.66 and 20.49 ± 2.26 mg/kg body weight. The stem bark extract showed considerably 
higher activities in the antioxidant and antimicrobial assays than sitosterol and arjunolic acid, isolated from R. indica. 
The plant demonstrates significant anti-inflammatory, antimicrobial, and antioxidant properties as suggested by 
folklore medicine.

INTRODUCTION 
The immune system elicits an inflammatory cascade 

in response to harmful agents such as microorganisms, oxidative 
stress, toxins, radiations, and tissue injury (Medzhitov, 2010) 
aimed at healing (Ferrero-Miliani et al., 2007). The inflammatory 
response is, therefore, crucial to maintaining good health. To reduce 
inflammation, the offending agent has to be removed otherwise it 
will result in uncontrolled inflammation. Uncontrolled inflammation 
may become chronic, resulting in several inflammatory conditions 
such as obesity, type 2 diabetes, atherosclerosis, eye disorders, 

cardiovascular diseases, autoimmune diseases, Alzheimer’s, 
arthritis, cancers, and inflammatory bowel disease (Sugimoto et al., 
2016; Zhou et al., 2016). Poorly controlled inflammation may occur 
when infections are not well managed by host defense mechanisms 
or through the irrational use of conventional antimicrobials (Eaves-
Pyles et al., 2008).

These infections are caused by microorganisms 
such as viruses, bacteria, and fungi. The mammalian hosts 
react to infections with an innate response, often involving 
inflammation. It is hypothesized that chronic infections induce 
persistent inflammation which lends support to the development 
of inflammatory-related disorders (Xie et  al., 2017). Another 
factor that leads to uncontrolled inflammation is oxidative stress, 
a disproportion between reactive oxygen free radical generation 
or formation and the protective endogenous antioxidant system. 
The resultant oxidative stress condition leads to the damage or 
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destruction of vital cellular components including membrane 
lipids, proteins, and DNA. Ultimately, cell death may be the 
end result (Tandon et  al., 2005), culminating in the emergence 
of cancer, ischemia, anemia, degenerative and cardiovascular 
diseases (Ravipati et al., 2012). 

Thus, the treatment of inflammatory conditions may 
require a multifaceted approach involving other agents directed 
toward the source of the inflammation. Despite their proven 
efficacy in alleviating inflammatory symptoms and providing 
relief, all conventional therapeutic agents have many adverse 
reactions and side effects. Anti-inflammatory drugs (steroidal 
and nonsteroidal) are documented to cause significant renal 
and gastrointestinal damage, among other side effects (Guardia 
et  al., 2001; Kidd and Urban, 2001). This peculiar challenge 
with conventional anti-inflammatory agents has stimulated 
research interest for alternative agents. The search for new 
drug candidates that can provide immunity against free radical-
mediated oxidative destruction and prevent the development of 
inflammation-related complications has brought medicinal plants 
into focus as a repository of a number of invaluable antioxidant 
molecules (Angiolella et al., 2018), as well as a potential source of 
novel antimicrobial agents (Cowan, 1999). Plant-based remedies 
have been used for centuries to reduce pain and inflammation. 
They have been documented to inhibit inflammatory pathways 
like those of non-steroidal anti-inflammatory drugs (NSAIDs). 
They are known to inhibit the cyclooxygenase and nuclear factor-
kB inflammatory pathways. Their use is popular in developing 
countries due to the ease of availability, accessibility, and cost 
(Okoye et al., 2014). One such plant is Reissantia indica (Willd.) 
Halle of the family Celastraceae. The plant is used in traditional 
medicine for inflammatory conditions, infections, and cancers 
(Mshana et al., 2000). A number of these traditional claims have 
not been validated. Pharmacological reports on R. indica are not 
widespread. Elsewhere, human breast cancer cell lines at 100 µg/
ml was inhibited by ethanolic extract of the stem bark (Gayathri 
et  al., 2018). The present research evaluated the antioxidant, 
antimicrobial, and anti-inflammatory properties of stem bark 
extract and some isolated triterpenoids from R. indica. 

MATERIALS AND METHODS

Plant material collection, authentication, and extraction
The fresh stem bark of R. indica was harvested from the 

tropical forest of Kwahu Asakraka, in the Eastern part of Ghana, 
and authenticated at the Department of Herbal Medicine, Faculty 
of Pharmacy and Pharmaceutical Sciences, College of Health 
Sciences, Kwame Nkrumah University of Science and Technology 
(KNUST), Kumasi, Ghana, where a sample is kept (herbarium 
number KNUST/HM1/SB114). 

