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Abstract: Justicia carnea, a plant rich in bioactive compounds, has traditionally been used as a haemoglobin
booster by herbal practitioners in rural areas of Edo State of Nigeria. In this study, the methanol leaves extract
of Justicia carnea was investigated for its antisickling potential in hemoglobin SS (HbSS) in-vitro by sodium
metabisulphite assay and characterized by Gas Chromatography-Mass Spectrometry (GC-MS) and High-
Performance Liquid Chromatography (HPLC). Terpenoids, saponins, glycosides, phenolics, flavonoids and
alkaloids were present except tannins. Photomicrograph examinations revealed a reduction of sickle cells with
a percentage decrease from 37.50%, and 22.22% down to 3.85% with 100 mg/mL crude extract of Justicia
carnea at three durations, respectively. Detected compounds from Gas Chromatography-Mass Spectrometry
included hexadecanoic acid methyl ester (Retention time (R:): 21.46, 05.99%) and 9,12-octadecadienoic acid,
methyl ester (Ri: 23.567, 02.59%) while the major constituent was phytol (Rt 23.741, 67.28%). While
kaempferol (Re: 17.23, 16.72%) was the major component from High-Performance Liquid Chromatography
quantification among resveratrol (Rt: 3.7, 13.85%), gallic acid (Rt: 5.88, 3.55%), Justicinol (Rt: 11.85, 01.34%)
and phytic acid (Rt 5.06, 01.43 %). These compounds have been cited as physiological agents that reduce
inflammation, and oxidative stress and potentially prolong the lifespan of cells across species. The antisickling
results from this study corroborate and support the traditional use of the plant in treating patients with sickle
cell anemia.

Introduction

Sickle cell disease is mostly prevalent in sub-Saharan Africa with nearly 90.0% of the world's Sickle Cell
Anemia (SCA) population living in Nigeria and the Democratic Republic of Congo and other places such as
India [1]. In Africa, the highest prevalence of sickle-cell trait lies between latitudes 15° North and 20° South
and can be as high as 45.0% of the population in some areas [2]. The disease is characterized by lifelong
hemolytic anemia and a variety of painful vaso-occlusive events, which occurs in 70,000 to 80,000 Americans
of African, Mediterranean, or Middle Eastern extraction [3]. Prevalence levels decrease to 1.0% and 2.0% in
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North Africa and less than 1.0% in Southern Africa. In countries like the Republic of Congo, Cameroon,
Gabon, Ghana, and Nigeria, the prevalence is 20.0% and 30.0% while in some parts of Uganda, it is as high
as 45.0% [4]. About 50.0% of the 150,000 children born with SCA annually in Nigeria are likely to die before
their 101" birthday and the geographical distribution of sickle cell trait corresponds with regions of highest
density of malaria [5]. This is believed to be due to the S allele in the heterozygotes conferring resistance to
Plasmodium falciparum which improves an individual’s fitness in malarial endemic areas [5]. However, the
inheritance of the mutation at both alleles of hemoglobin SS (HbSS) predisposes individuals to severe malaria
and increased mortality, as well as the effect of SCA [6]. Research on flora species has expanded globally to
study the potential of medicinal plants used in various traditional systems [7]. Production and cost advantages
of pharmaceuticals made from plants can attract more capital investment in research and the development of
new therapeutics, giving patients access to new drugs faster. The anti-sickling potentials of some medicinal
plants have been studied and these include whole parts of Petiveria alliacea, Canna indica and Pergularia
daemia [8], Caja nuscajan seeds, Zanthoxyllumz anthoxyloides (Fagara) root, Carica papaya unripe fruit and
leaves; and Parquetin anigrescens [9]. Aqueous extracts of the reddish brown freshly fallen leaves of
Terminalia catappa have also exhibited anti-sickling activity on sodium metabisulphite-induced sickling [8].

