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ARTICLE INFO ABSTRACT

The leaf of Lasimorpha senegalensis Schott. (Araceae) is widely used as one of the traditional
remedies for swellings, edema, pain, tumours and other inflammatory problems in southeastern
Nigeria. However, its anti-inflammatory potential has not been scientifically established. This
work evaluated the anti-inflammatory activity of its methanol leaf extract using the carrageenan-
induced hind paw edema test and the cotton-pellet granuloma assay. For each model, different
concentrations (200 mg/kg, 400 mg/kg and 800 mg/kg) of the extract was administered to each
experimental group of Wistar rats (120 — 150 g; n=5). Ibuprofen (100 mg/kg) served as standard
drug while normal saline (1 ml/kg) was used as negative control. Microscopic evaluation, quality
standard and GC-MS analysis of the extract were also established following standard protocols.
The extract (at all doses tested) significantly (p < 0.05, p < 0.01) decreased paw edema within the
Copyright: © 2024 Nwafor et al. This is an open-  first 8 hours of treatment, to as much as 80 %, with better activity than ibuprofen. The extract also
access article distributed under the terms of the  generally inhibited granuloma tissue formation (by as much as 70 %) in the rats, and in a dose-
Creative Commons Attribution License, which  dependent manner. Microscopy revealed features of taxonomic importance such as the stomata
permits unrestricted use, distribution, and reproduction  parameters while the quality standards (ash and extractive values) were found to conform to
in any medium, provided the original author and  existing monographs. Among 18 compounds identified by GC-MS, terpene-4-ol, palmitoleic acid,
source are credited. n-hexadecanoic acid, octadecanoic acid and 22-stigmasten-3-one are proven anti-inflammatory
agents. These results justify the local use of the leaf of L. senegalensis, in the treatment of
inflammatory conditions.
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Introduction

Inflammation is one of the common complaints, after pain,
in most patients suffering from disease conditions.! Inflammation is a
host defense mechanism to combat or overcome the invading pathogen
or the foreign particles. Understanding inflammation has always been
an enigma for mankind. Something as minor as a bruise or something
as major as a myocardial infarction can trigger this phenomenon.! The
major classes of drugs to suppress inflammation are nonsteroidal anti-
inflammatory agents (NSAIDS) and corticosteroids but their toxic
adverse effects such as epigastric distress, peptic ulceration, osteoporosis,
and iatrogenic Cushing's syndrome have limited their use. In order to
minimize these side effects, medicinal plants provide excellent alternative
forms of healthcare delivery. Their bioactive compounds such
as flavonoids, saponins, alkaloids, terpenoids, glycosides,
and coumarins remain the future building blocks in developing new
anti-inflammatory agents, which could be more efficacious, safer,
affordable, and accessible for patients.>  Contribution of herbal
medicine (drug from botanical sources) in traditional healthcare
delivery cannot be overemphasized.
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It is estimated that 80% of the world’s population make use of herbal
remedies, in one form or the other, to manage and/or treat ailments.
Furthermore, an appreciable number (about 25%) of modern drugs
commonly prescribed today as well as some other pharmaceutical
products have at least one ingredient in them derived from a medicinal
plant.4 5 Herbal drugs have gained popularity in global markets where
they are sold in raw or processed forms and as formulations. However,
their increased demand rate has led to concerning issues of substitution
and adulteration.® It is to this effect that evaluation and standardization
of herbal drugs came into practice. Standardization is achieved by
following certain laid-down procedures that ensure quality control and
reproducibility of herbal products. In this chapter, the authors highlight
the various concepts of substitution/adulteration of herbal drugs, the
needs for standardization, and various evaluation and analytical
techniques (botanical, microscopic, physical, chemical, toxicological
and biological) that ensure correct identity, purity, quality, potency,
efficacy and safety of herbal drugs.”

Lasimorpha senegalensis Schott. (Araceae), commonly known as
‘swamp arum’ is a herbaceous, monocotyledonous and monospecific
plant that belongs to Araceae. It remains the only African representative
of the genus.® ® The plant is found mainly in aquatic and/or moist
habitat, where it spreads profusely through thick stoloniferous
rhizhomes that produce bunch of leaves from underground, forming
large populations without major biodiversity threat.!® ' Even though
members of this family are considered toxic and irritating, mainly as a
result of abundant proteinaceous toxins and calcium oxalates in their
cell sap,'? different morphological parts are wildly harvested for food
and medicine. For instance, cooked leaves are taken by pregnant women
in Congo to aid child delivery, and also infused as herbal concoctions
for treatment of cough, agitation, nervousness and ulcer.*> 1% The leaf
sap and fruits are some of the herbal ingredients used to treat hiccups
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and sexually transmitted diseases in Cote d’Ivoire and southern Nigeria
respectively.'® Cooking salt is extracted from burnt aerial parts in Sierra
Leone and Gabon, while the broad leaves are used as food wrappers.**
Ethnobotanical survey within southeastern Nigeria (unpublished)
revealed that leaf decoction is taken as a traditional remedy for hepatitis
and fever. Despite all these ethnomedicinal uses, there remains scarcity
of research reports on its phytochemical constituents and
pharmacological activities. Chigor et al.'* however, reported its
antioxidant and hepatoprotective potentials. Therefore, the aim of this
work was to establish the its pharmacognostic and chemical profile as
well as assess the potentials of the methanol leaf extract as an anti-
inflammatory agent on animal models.