The plant material was cleaned of extraneous matter, 
dried under the shade for 7 days, and milled into coarse powder. 
Extraction was carried out by cold maceration using hydroethanol 
(70% v/v) and reduced into a brown mass at 60°C in vacuo using a 
rotary evaporator (Model: Rotavapor R-215, BÜCHI Labortechnik 
AG, Flawil, Switzerland). Drying was continued on a water bath 
for 48 hours and kept in a refrigerator until required for use. This 
extract obtained was designated as RE.

Chemicals and reagents
Clotrimazole, ascorbic acid, and diclofenac sodium were 

obtained from Gihoc Phyto-Riker, Accra, Ghana. Ciprofloxacin 
(Denk Pharma, Germany), nutrient broth, nutrient agar (Oxoid 
Ltd., Basingstoke, UK). 5-diphenyltetrazolium bromide 
[3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium Bromide, 
97%], DPPH radical (98%), ammonium molybdate (99.9%), and 
carrageenan were obtained from Sigma-Aldrich Inc., St. Louis, MO.

Microorganisms used for the antimicrobial assay
The clinical strains of Streptococcus pneumonia, 

Staphylococcus aureus, Klebsiella pneumoniae, Escherichia coli, 
Enterococcus faecalis, Pseudomonas aeruginosa, Salmonella 
typhi, Candida albicans were acquired from the Department of 
Applied and Theoretical Science, College of Science, KNUST-
Kumasi, Ghana. The microorganisms were kept on 20 ml slants of 
nutrient agar with glycerol (30%) at −4°C.

Animals for the anti-inflammatory assay
Gallus gallus (strain: Shaver 579), 1-day post-hatch, was 

purchased from Akati Farms, Kumasi, Ghana, and kept in stainless 
steel cages of dimensions; 34 × 57 × 40 cm, with a population 
of 10 cockerels per cage. Animals had access to chick mash 
(standard poultry feed, GAFCO, Ghana) and clean water. The 
vivarium temperature was kept at about 29 °C ± 1°C and a 12-hour 
light–dark cycle was maintained using overhead incandescent 
illumination. Daily cage maintenance was carried out and the 
chicks were checked daily for weight and good health until the 
7th day when they were tested. The experiment was carried out 
under guidelines provided by the National Institute of Health for 
Care and Use of Laboratory Animals (NIH, publication number: 
83–23, revised 1985; Committee, 2011) and was approved by 
the Department of Pharmacology Ethics Committee, KNUST-
Kumasi, Ghana. 

Antioxidant assays

DPPH radical scavenging assay
The DPPH free radical scavenging activity of R. indica 

stem bark extract (RE), isolates, and the reference antioxidant 
compound, ascorbic acid were evaluated using the standard protocol 
previously described by Govindappa et al. (2011). RE (1,000 µl each) 
was tested between 7.8 and 500 μg ml−1, whereas ascorbic acid and 
the isolated compounds RF1 and RF12 were tested between 10 and 
100 μg ml−1 prepared by two-fold dilution and subsequently mixed 
with 3,000 µl of DPPH (0.002% DPPH in methanol). Incubation of 
the mixture was carried out in the dark for 30 minutes and absorbance 
was measured at 517 nm on a Cecil CE 7,200 spectrophotometer 
(Cecil Instrument Limited, England). A solution of methanol in 
DPPH served as the negative control. The radical scavenging activity 
was calculated using the following equation: 

% 1 100DPPH inhibition
A
A
agent

control

= −








 ×

where Aagent denotes absorbance for the extract or the reference 
agent and Acontrol denotes absorbance of the control.
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Phosphomolybdenum antioxidant assay
The total antioxidant capacity assay was carried out as 

reported by Prieto et al. (1999) with slight modification. One mL of 
RE (500–7.81 μg ml−1) was added to 3 ml of a mixture (containing 
4 mM of ammonium molybdate, 28 mM disodium hydrogen 
phosphate, and 6 mM sulfuric acid) and incubated for 90 minutes 
at 95°C. The mixture was cooled and about 200 μl transferred into 
a microtitre plate and the optical density was measured at 695 
nm. The experiment was repeated with the reference compound, 
ascorbic acid (100–3.13 μg ml−1), which was subsequently used to 
develop a calibration curve. Triplicate experiment was carried out 
and the results were presented as ascorbic acid equivalent (AAE) 
in mg per g of R. indica extract. The isolated compounds RF1 and 
RF12 were tested at 50 μg ml−1.

Antimicrobial assay

Preparation of the inoculum
The bacteria were activated by inoculating 20 μl of the 

respective stock strains/isolates in single strength nutrient broth 
and incubated for 24 hours at 37°C. These culture suspensions 
were serially diluted with sterile water to achieve initial cell counts 
of approximately 1 × 105 colony forming unit, CFU/ml (Elkhair 
et al., 2010). 