Justicia carnea (flamingo plant), family- Acanthaceae, is a perennial shrub with a characteristic pink to purple
or orange flower color that blooms all summer. It grows 3-4 feet wide and height of 1.8 m. The flowering
plant occurs in Brazil, the Benin Republic, the Democratic Republic of Congo, Nigeria, and other African
countries. It is propagated by pushing 1-2 inches of the stem into the soil and kept until new leaves appear
[10]. The plant is a major player in the traditional treatment and management of anemia in sickle cell disease
and other ailments in major areas of Edo State of Nigeria. Phytochemicals studies reported in aqueous leaf
extract of J. carnea included terpenoids, tannins, alkaloids, carbohydrates, flavonoids, saponins, phenols and
glycosides. In contrast, phenols and flavonoids were found in high concentrations which could be responsible
for the anticancer and antioxidant activities exhibited by the plant [11]. Vitamins such as A, B1, B12, Be, B,
B», C and E have also been detected in the aqueous extract of Justicia carnea while iron, magnesium, calcium,
and zinc were also found [11]. Chemical compounds isolated from Justicia species include steroids
(campesterol, stigmasterol, sitosterol, and sitosterol-D-glucoside [12]; apigenin, justicidin, justiciocide and
justicinol among others [13]. Several researchers have investigated its usefulness in ethno-medicine [7]. It is
used to treat various health issues like diarrhea, typhoid, hepatitis, liver diseases, cancer, anemia, respiratory
infections, inflammation, and sickle cell disease [14]. It's used as a blood booster, which is especially
beneficial for people with anemia, menstruation pregnancy. People often grow it around their homes not only
for its medicinal value but also for its aesthetic value [15]. Recent research utilizing animal models has
unveiled the blood-boosting properties of Justicia carnea, which surpass those of conventional blood tonics
[14]. Therefore, this study aims to characterize and investigate the anti-sickling potential of the methanol
extract of Justicia carnea leaves.

Plate 1: Leaves of Justicia carnea
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Materials and methods

Collection of plant sample: Fresh leaves of the Justicia carnea were obtained from its natural habitats at Ogida
Quarters in Egor local Government area of Edo State, Nigeria (in the morning during the dry season of
February 20", 2024). The leaves were identified and authenticated at the Department of Plant Biology and
Biotechnology, University of Benin, Benin City, Nigeria. The plants were dried for 28 days and pulverized
into powder using a mechanical grinding machine in the laboratory at room temperature of 27.0°C.

The extraction procedure: 623 g of the pulverized plant was macerated in one liter of methanol solvent for 72
hrs. The mixture was sieved using No. 1 Whatman filter paper number 4. The filtrate was concentrated using
a rotary evaporator and the crude extract was stored in the refrigerator below 4.0°C until used for further
experiment.

Phytochemical screening of the extract: The screening was carried out on the Justicia carnea extracts using
standard procedures [16]. The phytoconstituents investigated were glycosides, saponins, flavonoids,
phenolics, eugenols, tannins, terpenoids, steroids and alkaloids.

Collection of blood samples: 5.0 mL of blood sample was obtained by vein puncture from one confirmed
sickle cell patient (HbSS) not in crisis from the University of Benin Teaching Hospital (UBTH), Ugbowo,
Benin City, Nigeria. The erythrocytes were isolated from whole blood by centrifuging at 1,500 x g for 15 min.
The plasma being siphoned out carefully from the sickle cell sediment was done by Pasteur pipette. Caution
was observed to note that the patient had not been transfused for twelve months before the anti-sickling
analysis, with Hb AA blood. All anti-sickling experiments were carried out with freshly collected blood. Only
one type of blood sample was used at a time for the plant extract doses. To confirm the patient’s sickle cell
nature, the HbSS blood samples were first characterized by hemoglobin electrophoresis on cellulose acetate
gel [17]. The sample was found to be sickle cell blood and was then stored at +4.0°C in a refrigerator. Only
blood samples presenting a good sickling rate (>90.0%) were selected for anti-sickling activity.

Anti-sickling activity evaluation, sodium metabisulphite (SMBS) test: The antisickling activity was done using
a modified method [18]. Vein-punctured blood samples from sickle cell anemia patients not in crisis were
collected into EDTA bottles and centrifuged to remove the serum. The resulting packed erythrocytes were
washed three times with 1.0 mL sterile normal saline per mL of blood. This study was approved by the Ethical
Committee on the use of specimens/animals, University of Benin, Benin City, Edo State, Nigeria (2024). The
samples were then centrifuged each time for five min at a speed of 2,000 rpm to remove the supernatant, and
0.5 mL of the washed erythrocytes were mixed with 0.5 mL of the different extract doses in uncovered test
tubes. Samples were taken from the different mixtures and incubated at 37.0°C for 3.0 hrs. while shaking
occasionally. 0.2 ml of 2.0% SMBS was added to deoxygenate the system, mixed thoroughly and sealed with
liquid paraffin samples before incubating at 37.0°C, and samples were taken at 45 min intervals until three
readings were obtained. The sample of plant extract (100 mg/mL) was smeared on a microscope slide, fixed
with 95.0% methanol, dried, and stained with Leischman’s stain. The sample was examined under the oil. An
immersion light microscope was used to count the red blood cells in each sample from five different fields of
view across the slide. The numbers of sickle and unsickle red blood cells were noted. Negative control was
achieved by SMBS (5.0 mg/mL) as a reductant or deoxygenating agent [19].