Materials and Methods

Plant Collection and Identification: Fresh and healthy leaves of
Lasimorpha senegalensis were harvested from a river bank at
Nkpologu, Enugu State, Nigeria located between 6°51'24"N and
7°23'45"E in July 2018. The sample was taken to the Herbarium of the
Department of Pharmacognosy and Environmental Medicines,
University of Nigeria, Nsukka, where it was identified by a Plant
Taxonomist, Mr Felix Nwafor and voucher sample (PCG/UNN/0335)
was deposited in same herbarium.

Processing and Extraction of Plant Material: The leaves were washed
with tap water, drained and allowed to dry under shade at room
temperature (25 + 2°C). The dried leaves were ground with mortar and
pestle to a coarse powder. Crude extract was obtained by Soxhlet
extraction for 8 hours using 95% methanol as the solvent. The obtained
extract was dried in a water bath at 35°C. The extract was stored in an
amber bottle and refrigerated until further use.*

Botanical and Physicochemical Evaluation

The sample was subjected to various botanical studies including
macroscopy, microscopy, histochemistry, and physicochemical
analyses.

Macroscopic and microscopic analyses

The sample was thoroughly observed for morphological and
organoleptic properties. Microscopic studies began with the leaf
epidermal analysis. Here, fragments of the fresh leaves were cleared
with 3.5% sodium hypochlorite by soaking for 18 hours. The leaf
epidermises were extracted with a sharp razor blade. Transverse section
of the leaf was obtained with sledge microtome. Safranin (20%) and
glycerin (10%) served as stain and mountant respectively. The prepared
slides were viewed and studied under Motic 2.0 camera attached to
Motic B3 trinocular light microscope (USA). Quantitative
measurements were done with the help of the in-built camera
software.

Chemomicroscopic and histochemical analyses

A pinch of the sample powder was cleared with chloral hydrate solution
and used for the detection of lignin, calcium oxalates, starch, gum and
mucilages, lipids, and proteins by staining with appropriate reagents
(Table 1). Stained samples were viewed and studied under Motic 2.0
camera attached to Motic B3 trinocular light microscope (USA) and
photomicrographs were taken.®

Analysis of physical properties

Physical parameters of the powdered drug were determined to evaluate
the loss on drying (moisture content), ash values (total ash, acid-
insoluble ash and water-soluble ash) and extractive values (petroleum
ether, chloroform, ethylacetate, methanol and water) following standard
procedures Onyekere et al.6 briefly described below:

Loss on drying (moisture content): This was determined by heating a
known quantity of the sample in the oven at 105°C until constant weight
was achieved. The percentage of the difference between the initial and
final weights was calculated as the percentage moisture content.

Ash value: Total ash was estimated by igniting a known quantity of the
sample in a muffle furnace at high temperature (800°C) until all the
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carbon was eliminated. Percentage ash value was calculated in respect
to the weight of starting material. Acid insoluble and water soluble ash
values were estimated by dissolving a known quantity of the ash in
dilute HCI and hot water respectively. They were then filtered and the
respective variables were calculated in respect to the weight of starting
material 16

Extractive values: The sample was tested for its extractive values in
petroleum ether, chloroform, ethylacetate, methanol and water. In each
case, 5 g of the sample was loaded in soxhlet extractor thimble. Each of
the solvents (50 ml) was used to achieve exhaustive extraction of the
plant material. Water extractive value was achieved by soaking 2 g of
the sample in 25 ml of water for 24 hours with continuous stirring, and
filtered. The respective extracts were dried in an evaporating dish using
hot air oven at 105°C until constant weight. This was repeated thrice
with each of the solvents and extractive values were calculated in
percentage of the starting material .*®

Phytochemical screening

Qualitative phytochemical screening was carried out according to
standard procedures of Sofowora,” Trease and Evans'® and Vijisaral
and Subramanian® using specific reagent methods as follows:
Alkaloids (Dragendorff’s reagent), flavonoids (alkaline test), reducing
sugars (Fehling’s test), saponins (Frothing test), glycosides (Legal’s
Test), carbohydrates (Molisch’s test), steroids (Liebermann-Buchard’s
test), terpenoids (Liebermann-Buchard’s test), tannins (Ferric chloride
test) and phenolics (ferric chloride test).

Gas Chromatography-Mass Spectroscopy (GC-MS) Analysis

The methanolic extract of the sample was run on a GC-MS analyzer
(Agilent Technologies 7890 USA, equipped with MS detector 5975
Agilent Technologies and HP5 MS capillary column of
30.00m x 0.320 mm inner diameter x 0.25 pm film thickness). The
injection, mass transfer line and ion source were set at 250°C. The oven
temperature was programmed from 80°C, held for 2 min at a rate of
10°C/min to 240°C and held for 6 min. Helium was used as carrier gas
with a constant flow rate of 2 mL/min. The injected volume of test
sample was 1 pL with a split-less mode. The volatile components of the
test fractions were identified on the basis of GC retention time on fused
silica capillary column, by comparison of their mass fragmentation
pattern with literature reports and by computer matching with standard
spectra (NIST 2014 version 2.1.0).%

In vivo anti-iflammatory assays

Source of Animals: Adult male Wister rats weighing between 95 to 110
grams were purchased from the animal house of the Faculty of
Veterinary Medicine, University of Nigeria, Nsukka. They were housed
in groups of 5, at temperature of 25 =1 °C and fed with commercial
animal feed and clean water ad libitum.