Broth microdilution method
The microdilution method was used in the determination 

of the minimum inhibitory concentration (MIC) of the extracts 
(Cos et al., 2006). Sample stock solutions were prepared in sterile 
water to achieve in-well concentrations of 0.156–20 mg/ml. A 
hundred microliters of double-strength nutrient broth, 20 μl of the 
inoculum, and 100 μl of stock extract solution were added to the 
test wells. Two hundred microliters of double-strength nutrient 
broth containing 20 μl of the test organisms served as the control. 
Solution of 10 μl sterile water, 100 μl double-strength nutrient 
broth, and 100 μl extract was used as blank. The microtitre plates 
were incubated at 37°C for 24 hours. Ciprofloxacin was used as 
reference drug for the antibacterial assay, whereas clotrimazole 
served as the reference agent for the antifungal test. Absence of 
visible growth in a particular test well compared to the negative 
control well, where there is obvious growth as determined with 
tetrazolium salts, was taken as the MIC.

Anti-inflammatory assay
The chick carrageenan-induced foot edema model 

described by Roach and Sufka (2003) was used to evaluate the 
anti-inflammatory activity of R. indica extract and isolates with 
slight modifications (Boakye-Gyasi et al., 2008). The extract was 
dissolved in 0.9% NaCl (normal saline), whereas the isolates were 
suspended in tragacanth mucilage (1%) for oral administration. 
The extract was administered at 30, 100, and 300 (mg/kg body 
weight), whereas the isolates and diclofenac were given 10, 30, 
and 100 mg/kg body weight, orally, an hour before carrageenan 
injection (100 μl of 1%) subplantar into the right footpad. The 
ipsilateral foot thickness was measured using digital Vernier 
calipers pre- and post-carrageenan treatment at hourly intervals 
up to 5 hours. The control chicks received only the vehicle (1% 
tragacanth mucilage) as treatment.

Fractionation and isolation of compounds R1 and R12
Gravity-fed column chromatography (CC) was used, 

employing silica gel (70−230 mesh, AppliChem, Darmstadt, 
Germany) as stationary phase material. Aluminum backed silica 
gel plates GF254 (0.25 mm thickness) were used for the analytical 
thin-layer chromatography (TLC).

An amount of silica gel 70–230 mesh ASTM (American 
society for testing materials) was packed dry into a column (90 
× 5 cm). The dried hydroethanolic stem bark extract (30 g) was 
reconstituted in methanol and adsorbed into a few grams of silica 
gel and dried in an oven at 60°C. It was packed on top of the 
column and covered with cotton wool. Elution of the column was 
carried out using gradient mixtures of methanol, ethyl acetate, 
and petroleum ether (beginning with 100% pet-ether to 100% 
methanol) to afford five bulked fractions (F1–F5) based on their 
TLC profiles. About 4 g of bulked fraction R2 was loaded onto a 
glass column (45 × 2 cm) and eluted using a gradient of petroleum 
ether and ethyl acetate to afford three bulked fractions (F1a, F1b, 
and F1c). Subfraction F1b was washed severally with pet-ether 
to afford a white crystalline compound (800 mg) labelled as 
compound R1.

About 3.89 g of fraction F4 was subjected to successive 
chromatographic separations on silica gel, employing gradient 
mixtures of pet-ether, ethyl acetate, and methanol. The fractions 
eluted with 100% ethyl acetate to methanol/ethyl acetate 1:4 were 
bulked together to afford a subfraction weighing 1.5 g. Repeated 
CC of this fraction on silica gel, eluting isocratically with ethyl 
acetate/methanol 19:1, yielded compound R12 (650 mg) as an 
amorphous off-white solid.

Experimental
Compounds R1 and R12 were dissolved completely 

in deuterated chloroform (CDCl3) and methanol (CD3OD), 
respectively. Bruker Avance (500 MHz) machine was used 
to record the one- and two-dimensional Nuclear Magenetic 
Resonance (NMR) experiments at 25°C. The internal standard 
used was tetramethylsilane, coupling constants (J) were measured 
in Hertz (Hz), and the chemical shifts (δ) were presented in parts 
per million (ppm). Fourier-transform infrared spectra (FT-IR) 
were obtained on a Bruker spectrophotometer.