Calculation of sickled red blood cell

Sickle cells 100

Percentage sickled red blood cell = X
RBC count 1

5 mg per mL =500 mg per L and RBC = Red blood cell
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Isolation of plant extracts

Vacuum liquid chromatographic (VLC) analysis: The crude methanol extract was combined uniformly with
silica gel (1: 1) and subjected to VLC using silica gel (60-120 mesh) as the stationary phase. The sample was
eluted with the aid of a vacuum pump using a combination of solvents consisting of 100% hexane, hexane:
ethyl acetate (1: 1), and ethyl acetate (100%) solvents as mobile phase. Each of the three eluted fractions was
respectively concentrated and monitored using thin-layer chromatography (TLC). The three fractions eluted
from the VLC were examined by preparatory TLC plates in a few suitable solvent systems to obtain the
retention factor (Rf) of any components that appeared as spots. Fractions with similar Rf values were
combined, dried and coded. Isolated brown oil-coded sample A (Rf 0.75, solvent system: hexane: acetate 7:
3) was obtained from 100% hexane crude fraction while sample C (light brown solid, R 0.65, solvent system:
100% ethyl acetate) was recovered from 100% ethyl acetate crude fraction. Sample A (oil) was subjected to
Gas Chromatography-Mass Spectrometry (GC-MS) analysis while sample C (solid) was characterized by
High Performance Liquid Chromatography (HPLC) analysis. The second eluted fraction of hexane: ethyl
acetate (1: 1) from VLC was not characterized due to the strayed nature of the TLC appearance.

GC-MS analysis: The GC-MS analysis of the isolated oil (sample A) of the methanol extract of Justicia carnea
was done on a Shimadzu, GCMS-QP2010SE. Separation of the oil was carried out on a HP-5 MS (5.0%
phenylsiloxane) column with nitrogen as the carrier gas with a flow rate, of 1.80 ml/min. The oven programme
was set at a temperature of 70.0°C and held for two min, then it was ramped at a rate of 10.0°C per min to
280°C and held for seven min. The oil sample was introduced via an all-glass injector working in the split
mode, with a helium carrier gas low rate of 1.2 ml per minute. The identification of the oil chemical
constituents was accomplished by comparison of retention time and fragmentation pattern, as well as with
mass spectra of the GC-MS. The retention indices, peak area percentage and mass spectra fragmentation
pattern of the chromatogram of the oil samples were compared with the database of the National Institute of
Standards and Technology (NIST), NIST08.LIB [20] for possible identification of the name, molecular
weight, formula, and structure of the chemical constituents in the oil sample.

HPLC analysis

Preparation of standard: 1.2 mg each of phenolic, flavonoid, and anthocyanins standards were taken in 0.1%
phosphoric acid in water (HPLC grade). From which 20.0 puLL were injected into the HPLC system for making
a standard curve.

Preparation of plant sample: 10.0 g of solid sample from ethyl acetate crude fraction were extracted with
acetonitrile and the extract stabilized with ethyl acetate in a 25.0 mL standard flask and made up to the mark.

HPLC Procedure: The constituents of the solid sample were characterized by HPLC analysis using the method
previously described [20]. The solid sample and the three standards (phenolics, flavonoid, and anthocyanins)
were subjected to HPLC using a 600 series HPLC pump and 2487 dual wavelength UV detector-254 and 360
nm of bioazyemes, Bangalore having reprobond C18 column-4.6x250 mm and 7725 Rheodyne injectors. The
HPLC instrument was operated at room temperature (23.0+2.0°C). 10.0 g of each of the solid samples was
extracted with acetonitrile, and the extracts stabilized with ethyl acetate in a 25.0 mL standard flask. 5.0 pL.
of extracts were respectively injected into the HPLC at a flow rate of 02.0 mL/min and the peak area was
reported and used for quantification. The compounds eluted with two solvents such as acetonitrile and 0.1%
phosphoric acid in water were used for the detection of the external standards. The total run time of the
program was 20 min.
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Results

This study indicated that terpenoids, saponins, glycosides, phenolics, flavonoids and alkaloids except tannins
are found as shown in Table 1. Plates: A, B, C, D, and E showed the photomicrographs of the sickle cell
blood examined upon investigation with negative control (SMBS) (Plate: A) and methanol extract of Justicia
carnea (Plates: B, C, D, and E). The time duration of exposures to the plant extracts, number of sickle cells,
number of unsickled cells and appearance of the red blood cells are presented in Table 2. The GC-MS
chromatogram of the isolated brown oil given in Figure 1 showed ten peaks indicating from the search list of
the chemical abstract service ten compounds. The chemical compounds identified (according to the NIST
Library) in the oil fraction are presented in Table 3. The HPLC chromatogram of the solid sample coded
sample C from methanol extract of Justicia carnea is indicated in Figure 3 while the chemical constituents
are shown in Table 4.