Carrageenan-induced Edema Model: Animals were randomly divided
into 5 groups of 5 rats each: group I: Control (Iml of normal saline);
group I1: Extract (100 mg/kg b.w., group IlI: Extract (200 mg/kg b.w.,
group 1V: Extract (400 mg/kg b.w., group V:ibuprofen (100 mg/kg
b.w.).

Table 1: Result of powder chemomicroscopy of the leaf of L.
senegalensis

Parameter Reagent(s) Result

Calcium oxalates  lodine solution Present; Both prism-
Conc. Sulphuric acid shaped and raphides

Cellulose Zinc chloride; Present

Conc. Sulphuric acid
Gum/Mucilage Ruthenium red Absent
Lignified tissues ~ Conc. HCI + Phloroglucinol Present
Qil Sudan 111 reagent Present

Starch grains lodine solution Present
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The animals were pretreated with drug or extract orally 1 hr before the
experiment. A 0.05 ml of 1% carrageenan was aseptically injected into
the sub-plantar surface of right hind paw of each rat. Paw edema was
measured with venier calipers at 0 hour, 1 hour, 2 hour, 4 hour and at
the end of 8 hours. Percentage inhibition/protection against edema
formation was taken as the measure of acute anti-inflammatory activity
as the difference between the mean size of edema (measured using
vernier calipers) in treated animals in respect to the mean size of edema
in untreated animals.?

Cotton Pellet Induced Granuloma Model: This is chronic anti-
inflammatory activity model adopted from Al-Hejjaj et al.?® Briefly,
previously sterilised and pre-weighed cotton pellets (10 + 2 mg) were
implanted subcutaneously in the groin of each rat. They were fed ad
libitum and allowed access to clean water while the respective drugs
were administered daily for 14 days. On the 15" day, the animals were
sacrificed and the granulation tissues embedded cotton balls were
brought out, cleaned of the extraneous tissue and dried in a hot air oven
to a constant weight. The weight of granuloma weight was estimated
from between dry weight cotton pellets before implantation and dry
weight of the granulation tissues embedded cotton balls after
implantation. Percentage anti-granuloma activity is the percentage of
mean weight of granuloma treated animals in respect to the mean weight
of granuloma in untreated animals.

Statistical Analysis

Results obtained from the experiments were processed on Microsoft
Excel Spreadsheet (Version 2010) and One-way analysis of variance
(ANOVA) followed by Duncan’s post hoc test at P < 0.05 were carried
out using statistical package for social sciences (SPSS) (version 16).1

Results and Discussion

Field observations and macroscopy revealed the Lasimorpha
senegalensis is a herbaceous monocot plant of the arum family and
naturally grows in swampy situations. It has broad sagitate leaves (28 —
35 cm long and 13 — 22 cm broad) and long petioles (36 — 42 cm)
covered with prickles. The leaves are deep green when fresh but,
becomes lighter coloured after drying (Figure 1). Foliar epidermal
studies showed that the leaf is amphistomatic (bearing stomata on both
the adaxial and abaxial surfaces of the leaves) with more stomata on the
abaxial (lower) surface. Stomata were paracytic (had two subsidiary
cells lying parallel to the guard cells) with elongated and kidney-shaped
guard cells. Epidermal cells are polygonal in shape with straight
anticlinal cell wall, which are thicker on the abaxial surface than on the
adaxial surface (Figure 2). The transverse section showed the leaf is
covered by a cuticle and single-layered epidermis. This is followed by
series of column shaped palisade mesophyll cells and spongy
mesophylls. The circular vascular bundle (consisting of the phloem,
cambium and xylem) and central pith are seen (Plate 1).

Quantitative stomata parameters on the adaxial and abaxial surfaces
respectively were: stomata density (25.00 + 2.58 mm2 and 175.00 +
6.49 mm2), stomata length (29.78 + 1.51 um and 26.20 + 0.75 um),
stomata width (17.74 = 1.55 ym and 15.47 = 0.80 um), stomata
size/area (530.21 + 69.08 um? and 405.23 + 21.11 um?) and stomata
index (3.48 + 0.34% and 16.83 + 0.52%). These findings corroborate
Vaidya? on the stomatal complexes of some members of Araceae and
reported parasitic stomata and kidney-shaped guard cells in Caladium
and Schismatoglottis species. Stomata indices are rarely affected by
environmental conditions and are therefore relevant in identification
and authentication herbal drugs, even when in powdered form.*> 22 The
chemomicroscopy analysis indicated the presence of lignin, calcium
oxalate crystals, starch, cellulose, oil and lignin, while gum and
mucilage were absent (Table 1). These are also important identification
markers.?? Raphides and calcium oxalate crystals which were observed
here are characteristic of the members of this family and are considered
the cause of their toxic and irritating properties. However, when
properly processed by boiling, the toxic effects of calcium oxalates are
reduced to minimal.*? Therefore, decoction method adopted by the local
people is appropriate for preparation this drug is in order to avoid
calcium oxalate poisoning in the patients.
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The crude drug had appreciable extractive yield with methanol (16.22
+ 0.17%) and ethanol (14.42 £ 0.22) while non-polar pet. ether yielded
poorly at 4.23 + 0.15%. Loss on drying and total ash value were 8.63 £
0.09% and 6.77 £ 0.09% respectively. These and more physicochemical
parameter are presented in Table 2. High total ash value is often an
indication of impurities in form of extraneous matter or soil particles in
the drug sample. The percentage water soluble ash gives an idea of
water exhaustible drugs while the percentage acid insoluble ash
indicates the amount of silica present, especially as sand and siliceous
earth. High moisture content of a drug sample results to a higher risk of
deterioration of the drug sample by microorganisms, which is very
important in estimating its shelf-life. Extractive values determine the
nature of active constituents present in a given medicinal plant material.
The results implied that the drug had more of polar (hydrophilic)
compounds than non-polar (hydrophobic) compounds.'® All these
indices are necessary and will be helpful in developing the quality
assurance specifications and monograph for this drug.”