Statistical analysis
All values were expressed as the mean ± standard error 

mean (SEM, n = 5). In the carrageenan-induced inflammation, raw 
values were calculated as the percentage increase in foot volume 
using the following equation:

% 1 100increase in foot volume F
F
T

B

= −








 ×

where FT denotes post-carrageenan treatment foot volume of the 
chicks and FB denotes pre-carrageenan treatment foot volume of 
the chicks. The time-course curves were subjected to a two-way 
analysis of variance (ANOVA), followed by Dunnett’s post hoc 
test. One-way ANOVA, followed by Dunnett’s post hoc test, was 
used to analyze the anti-inflammatory activity for the treatment 
group, calculated as the area under the curve (AUC).
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RESULTS 

Structural elucidation of compounds

Elucidation of R1 as β-sitosterol
The 1H NMR spectrum of R-1 (CDCl3, 500 MHz)  

(Table 1) revealed the presence of angular methyl singlets at δH 
0.68 (H-18) and δH 1.00 (H-19) and an oxymethine multiplet at 
δH 3.52 (H-3) which are consistent with a stigmastane steroidal 
nucleus (Fig. 1a) (Hua et al., 2012). Also indicated in the spectrum 
were signals for a trisubstituted olefinic proton signal at δH 5.35 
(H-6) and upfield chemical shifts for a secondary methyl group 
(H-21, δH 0.95, d) and the terminal quaternary methyl group (H-29, 
δH 0.82, overlapping t) of the side chain. The isopropyl group in 
the side chain of the steroidal nucleus was indicated by signals at 
δH 0.84 (H-26, d), δH 0.86 (H-27, d), and δH 1.54 (H-25, m). 

The 13C NMR spectrum (Table 1) showed 29 carbons 
that included six methyls, 11 methylenes, nine methines (including 
an oxymethine), and three quaternary carbon atoms which were 
confirmed by the distortionless enhancement by polarization 
transfer (DEPT-135) spectra. The identifiable signals at δC 140.8 and 

δC 121.7, which are characteristic of a double bond, were assigned as 
C-5 and C-6, respectively. Heteronuclear multiple bond correlations 
(HMBC) between the olefinic proton (H-6) and carbons C-4 (δC 
42.3), C-7 (δC 31.9), C-8 (δC 31.9), and C-10 (δC 36.5) and between 
H-3 and H-9 (δH 1.51) and C-5 confirmed the double bond at C-5/C-6 
(Supplementary Material). The hydroxyl group at C-3 heteronuclear 
single quantum correlations (HSQC) with the oxymethine carbon at 
δC 71.7. Examination of the NMR data of R-1 showed that it was 
compared favorably with reported literature for β-sitosterol (Pierre 
and Moses, 2015; Zhao et al., 2016).

Electron spray ionisation mass spectrometry (ESI-MS) 
data showed the molecular formula of R-1 to be C29H50O. It gave 
a positive test for steroids and absorption bands for a hydroxyl 
group and a single double C=C were shown in FT-IR spectra, 
further confirming R-1 as β-sitosterol.

Elucidation of R-12 as arjunolic acid
The FT-IR spectra of compound R-12, a white 

amorphous powder, displayed absorption bands for hydroxyl and 
olefinic groups at νmax of 3,591 and 1,685 cm−1, respectively. The 
molecular formula was determined as C30H48O5 from a molecular 
ion peak at m/z 511.3438 [M + Na] + in the high resolution electron 
spray ionisation mass spectrometry (HR-ESIMS), suggesting that 
R-12 is a triterpenoid. 

The 1H NMR spectrum of R-12 (500 MHz, CD3OD) 
(Table 2) indicated the presence of six aliphatic methyl singlets 
at δH 0.72 (H-24), 0.84 (H-25), 0.93 (H-29), 0.96 (H-30), 1.05 (H-
26), and 1.20 (H-27) and an olefinic proton at δH 5.27 (H-12, br, 
s). The spectrum also showed resonances for two protons at δH 
3.52 (1H, d) and δH δ 3.56 (1H, m) assigned to methine protons on 
oxygenated carbons. The 13C NMR and DEPT 135 data (Table 2) 
revealed 30 carbon signals that included six methyls (δC 12.4 [C-
24], 16.2 [C-25], 16.4 [C-26], 22.6 [C-30], 25.1 [C-27], and 32.2 
[C-29]) and a carboxyl at δC 180.4 (C-28). The presence of a double 
bond in the 1H-NMR spectrum was corroborated by resonances at 
δC 122.1 and δC 144.0 in the 13C NMR spectrum, assigned to C-12 
and C-13, respectively. Furthermore, the spectrum also showed 
signals for three oxygen-bearing carbons (two oxymethines; δC 
68.3 [C-2] and δC 77.0 [C-3]; and an oxymethylene, δC 65.2 [C-
23]). These data indicated that R-12 possessed an olean-12-en-
28-oic acid skeleton with three hydroxyl groups in its structure  
(Fig. 2) (Ahmad, 1994; Xu et al., 2018). 

Figure 1. Stigmastane steroidal nucleus (a) and HMBC correlations (c) of 
compound R-1 (b).