Table 1: Phytochemical screening of methanol extract of Justicia carnea

S/N Phytochemical constituents Methanol extract of Justicia carnea

Glycoside
Saponin
Flavonoid
Phenolics
Tannin
Eugenol
Steroid
Terpenoids
Alkaloids
+ = present - = absent

O© oo ~No ulph~hwN P
+ + A+ o+ + o+ +

Table 2: Antisickling activity of methanol extract on HbSS blood

Duration of exposure of Number of sickles Number of non- Appearance
extract (min) cell (%) sickle cell (%) of cell

00 15 (37.50) 25 (62.50) Moderate, hypochromic
and macrocytic cells.

45 04 (22.22) 14 (77.78) Few ovalocytes,
macrocytic red cells

90 01 (3.85) 25 (96.15) Macrocytic red cells

135 05 (12.82) 34 (87.18) Ovalocytes, poikilocytes.

A B

Plate A: Optical microphotography of untreated HbSS blood erythrocytes (control), NaCl 0.9%, 2% Na,S,Os, (Magnification x
100). Plate B: Optical Micrograph of 100mg/mL of methanol extract of Justicia carnea on sickle cell blood at 0 minutes
(Magnification x 100)
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Plate C: Optical micrograph of 100 mg/mL of methanol extract of Justicia carnea on sickle cell blood at 45 min (Magnification x
100). Plate D: Optical Micrograph of 100 mg/mL of methanol extract of Justicia carnea on sickle cell blood at 90 min
(Magnification x 100). Plate E: Optical Micrograph of 100 mg/mL of methanol extract of Justicia carnea on sickle cell blood at

Analyzed by
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Sample Type
Level #

Sample Name
Sample ID

15 Amount
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Figure 1: GC-MS analysis of isolated brown oil of methanol extract of Justicia carnea
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Table 3: Compounds in oil fraction of methanol extract of Justicia carnea

Peak number Reten(tll\?; time Name of compounds Area percentage
t
1 20.416 Tetradecyl-Oxirane 4.08
2 20.633 6,10,14-trimethyl-2-Pentadecanone 2.02
3 20.915 3,7,11,15-Tetramethyl-2-hexadecen-1-ol 0.96
4 21.164 1,2-Benzenedicarboxylic acid 1.03
5 21.460 Hexadecanoic acid, methyl ester 5.99
6 22.288 Dibutyl phthalate 5.35
7 23.567 9,12-octadecadienoic acid, methyl ester 2.59
8 23.741 Phytol 67.28
9 24.364 Palmitoyl chloride 0.61
10 24.958 Phytol, acetate 10.10
Total 100.00
HO
\]/\/AY\/\[/\/Y\/OH HO COOH
HO
(N () ()
Figure 2: Chemical constituents detected in Justicia carnea isolates: (1) Phytol (11) Kaempferol (111) Gallic acid
30000 300 000
ot —
& ’ Gallic 085 283
| e
i 8 Cinnamic Ackart 533
nr X jussicicsise A11_300
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Figure 3: HPLC profile of fraction C of methanol extract of Justicia carnea
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Table 4: HPLC profile of ethyl acetate extract of Justicia carnea

Peak number Retention time (R¢) (Mins) Name of compound Peak area
1 3.700 Resveratrol 1385.0720
2 4.666 Oxalic acid 266.9140
3 5.066 Phytic acid 143.4755
4 5.883 Gallic acid 355.8700
5 7.233 Lunamarine 71.8460
6 7.966 Catechin 1161.6080
7 9.116 Catechol 105.2300
8 9.950 3-Chlorocatechol 78.5665
9 10.533 Cinnamic acid 105.0630
10 11.300 Justicioside A 109.3360
11 11.850 Justicinol 134.4030
12 15.500 Quercetin 860.0830
13 17.233 Kaempferol 1672.4940
14 19.416 Rutin 131.6210
15 19.950 Ferulic acid 81.0800
16 21.066 Vitexin 130.5020
17 21.416 Umbeliferone 246.5895
18 23.500 Allantoin 147.6610
19 23.866 Apigenin 190.4295