Preliminary phytochemical screening showed presence of all the tested
groups in varying amounts (Table 3). These phytoconstituents are
known for different therapeutic functions.

@ o
Figure 1: Macroscopic features of the leaves of L. senegalensis:
(@ and (b) are habit and sliced/dried leaves photographs
respectively

Figure 2: Leaf epidermal strips of L. senegalensis: (a) adaxial
surface; (b) abaxial surface; epidermal cells (yellow arrows) and
stomata (red arrows) were present on both surfaces

., 0 ° - ¢ B

mar ‘1'&5".‘.'“"' .. .
Plate 1: Transverse section of the leaf of L. senegalensis
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For example, alkaloids exhibit analgesic, antimalarial, antispasmodic,
psychostimulant and antimalarial effects; Glycosides and steroids are
hormonal and have some effects on fertility; terpenoids tannins,
phenolics and flavonoids are polyphenolic compounds known to
possess  antioxidant, anticarcinogenic, anti-inflammatory and
antimicrobial properties; saponins are haemolytic and lower
cholesterol.?? Gas chromatography-mass spectrometry (GC-MS)
analysis identified a total of 18 bioactive compounds in the methanolic
leaf extract such as terpen-4-ol, phytol, palmitoleic acid, squalene, 4-
methyldecosane among others (Table 4). Their chemical structures are
also presented in Figure 1. Among these compounds, terpene-4-ol,2 %
palmitoleic acid,?* n-hexadecanoic acid,! octadecanoic acid® and 22-
stigmasten-3-one®® are proven anti-inflammatory agents. They have
also been established to possess other activities such as anticancer,?
antibacterial,?” hepatoprotective?® among others (Table 7).
Inflammation is the integral part of the body’s defense mechanism.
Acute inflammation is characterized by vasodilatation, exudation of
plasma, release of various inflammatory mediators, cytokines, growth
factors and emigration of leukocytes.?® Carrageenan is regarded as an
established phlogistic agent/oedemogen and edema induced by the
subplantar injection of carrageenan in the rat hind paw is reported to
have been inhibited by a number of steroidal and non-steroidal anti-
inflammatory drugs.®® In our study the methanol extract of L.
senegalensis (100 mg/kg, 200 mg/kg and 400 mg/kg) significantly
reduced edema induced by the carrageenan (Table 5). The percent
inhibition of paw edema by ibuprofen at the 8th hour was 55.11% while
those of LMCE were 24.54%, 52.1% and 54.66% respectively (Figure
2). Hence the extracts (especially at 400 mg/kg) showed anti-
inflammatory activity comparable to that of ibuprofen. .

Cotton wool granuloma is a method for testing the proliferative phase
i.e granuloma formation, provoked by the subcutaneous implantation of
compressed cotton pellets. The percent inhibition of granuloma
formation by ibuprofen was 91.79% and that of the extract were
45.24%, 63.32%, 87.59% and 91.79% respectively (Table 6 and Figure
3). Hence the extract showed (P >0.05) anti-granuloma activity as that
of ibuprofen (P < 0.05). . The additional finding was the body weight
loss observed in the ibuprofen group than the LMCE treated animals,
suggest that ibuprofen induced gastritis might be responsible for the
reduced food intake and leading to loss of weight.®! Though LMCE
showed less chronic anti-inflammatory activity compared to ibuprofen
further assessment of LMCE with change in the dosage, solvent extracts
and other chronic inflammatory models, will throw more light on its
chronic anti-inflammatory activity. These results are in agreement with

Jose and Antony,3! Sabu and Kuttan,®? Benni et al.?® and Meshram et
al.®

Table 2: Physical parameters of the crude drug (leaf powder of
L. senegalensis)

Parameter Mean value (%)
Percentage yield 16.22 £0.17
Loss on drying 8.63 £ 0.09
Ash value 6.77 £0.09
Acid insoluble ash 2.49 +0.02
Water soluble ash 4.00+£0.14
Water extractive value 9.00+£0.20
Alcohol extractive value 14.42 £0.22
Ethyl acetate extractive value 4.23+0.19
Chloroform extractive value 9.03+0.09
Pet. ether extractive value 4.23+0.15

Values expressed as mean + SEM; n=3
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Conclusion

In conclusion, methanol leaf extracts of L. senegalensis, at the tested
doses possesses anti-inflammatory activity. and therefore justifies its
local use by the indigenous people in management and treatment of
inflammatory conditions. The phytochemicals present in the plant could
be responsible for these activities. Further studies using different
models are recommended to understand the mechanisms of action and
explore other techniques such as HPLC etc. in identifying other
phytoconstituents.
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Table 3: Result of preliminary phytochemical screening

Phytoconstituent Observation
Tannins +
Flavonoids +
Alkaloids +
Hydrogen cyanide +
Glycosides +
Phenolics +
Terpenoids +
Steroids +
Saponins +
+ present