Table 1. 1H and 13C NMR data of RF-1 and β-sitosterol in deuterated 
chloroform.

Position
RF-1 β -sitosterola

δ C δ H (mult, J in Hz) δ C δ H (mult, J in Hz)

1 39.3 (CH2) 0.99, 1.43 37.9 (CH2) 0.99, 1.73

2 32.6 (CH2) 1.58, 1.26 32.1 (CH2) 2.17, 1.76

3 78.6 (CH) 3.52, m 72.1 (CH) 3.60, m

4 42.3 (CH2) 2.26, 1,98 42.0 (CH2) 2.76, 2.50

5 140.8 (C) – 141.2 (C) –

6 121.7 (CH) 5.35, d 121.0 (CH) 5.41

7 31.9 (CH2) 1.55, 1.90 32.6 (CH2) 1.55, 1.90

8 31.9 (CH) 1.38 32.0 (CH) 1.38

9 51.4 (C) 1.51 50.0 (C) 0.91

10 36.5 (C) – 37.4 (C) –

11 23.7 (CH2) 1.44, 1.45 21.8 (CH2) 1.45, 1.55

12 43.0 (CH2) 1.52, 1.18 37.2 (CH2) 1.98, 1.04

13 46.6 (C) – 44.4 (C) –

14 57.5 (CH) 0.90 56.8 (CH) 0.88

15 26.7 (CH2) 1.04, 1.57 25.0 (CH2) 1.04, 1.55

16 29.8 (CH2) 1.85, 1.25 29.0 (CH2) 1.85, 1.25

17 56.8 (CH) 1.20 58.3 (CH) 1.11

18 12.2 (CH3) 0.68, s 12.4 (CH3) 0.78

19 19.3 (CH3) 1.00, s 19.7 (CH3) 1.08

20 37.3 (CH) 1.40 36.4 (CH) 1.39

21 19.2 (CH3) 0.95, d 19.5 (CH3) 0.99, d

22 36.8 (CH2) 1.20 34.1 (CH2) 1.19

23 28.9 (CH2) 1.25 26.8 (CH2) 1.25

24 49.5 (CH) 0.94 47.1 (CH) 1.01

25 30.2 (CH) 1.54, m 31.9 (CH) 1.69

26 20.1 (CH3) 0.84, d 19.9 (CH3) 0.88

27 21.7 (CH3) 0.86, d 20.5 (CH3) 0.89

28 24.9 (CH2) 1.30 23.8 (CH2) 1.30

29 12.3 (CH3) 0.82, t 12.8 (CH3) 0.94

aNMR data obtained from Zhao et al. (2016).
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The position of the carboxylic acid group at C-17 was 
confirmed based on HMBC correlations between the signal at δH 
2.87 (H-18) with δC 46.7 (C-17) and the carboxyl carbon signal δC 
180.4 (C-28). HMBC correlations between H-18 (δH 2.87) and δC 
144.0 (C-13) and long-range correlations from H-18 (δH 2.87) and 
H-27 (δH 1.20) to δC 122.1 (C-12) together with 1H-1H correlation 
spectroscopy (COSY) correlations between δH 2.01/1.74 (H-11) 
and δH 5.27 (H-12) confirmed the olefinic group at C-12 and C-13. 
Hydroxyl groups at C-2 and C-3 of the oleanane structure were 
evident from both the resonances and pattern of chemical shifts 
of the protons attributed to H-2 (δH 3.56, m) and H-3 (δH 3.52, d), 
which gave HSQC cross peaks with the oxymethine carbons at δC 
68.2 (C-2) and δC 77.0 (C-3), respectively. HMBC correlations from 
the singlet signal at δH 0.72 (H-24) and the oxymethylene protons at 
H-23 (δH 3.31, d/3.37, d) to δC 77.0 (C-3); H-1 (δH 1.93/1.95) to δC 
68.2 (C-2) and δC 77.0 (C-3) together with 1H-1H COSY correlations 
between H-1 and H-2 confirmed the hydroxyl groups at C-2 and C-3 
and established the doublet signal at C-3. The large coupling constant 

between H-2 and H-3 (11 Hz) indicated their axial orientations and 
pointed to the equatorial arrangements of the hydroxyl groups at 
C-2 and C-3 (2α, 3β oriented).

Furthermore, the 1H NMR spectrum revealed two one-
proton doublets (δH 3.29 and 3.38 [J = 11 Hz]) on the 1H NMR 
which showed HSQC correlations with the downfield carbon 
signal at δC 65.2. This in turn showed HMBC cross peaks with 
the oxymethine proton at δH 3.52 (H-3) and the singlet at δH 0.72 
(attributed to the C-24 methyl protons). This information together 
with HMBC correlations between the oxymethylene protons and 
the downfield quaternary carbon resonance at δC 44.2 assigned as 
C-4 and the oxymethine carbon, δC 77.0 (C-3), strongly suggested 
that the third hydroxyl substituent was at C-23 (δC 65.2). 