Discussion

The alkaloids in Justicia species are valuable in traditional pharmaceutical applications due to their broad
spectrum of pharmacological activities [22]. The presence of glycosides aligns with the results reported by
Bedoya and others [23] while glycosides were also reported [24]. The presence of phenolics, flavonoids and
saponins in the extracts of Justicia carnea was identified as strong antioxidants and anti-inflammatory agents
with the potential to protect the heart for optimal function [7, 13]. The report of Peter and others [25] has
slightly been different with the presence of tannins in quantitative investigation using methanol as a solvent.
In the current study, plate A shows an optical micrograph of the sickle cell blood alone (control group) while
other plates are the photomicrographs of sickle cell blood in the presence of 100 mg/mL methanol extracts of
Justicia carnea at different durations of exposures in minutes. Plate B showed moderate hypochromic and
macrocytic red blood cells at the initial start of the experiment (zero min). However, as time progresses from
zero min (plate B), 45 min (plate C) to 90 min (plate D). There was an observed reduction in the number of
sickle cells with a decrease from 37.50%, and 22.22% down to 3.85%, respectively. Macrocytic red blood
cells were pronounced in all the fields examined but there was no sign of sickling, an indication that the plant
extract can sustain anti-sickling of the sickle cells. However, at the last duration of the experiment (135 min),
there were observed ovalocytes and poiklocytes of the red blood cell but without sickling. In comparison with
another species of Justicia (Justicia seconda), the plant extract exhibited anti-sickling activity with the
anthocyanin's components quantified phytochemically. The reversal of sickle cell was sustained throughout
the experiment [17]. Apart from anthocyanins, they also reported that medicinal plants with phenolics and
terpenoid compounds show anti-sickling activities and, in this research, the phytochemical investigation also
indicated both components. Other medicinal plants recently studied with antisickling potentials included
Pergularia daemia and Canna indica which indicated a reversal of sickle cell to normal doughnut shape at 90
min of examination [8].

The main constituents detected from the isolated brown oil of Justicia carnea obtained from the GC-MS
analysis of methanol fraction revealed important physiological chemical agents with nutritional and medicinal
values. Detected compounds include hexadecanoic acid methyl ester (Ri: 21.46, 05.99%) and 9,12-
octadecadienoic acid, methylester (Rt 23.567, 02.59%) while the major constituent was phytol (Rt 23.741,
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67.28%). Hexadecanoic acid of 10.5% has been reported in the ethanol leaves extract of Justicia carnea [26].
It has shown antimicrobial activity, anti-inflammatory potency and other metabolic functions [27]. Phytol was
observed to be the most abundant component in the oil fraction. It is a diterpenoid that possesses relevance in
the synthesis of vitamin E and has been reported to modulate the transcription in plant and animal cells. This
supports the previous research which opined that terpenoids and phenolics possess anti-sickling activity [17].

The HPLC profile data of the sample solid fraction of methanol extract of Justicia carnea revealed the highest
peak to be kaempferol (R 17.23, 16.72%). 19 compounds were identified from the analysis which includes
resveratrol (Rt: 3.7; 13.85%), gallic acid (Rt: 5.88, 03.55%), and justicinol (Rt: 11.85, 01.34%). More so, phytic
acid (Rt 5.06, 01.43 %) has also been detected as a derivative of phytol earlier detected by GC-MS in this
study. The presence of justicinol aligns with the previous findings [27]. In addition, allantoin with anti-
inflammatory effect has been reported for Justicia spicigera but not for Justicia carnea as observed in the
current study while justicioside A, kaempferol and Justicinol have all been isolated from Justicia betonica [7, 28].
Gallic acid is a vital metabolite encountered across diverse plant species. Its pharmacological attributes
encompass antimicrobial, antioxidant, anti-inflammatory, and anticancer properties [29]. Resveratrol, a
polyphenol, reduces inflammation and oxidative stress and potentially prolongs the lifespan of cells across
species [30]. While kaempferol, a flavonoid, is antimicrobial, anti-inflammatory, regulator of macrophages,
and reduces the blood glucose level [31, 32].

Conclusion: The anti-sickling data of the methanol extract of Justicia carnea corroborates the traditional use
of the plant in the treatment of sickle cell anemia. Thus, Justicia carnea contains important phytochemicals
and bioactive components like resveratrol, kaempferol, phytol, and gallic acid that possess medicinal benefits.
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