Percentage inhibition of edema by crude

.o methanol extract of L. senegalensis leaf

50 245237
377" 40.6%
40 3158]:
30 24,97
19.4

20

9.06 I
10 Lzai
o I ||

=
8 hr

10 1 hr 2 hr 4 hr

Time after edema induction (hour)

Percentage inhibition of edema (%)

M LMCE (100 mg/kgbw) W LMCE (200 mg/kgbw)
W LMCE (400 mg/kgbw) ® Ibuprofen (100 mg/kgbwv)

Figure 3: Percentage inhibition of edema by the methanolic
extract of L. senegalensis

%Wt Gain % Anti-granuloma

activity

PERCENTAGE WT. GAIN (%)

Figure 4: Percentage weight gain and anti-granuloma activities
of the methanolic extract of L. senegalensis
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Table 4: GC-MS analysis result of the methanolic leaf extract of L. senegalensis

Peak R. time (min.) Peak Area (%) IUPAC Name Molecular formula Molecular weight (g/mol)

1 6.62 1.94 Terpinen-4-ol C10H180 154.25

2 13.87 457 6,10,14-Trimethylpentadecan-2-one Ci8H3s0 268.5

3 13.94 2.66 Bicyclo[3.1.1]heptane, 2,6,6-trimethyl- CioHis 138.25

4 14.15 0.93 3-Azabicyclo[3.2.2]nonane CsHisN 125.21

5 14.31 1.22 Phytol, acetate C22H4202 338.6

6 14.66 1.62 Palmitoleic acid C16H3002 254.41

7 14.87 16.10 n-Hexadecanoic acid Ci6H3202 256.4241

8 16.16 20.36 Phytol C20H400 296.5

9 16.23 8.89 9,12-Octadecadienoic acid (Z,2)- CisH3202 280.4455

10 16.30 17.25 9-Octadecenoic acid C18H3402 282.4614

11 16.50 5.63 Octadecenoic acid Ci18H3402 282.5

12 17.87 1.00 2-Piperidinone, N-[4-bromo-n-butyl]- CoH16BrNO 234.133

13 18.96 1.23 3-Eicosene, (E)- C20Hao 280.5316

14 19.98 3.17 22-Stigmasten-3-one Ca9H4s0 412.7

15 20.21 5.51 1,2,15-Pentadecanetriol C15H3203 260.41

16 20.32 3.13 Squalene CsoHso 410.730

17 20.44 4.14 8-1sopropenyl-1,5-dimethyl-cyclodeca-1,5-diene ~ CisH24 204.35

18 20.67 0.65 4-Methyldocosane CasHas 324.6

Table 5: Mean paw diameter of the animals at different periods

Treatment group 0 Hour 1hr 2hr 4 hr 8 hr
Control (Untreated) 0.55 +£0.03 0.60 + 0.04 0.63 £ 0.02 0.62 £ 0.02 0.59 £0.01
LMCE (100 mg/kgbw) 0.56 +0.01? 0.61 +£0.032 0.51 £0.01° 0.49 £ 0.02° 0.44 £ 0.02°
LMCE (200 mg/kgbw) 0.53 £ 0.01? 0.55 +0.02° 0.43 £0.02° 0.37 £ 0.02% 0.28 +0.01¢
LMCE (400 mg/kgbw) 0.51 £ 0.01? 0.48 £0.02° 0.39 £ 0.02° 0.36 £ 0.01° 0.27 £0.01°
Ibuprofen (100 mg/kgbw) 0.55 +0.01? 0.45 +0.02° 0.36 £ 0.01° 0.36 £ 0.01° 0.26 £ 0.01°

Values expressed as mean = SE; n=5
Means with different letters as superscripts are significantly different at p <0.05
LMCE = Lasimorpha methanol crude extract

Table 6: Mean animal weight and granuloma weight among the treatment groups

Treatment group Initial weight (g) Final weight (g) Weight gain (g) Wi. of granuloma (mg)
Control (Untreated) 104.74 +£3.23 133.04 +4.88 28.30 +4.23 78.60 £5.10%

LMCE (100 mg/kgbw) 101.84 +£4.232 131.94 +7.01° 30.10 + 3.54¢ 42,00 +2.81°

LMCE (200 mg/kgbw) 109.48 + 3.532 153.28 + 3.942 43.80 +£2.39° 28.00 +1.87¢

LMCE (400 mg/kgbw) 98.12 +5.98* 143.22 + 6.90° 45.10 + 3.29° 10.00 + 5.484

Ibuprofen (100 mg/kgbw)  93.64 + 3.98° 130.68 + 6.43° 37.04 +£3.78° 6.00 + 0.24¢

Values expressed as mean + SE; n=5
Means with different letters as superscripts are significantly different at p <0.05
LMCE = Lasimorpha methanol crude extract
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Table 7: Reported pharmacological activities of the compounds revealed by GC-MS analysis of the leaf of L. senegalensis

ISSN 2616-0684 (Print)

ISSN 2616-0692 (Electronic)

Peak  Compound Pharmacological Activities

1 Terpinen-4-ol Anti-inflammatory,? 2% anticancer,?® antibacterial,?” 3 34 antimicrobial®

2 2-Pentadecanone, 6,10,14-trimethyl No reported activity

3 Bicyclo[3.1.1]heptane, 2,6,6-trimethyl- Antimicrobial * antioxidant®’

4 3-Azabicyclo[3.2.2]nonane Anti-protozoal,*® * antiplasmodial, antitrypanosomal*’