Therefore, R-12 was elucidated as 2α, 3β, 
23-trihydroxyolean-12-en-28-oic acid. This structure was 
confirmed through HMBC correlations that included long-range 
correlations from the oxymethine proton H-2 (δH 3.56) to C-10 (δC 
38.4); H-3 (δH 3.52) and H-25 (δH 0.84) to C-5 (δC 48.1); H-18 (δH 
2.88) to C-20 (δC 30.9) and C-28 (δC 181.4); H-9 (δH 1.40) to C-12 
(δC 122.1); and H-27 (δH 1.17) to C-13 (δC 144.0).

The spectral data of R-12 correlated well with reported 
literature on arjunolic acid isolated from the stem barks of 
Terminalia arjuna (Combretaceae) (Miriyala et al., 2015; Yaidikar 
and Thakur, 2015); thus, R-12 was identified as arjunolic acid. 
Therefore, we report for the first time, the isolation of arjunolic 
acid from the plant R. indica. All spectroscopic data of R-1 and 
R-12 are available as Supplementary Material.

Anti-inflammatory activity of extracts and compounds
R. indica extract and reference drug, diclofenac, 

exhibited a dose-dependent anti-inflammatory effect (Fig. 3). 
The stem bark extract, RE (at 100 mg/kg body weight), in 
this preemptive protocol, caused the mean edema attained at 2 
hours to be reduced significantly (p < 0.5) by 28.33% ± 6.63% 

Table 2. 1H and 13C NMR data of RF-12 and arjunolic acid.

Position
RF-12 Arjunolic acida

δ C δ H (mult, J in Hz) δ C δ H (mult, J in Hz)

1 46.9 (CH2) 1.93, 1.95 47.1 1.32, 1.21

2 68.3 (CH) 3.56, m 68.9 3.52, ddd

3 77.0 (CH) 3.52, d 78.7 3.36, d

4 44.2 (C) – 43.5 –

5 48.1 (CH) 1.32, s 48.4 1.15, s

6 18.6 (CH2) 1.52, 1.27 18.6 1.28, 1.17

7 33.4 (CH2) 1.56, 1.31 33.1 1.38, 1.22

8 39.8 (C) – 40.1 –

9 48.2 (CH) 1.40, s 48.5 1.26, s

10 38.4 (C) – 38.5 –

11 23.8 (CH2) 2.01, 1.74 23.8 1.91, 1.53

12 122.1 
(CH)

5.27, br, s 123.5 5.17, br, s

13 144.0 (C) – 144.1 –

14 41.8 (C) – 42.4 –

15 28.1 (CH2) 1.36, 1.10 28.3 1.24, 1.13

16 23.9 (CH2) 1.61, 1.31 23.9 1.60, 1.36

17 46.7 (C) – 47.0 –

18 43.2 (CH) 2.87, dd 43.5 2.62, dd

19 46.5 (CH2) 1.49, 1.24 46.3 1.52, 1.22

20 31.1 (CH) – 30.7 –

21 34.3 (CH2) 1.56, 1.31 34.2 1.28, 1.17

22 33.1 (CH2) 2.01, 1.76 33.0 1.28, 1.17

23 65.2 (CH2) 3.31, d; 3.37, d 67.2 3.06, d; 3.18, d

24 12.4 (CH3) 0.72, s 14.0 0.53, s

25 16.2 (CH3) 0.84, s 17.6 0.71, s

26 16.4 (CH3) 1.05, s 17.2 0.92, s

27 25.1 (CH3) 1.20, s 26.1 1.11, s

28 180.4 (C) – 178.6 –

29 32.2 (CH3) 0.93, s 29.1 0.86, s

30 22.6 (CH3) 0.96, s 23.7 0.86, s

aNMR data obtained from Yaidikar et al. (2015).

Figure 2. An oleanane-type triterpenoid skeleton (a) and HMBC correlations (c) 
of compound R-12(c).
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of the inflamed control response (Fig. 3c). Diclofenac (at 100 
mg/kg body weight), within the same period, inhibited edema 
formation by 48.74% ± 8.63% (Fig. 3a). Similarly, the isolated 
compounds sitosterol (R1) and arjunolic acid (R12) showed 
dose-dependent inhibition of edema induced in the 7-day-old 
chick (Fig. 4). The rank order of activity, as measured by the 
ED50, was diclofenac ˃ crude extract (Re) ˃ arjunolic acid (R12) 
˃ sitosterol (R1) (Table 3).