5 Phytol, acetate CNS stimulant*

6 Palmitoleic acid Prevents beta cell apoptosis, lowers LDL cholesterol,*? anti-inflammatory,?* antidiabetic*

7 n-Hexadecanoic acid Anti-inflammatory,! anticancer,* antioxidant, hypocholesterolemic, nematicide, anti-androgenic, flavor,
hemolytic?®

8 Phytol Antinociceptive, antioxidant,* antimicrobial*®

9 9,12-Octadecadienoic acid (Z,Z)- Hypocholesterolemic, anti-eczemic, hepatoprotective, antihistaminic?®

10 9-Octadecenoic acid Hypocholesterolemic, anti-eczemic, hepatoprotective, antihistaminic?®

11 Octadecenoic acid Antimicrobia*’ anti-inflammatory?

12 2-Piperidinone, N-[4-bromo-n-butyl]- Antimicrobial *® anti-inflammatory*

13 3-Eicosene, (E)- Antioxidant,*° antimicrobial,>! antihyperglycemic, cytotoxic,*? insecticidal®®

14 22-Stigmasten-3-one Antimicrobial, anticancer, anti-inflammatory,? antiarthritic, antiasthama, diuretic®

15 1,2,15-Pentadecanetriol No reported activity

16 Squalene Antibacterial, antioxidant, antitumor, cancer preventive,% immunostimulant, chemo-preventive,
lipoxygenase-inhibitor, pesticide5s % 57 58

17 8-1sopropenyl-1,5-dimethyl-cyclodeca-1,5- No reported activity

diene
18 4-Methyldocosane No reported activity
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Figure 5: Molecular structures of the compounds identified

through GC-MS analysis

References

1. Aparna V, Dileep KV, Mandal PK, Karthe P, Sadasivan C,
Haridas M. Anti-inflammatory property of n-hexadecanoic
acid: structural evidence and kinetic assessment. Chem Biol
Drug Des. 2012; 80(3): 434-439.

2. HartPH, Brand C, Carson CF, Riley TV, Prager RH, Finlay-
Jones JJ. Terpinen-4-ol, the main component of the essential
oil of Melaleuca alternifolia (tea tree oil), suppresses
inflammatory mediator production by activated human
monocytes. Inflammation Res. 2000; 49(11): 619-626.

3. Manivannan P, Muralitharan G, Balaji NP. Prediction aided
in vitro analysis of octa-decanoic acid from cyanobacterium
Lyngbya sp. as a proapoptotic factor in eliciting anti-
inflammatory properties. Bioinfo. 2017; 13(9): 301-306.

4. Nwafor Fl and Inya-Agha SI. (2019). Ethnobotanical study
of indigenous peoples’ medicinal plants. In: Egbuna C,
Kumar S, Ifemeje JC, Kurhekar JV (Eds.). Phytochemistry,
volume 2: pharmacognosy, nanomedicine, and contemporary
issues. Canada: Apple Academic Press Inc; 2019. 43 — 68 p.

5. Kunle OF, Egharevba HO, Ahmadu PO. Standardization of
herbal medicines - A review. Int J Biodivers Conserv. 2012;
4:101-112.

6. Kumari R, Kotecha, M. A review on the standardization of
herbal medicines. Int J Pharma Sci Res. 2016; 7: 97-106.

7.  Gupta M, Chaudhary PH, Tawar MG, Shrivastava B. Need
and scope of standardization of herbal medicines — A review.
J Res Pharm Sci. 2021; 7(8): 26 — 31.

8. Armitage J, Phillips W. A hybrid swamp lantern. The
Plantsman (New Series). 2011; 10(3): 155-157.

9. Ayoubi A, Al-Kurdi K, Kattah A, Trefi S. Preliminary Study
and Phytochemical Screening of Arum dioscorides. Int J
Pharmacogn Phytochem Res. 2017; 9(2): 165-173.

6986

© 2023 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

Trop J Nat Prod Res, April 2024; 8(4):6981-6988

Mayo SJ, Bogner JJ, Boyce PC. The genera of Araceae. Kew,
Englsnd: Royal Botanical Gardens; 1997. 245 p.

Boos J. Lasimorpha senegalensis Schott. [Online] 2003.
[Cited 2019  September 24].  Awvailable from:
http://www.aroid.org/genera/lasimorpha/lasiomor.html.
Bunu SJ, Miediegha O, Chukwuemrie O, Ozor MO.
Phytochemicals quantification, TLC and antimicrobial
assessment of the leaves and fruit extracts of Lasimorpha
senegalensis (Schott) Araceae. A preprint: 10.21203/rs.3.rs-
1624513/v1

Burkill HM. The useful plants of West Tropical Africa (2nd
Ed). Kew: Royal Botanic Gardens; 1985. 960 p.

Chigor CB, Nwafor FI, Ugwuja E, Obi CS. Antioxidant and
hepatoprotective potentials of Lasimorpha senegalensis leaf
extract on carbon tetrachloride-induced liver damage in rats.
J Pharma Res Int. 2020; 32(21): 70-78.

Nwafor FI, Nwosu MO, Nwafor AZ. Taxonomic and
ecological significance of foliar epidermal characters in four
taxa of Mussaenda L. (Rubiaceae) in Nigeria. Annual Res
Rev Biol. 2019; 32(5): 1-12.

Onyekere PF, Odoh UE, Peculiar-Onyekere CO, Nwafor FI,
Ezugwu CO. Pharmacognostic and phytochemical studies of
leaves of Psydrax horizontalis Schum. & Thonn
(Rubiaceae). Pharmacog J. 2020; 12(3): 541-550.
Sofowora A. Medicinal plants and traditional medicine in
Africa. Ibadan: Spectrum Book Ltd; 1993. 156 p.

Trease GE, Evans WC. Testbook of pharmacognosy.
London: Battiere Tindal Ltd; 1989. 576 p.

Vijisaral ED, Subramanian A. Study of the phytochemical
analysis and antimicrobial activity of Cyperus rotundus
leaves. Int. J Curr Biotech. 2013; 1(8): 5-8.

Al-Hejjaj WK, Numan IT, Al-Sa'ad RZ, Hussain SA. Anti-
inflammatory activity of telmisartan in rat models of
experimentally-induced chronic inflammation: Comparative
study with dexamethasone. Saudi Pharm J. 2011; 19(1): 29-
34.

Vaidya M. Stomatal complexes in some species of Araceae.
World J Pharma Res. 2016; 5: 1037-1047.

Nwafor FI, Orabueze CI. Role of phytochemistry in plant
classification: Phytochemotaxonomy. In: Egbuna C, Ifemeje
JC, Udedi SC, Kumar S (Eds.). Phytochemistry, Volume 1:
Fundamentals, modern techniques and applications. Canada:
Apple Academic Press; 2019. 197 — 227 p.

Brand C, Ferrante A, Prager RH, Riley TV, Carson CF,
Finlay-Jones JJ, Hart PH. The water-soluble components of
the essential oil of Melaleuca alternifolia (tea tree oil)
suppress the production of superoxide by human monocytes,
but not neutrophils, activated in vitro. Inflammation Res.
2001; 50(4): 213-219.

Micha R, Mozaffarian D. Saturated fat and cardiometabolic
risk factors, coronary heart disease, stroke, and
diabetes: a fresh look at the evidence. Lipids. 2010; 45(10):
893-905.

Su Z, Huang H, Li J, Zhu Y, Huang R, Qiu SX. Chemical
composition and cytotoxic activities of petroleum ether fruit
extract of fruits of Brucea javanica (Simarubaceae). Trop J
Pharma Res. 2013; 12(5): 735-742.

Shapira S, Pleban S, Kazanov D, Tirosh P, Arber N.
Terpinen-4-ol: a novel and promising therapeutic agent for
human gastrointestinal cancers. PL0S One. 2016;
11:e0156540.

Loughlin R, Gilmore BF, McCarron PA, Tunney MM.
Comparison of the cidal activity of tea tree oil and terpinen-
4-ol against clinical bacterial skin isolates and human
fibroblast cells. Lett Appl Microbiol. 2008; 46(4): 428-433.
Tyagi T, Agarwal M. Antioxidant properties of phenolic
compounds in methanolic extracts of Eichhornia crassipes.
Res J Phytochem. 2017; 11(2): 85 — 89.

Benni JM, Jayanthi M K, Suresha R N. Evaluation of the
anti-inflammatory activity of Aegle marmelos (Bilwa) root.
Indian J Pharmacol. 2011; 43: 393-397.

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

ISSN 2616-0684 (Print)
ISSN 2616-0692 (Electronic)

Meshram GG, Kumar A, Rizvi W, Tripathi CD, Khan RA.
Evaluation of the anti-inflammatory activity of the aqueous
and ethanolic extracts of the leaves of Albizzia lebbeck in
rats. J Trad Comp Med. 2016; 6(2): 172-175.
Jose VM, Antony TT. Recent trends in the utilization of
‘NSAIDs’ in a tertiary care hospital. Indian J
Pharmacol. 2003; 35: 318-319.
Sabu MC, Kuttan R. Antidiabetic activity of Aegle marmelos
and its relationship with its antioxidant properties. Indian J
Physiol Pharmacol. 2004; 48(1): 81-88.
Greay SJ, Ireland DJ, Kissick HT, Levy A, Beilharz MW,
Riley TV, Carson CF. Induction of necrosis and cell cycle
arrest in murine cancer cell lines by Melaleuca alternifolia
(tea tree) oil and terpinen-4-ol. Cancer Chemother
Pharmacol. 2010; 65(5): 877-888.
Wu C, Chen Y, Chen J, Shieh J, Huang C, Lin P, Chang G,
Chang J, Lin C. Terpinen-4-ol induces apoptosis in human
nonsmall cell lung cancer in vitro and in vivo. Evidence-
Based Comp Alt Med. 2011; 2012:
doi:10.1155/2012/818261.
Calcabrini A, Stringaro A, Toccacieli L, Meschini S, Marra
M, Colone M, Salvatore G, Mondello F, Arancia G, Molinari
A. Terpinen-4-ol, the main component of Melaleuca
alternifolia (tea tree) oil inhibits the in vitro growth of human
melanoma cells. J Investigative Dermatol. 2004; 122(2):
349-360.
Mohammed GJ, Omran AM, Hussein HM. Antibacterial and
phytochemical analysis of Piper nigrum using gas
chromatography-mass spectrum and fourier-transform
infrared spectroscopy. Int J Pharmacog Phytochem Res.
2016; 8(6): 977-996.
Wintola OA, Afolayan AJ. Chemical constituents and
biological activities of essential oils of Hydnora africana
Thumb. used to treat associated infections and diseases in
South Africa. Appl Sci. 2017; 7: 443.
Ahmad S, Seebacher W, Faist J, Kaiser M, Brun R, Saf R,
Weis R. The antiprotozoal potencies of newly
prepared 3-azabicyclo[3.2.2]nonanes. Arch Pharma Res.
2016; 39(10):1391-1403.
Hoffelner M, Petritsch M, Ahmad S. New derivatives of 3-
azabicyclo[3.2.2]nonanes and their antiprotozoal
activities. Monatsh Chem. 2019; 150: 1959-1972.
Mohsin N, Seebacher W, Faist J, Werner S, Johanna F,
Hochegger P, Kaiser M, Maser P, Saf R, Weis R. The
antiplasmodial and antitrypanosomal activities of novel
piperazine derivatives of 3-azabicyclo[3.2.2]nonanes.
Monatsh Chem. 2018; 149: 99-109.
Tsuchiya T, Tanida M, Uenoyama S, Nakayama Y. Effects
of olfactory stimulation with jasmin and its component
chemicals on the duration of pentobarbital-induced sleep in
mice. Life Sci. 1992; 50(15): 1097-1102.
Morgan NG, Dhayal S. Unsaturated fatty acids as
cytoprotective agents in the pancreatic beta-cell.
Prostaglandins Leukot Essential Fatty Acids. 2010; 82(4-6):
231-236.
Nestel P, Clifton P, Noakes M. Effects of increasing dietary
palmitoleic acid compared with palmitic and oleic acids on
plasma lipids of hypercholesterolemic men. J Lipid Res.
2014; 35(4): 656-662.
Ravi L, Krishnan K. Cytotoxic potential of n-hexadecanoic
acid extracted from Kigelia pinnata leaves. Asian J Cell Biol.
2017; 12 (1): 20-27.
Santos CC, Salvadori MS, Mota VG, Costa LM, de Almeida
AA, de Oliveira GA, Costa JP, de Sousa DP, de Freitas RM,
de Almeida RN. Antinociceptive and antioxidant activities of
phytol in vivo and in vitro models. Neurosci J. 2013; 2013:
949452. doi: 10.1155/2013/949452.
Inoue Y, Hada T, Shiraishi A, Hirose K, Hamashima H,
Kobayashi S. Biphasic effects of geranylgeraniol, teprenone,
and phytol on the growth of Staphylococcus aureus.
Antimicrob Agents Chemother. 2005; 49(5): 1770-1774.