Antioxidant activities of extracts and compounds
The extract, isolates, and ascorbic acid showed 

considerable DPPH radical scavenging activities. Ascorbic acid 
showed a higher free radical scavenging effect than crude extract 
(RE) (Table 3). The crude extract was also a more potent scavenger 
of the DPPH radical than arjunolic acid (R12) and sitosterol (R1), 
respectively (Table 3). Similarly, in the total antioxidant capacity 
assay, measured as the AAE, the hydroethanolic stem bark extract 
was about two and 16 times more powerful an antioxidant than 
sitosterol and arjunolic acid, respectively (Table 3).

Antimicrobial activities of extracts and compounds
The MIC of Reissantia extract and its isolated compounds 

sitosterol and arjunolic acid against the Gram-negative and Gram-
positive bacteria were within the range of 2.5–20 mg/ml (Table 4). 
The crude extract was more active than the isolated compounds. 

Sitosterol was not active at the highest tested concentration (20 
mg/ml). 

DISCUSSION
Inflammation is associated with a number of triggers 

including microbial infections, environmental exposures (including 
asbestos exposure and smoke inhalation), and immune diseases. 
There is growing evidence of the implication of inflammation in 
almost all diseases (Hunter, 2012). Inflammation studies have, 
therefore, gained wide attention in the understanding of a number 
of human diseases. Thus, anti-inflammatory agents/compounds 
could be repurposed for other diseases and open a vast range of 
possibilities in their medical applications (Arulselvan et al., 2016).

The present research, therefore, explored the anti-
inflammatory, antioxidant, and antimicrobial activities of 
R. indica, an acclaimed folklore medicine for inflammatory 
diseases and infection control. In the anti-inflammatory study, 
acute inflammation was induced by injecting kappa-carrageenan 
in the right footpad of the chicks. It is used as an edemogenic 
agent because inflammation induced with carrageenan is easily 
reproducible. Also, carrageenan is able to mimic the acute 
inflammatory phase by provoking the release of proinflammatory 
markers like histamine, serotonin, bradykinin, and prostaglandin 
involved in acute inflammation (Obiri and Osafo, 2013). 
Reissantia indica and its compounds showed considerable anti-

Figure 3. Effect of oral administration of RE (30–300 mg/kg) and diclofenac (10–100 mg/kg) on time-course curves (a, c) and the total edema response (b, d) expressed 
as AUC. Values are mean ± SEM (n = 5). *p < 0.05; **p < 0.01; ***p < 0.001 compared to the vehicle-treated group (one-way ANOVA, followed by Dunnett’s post 
hoc test).
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Figure 4. Effect of isolates R1 and R12 at doses 10–100 mg/kg (per os) on time-course curves (a, c) and the total edema response (b, d) expressed as AUC. Values are 
mean ± SEM (n = 5). *p < 0.05 compared to the vehicle-treated group (one-way ANOVA, followed by Dunnett’s post hoc test).

Table 3. Antioxidant and anti-inflammatory activities of extracts and isolates from R. indica stem bark.

Extract/compound DPPH IC50 (µg/mL) ± SD Total antioxidant capacity 
(TAC) AAE (mg/g of material) ED50 (mg/kg body weight)

RE 44 ± 3.85 300 ± 4.24 33.02 ± 3.66

R1 67.34 ± 3.42 22 ± 2.21 116.4 ± 2.47

R12 65.21 ± 2.49 124 ± 2.33 34.77 ± 4.61

Ascorbic acid 25.25 ± 6.59 Not tested

Diclofenac Not tested Not tested 20.49 ± 2.26

AAE = ascorbic acid equivalent; RE = hydroethanolic extract of R. indica; R1 and R12 = compounds sitosterol and arjunolic acid, 
respectively; TAC: total antioxidant capacity.

Table 4. MIC of R. indica extract, isolated compounds, and reference drugs.

Organisms Extract R1 mg/ml R12 Clotrimazole 1% Ciprofloxacin µg/ml

K. pneumonia 5 ˃ 20 10 NT 62.5

S. aureus 5 ˃ 20 10 NT 250

S. typhi 5 ˃ 20 5 NT 250

E. coli 2.5 ˃ 20 2.5 NT 250

E. faecalis 2.5 ˃ 20 5 NT 125

P. aeruginosa 5 ˃ 20 5 NT 250

S. pneumonia 2.5 ˃ 20 5 NT 125

C. albicans 5 ˃ 20 10 < 1% NT

NT = not tested; R1 = sitosterol; R12 = arjunolic acid.
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inflammatory activities. The total footpad swellings induced 
over the 5-hour period was significantly (p < 0.05) inhibited by 
48.26% ± 2.3% and 42.21% ± 4.13% at the 300 mg/kg and 100 
mg/kg body weight treatment groups, respectively, compared to 
the inflamed control response. Diclofenac, at doses of 100 and 30 
mg/kg, inhibited edema formation by 62.05 ± 3.20 and 48.19% ± 
1.42%, respectively (Fig. 3a).