6987

© 2023 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License


http://www.aroid.org/genera/lasimorpha/lasiomor.html

47.

48.

49.

50.

51.

52.

Trop J Nat Prod Res, April 2024; 8(4):6981-6988

Abubakar MN, Majinda RRT. GC-MS analysis and
preliminary antimicrobial activity of Albizia adianthifolia
(Schumach) and Pterocarpus angolensis (DC). Med. 2016;
3(3): doi:10.3390/medicines3010003

Al-Bahadily D, Falah A, Shari H, Najm AA, Al-Salman
HNK. Antimicrobial activity of the compound 2-
piperidinone,  N-[4-Bromo-n-butyl]  extracted  from
pomegranate peels. Asian J Pharmaceutics. 2019; 13(1): 46-
52

Ganesh M, Mohankumar M. Extraction and identification of
bioactive components in Sida cordata (Burm.f.) using gas
chromatography-mass spectrometry. J Food Sci Technol.
2017; 54(10): 3082-3091.

Adeosun CB, Olaseinde S, Opeifa AO, Atolan O. Essential
oil from the stem bark of Cordia sebestena scavenges free
radicals. J Acute Med. 2013; 3(4): 138 — 141.

Choo CY, Chan KL, Sam TW, Hitotsuyanagi Y, Koichi T.
The cytotoxicity and chemical constituents of the hexane
fraction of Typhonium flagelliforme (Araceace). J
Ethnopharmcol. 2001; 77: 129-131.

Barathikannan K, Venkatadri B, Khusro A, Al-Dhabi NA,
Agastian P, Arasu MV, Choi HS, Kim YO. Chemical
analysis of Punica granatum fruit peel and its in-  vitro

53.

54.

55.

56.

57.

58.

ISSN 2616-0684 (Print)
ISSN 2616-0692 (Electronic)

and in vivo biological properties. BMC Comp Alt Med. 2016;
16: 264.

Banakar P, Jayaraj M. GC-MS analysis of bioactive
compounds from ethanolic leaf extract of Waltheria indica
Linn. and their pharmacological activities. Int J Pharma Sci
Res. 2018; 9(5): 2005-2010.

Dandekar R, Fegade B, Bhaskar VH. GC-MS analysis of
phytoconstituents in alcohol extract of Epiphyllum
oxypetalum leaves. J Pharmacog Phytochem. 2015; 4(1):
149-154.

Kesava RB, Usha RG. GC-MS analysis of volatile
components in petroleum ether extracts of Coldenia
procumbens Linn. Int J Pharm Biol Sci. 2016; 7(2): 241-245.
Agnel RA, Mohan VR. GC-MS analysis of bioactive
compounds present in the whole plant of Andrographis
echioides (Linn.) Nees (Acanthaceae). Eur J Biomed Pharma
Sci. 2014; 1(3): 443-452.

Falodun A, Okunrobo LO, Uzoamaka N. Phytochemical
screening and anti-inflammatory evaluation of methanolic
and aqueous extracts of Euphorbia heterophylla Linn
(Euphorbiaceae). Afri J Biotechnol. 2006; 5 (6): 529-531.
Falodun A. Herbal medicine in Africa -Distribution,
standardization and prospects. Res J Phytochem. 2010; 4:
154-161.

6988

© 2023 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License