The anti-inflammatory activity of the extract, as 
measured by the ED50, was about four times higher than that of 
sitosterol but very much comparable to that of arjunolic acid (Table 
3). Carrageenan-induced edema in murine models is biphasic 
(Vinegar et al., 1969). Phase one lasts 1–2 hours and is mainly 
enhanced by proinflammatory markers and increased synthesis of 
prostaglandins by the surroundings injured tissues. Also, phase 2 
is maintained by the actions of prostaglandins and other leucocytes 
(Vasudevan et  al., 2007). Although the exact mechanisms of 
action of extract and the isolates are not yet known, the probable 
anti-inflammatory activity exhibited by R. indica stem bark 
could be due to the attenuation of the production and release of 
inflammatory mediators involved in carrageenan-induced edema. 
This result suggests that R. indica and its isolates act in both the 
early and later phases of carrageenan-induced edema (Figs. 3 and 
4). This validates its use in folklore medicine.

The stem bark extract of R. indica also showed 
considerable free radical scavenging activity (Table 3). The 
activity of the extract was higher than that of its bioactive 
compounds sitosterol and arjunolic acid. This is also reflected 
in the total antioxidant capacity assay. The activity was about 14 
and two times more than these respective compounds (Table 3), 
suggestive of potential synergistic activity of the constituents. The 
antioxidant activity may lend support to the anti-inflammatory 
activity observed in this study because during the inflammatory 
process, there is enhanced production and release of reactive 
oxygen radicals, alongside other mediators, due to the presence 
of leukocytes and mast cells at the site of inflammation (Coussens 
et al., 2002; Hussain et al., 2003). The “oxidative-inflammatory” 
environment created may lead to oxidative stress, which has been 
shown to damage vital cellular structures, leading to a number 
of chronic diseases. Antioxidant molecules can remove excess 
free radicals and restore reactive oxygen species formation and 
endogenous antioxidant defense balance, thereby halting disease 
progression (Arulselvan et al., 2016). The extracts and compounds 
also showed considerable antimicrobial activities against a host 
of Gram-negative and Gram-positive organisms. The activities 
were, however, weak compared to ciprofloxacin and clotrimazole 
used as reference agents. Reissantia indica stem bark may owe its 
antimicrobial activity, in part, to arjunolic acid (Table 4) since the 
other isolated compound, sitosterol, was not active at the tested 
concentration (20 mg/ml). 

The biological activities of the triterpenoids sitosterol 
and arjunolic acid, reported in this study, are in agreement with 
the reflections of a number of authors. For example, arjunolic 
acid has been found to maintain the levels of antioxidant 
enzymes, including glutathione peroxidase, glutathione reductase, 
glutathione-S-transferase, and catalase superoxide dismutase, 
thereby reducing oxidative stress (Nanda et al., 2017). Facundo 
et al. (2005) reported the anti-inflammatory, antinociceptive, and 

anticholinesterase activities of arjunolic acid from Combretum 
leprosum root. It is used as a cardiotonic in Ayurvedic medicine 
due to its ability to prevent myocardial necrosis, platelet 
aggregation, and blood pressure-lowering activities (Hemalatha 
et  al., 2010). The cytoprotection exerted by arjunolic acid has 
been ascribed to its ability to reduce oxidative stress by enhancing 
the levels of antioxidants. Elsewhere, its antimicrobial activities 
are well documented (Masoko et al., 2008). Sitosterol is also on 
record to exhibit anti-inflammatory, antioxidant, antimicrobial, 
and antidiabetic properties (Gupta et al., 2011; Ododo et al., 2016; 
Paniagua-Pérez et al., 2016).

Reissantia indica, like other members of the Celastraceae, 
is known to accumulate mainly triterpenoids. The triterpenoids 
reissantenol oxide, sitosterol, canophyllol, pristimerin, and 
tingenone have been documented from the stem bark of the plant 
(Gamlath et al., 1989). However, to the best of our knowledge, this 
is the first record of the isolation of arjunolic acid from R. indica.

CONCLUSION
Reissantia indica hydroethanolic stem bark extract shows 

considerable anti-inflammatory, antioxidant, and antimicrobial 
properties as suggested by folklore medicine. The activities were 
due to its triterpenoids sitosterol and arjunolic acid. Arjunolic 
acid is reported for the first time in R. indica and contributed 
significantly to the observed biological activities of the plant.
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