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rAbstract )
Jdusticia secundais used locally for wound healing, anemia, abdominal pain, etc.
Endophytes are reported to produce bioactive metabolites. The study aimed to
perform pharmacognostic analysis and evaluate the effect of endophytic extract
of J secundaon human sickle haemoglobin and polymerization inhibition. Plant
samples were collected and dried under shade, pulverized. Chemomicroscopy
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Received : 11 April 2022 was conducted. After surface sterilization, samples were air dried, cut into sizes
Accepted : 22 August 2022 and aseptically cultivated on sterile malt extract agar plates, incubated at
Published : 05 September 2022 25-28 °C for 4-7 days. Pure endophytic fungi were fermented on rice medium.

With ethical approval, blood samples were collected from the sickle cell
individuals. HbSS polymerization was assessed by the turbidity of the mixture
at 700 nm. There was significant percentage antisickling of 63.22% at 5 mg/ mL,
53.90% at 2.5 mg/ mL and 50.44% at 1.25 mg/ mL of the endophytic extracts. The
endophytic extract (LB2) reduced sickled cells compared to the control. The
polymerization was reduced from 1.880-1.839 by the 5% w/ v extract, 1.587 to
1.534 by 2.5%w/ v extract etc., in more than 30 min. The endophyte extract of J
secundamay be used in managing anaemia in patients with sickle cell disease.
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1. Introduction

Sickle Cell Disease (SCD) is a genetic blood disorder characterized by abnormal rigid sickle shaped Red Blood Cells
(RBCs). Sickling decreases the RBC’s flexibility and results in a risk of various complications. It is the most prevalent
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human hereditary disorder with prominent morbidity and mortality. It is due to the change of an amino acid in position
six within the beta globin chain of hemoglobin molecule whereby glutamic acid is replaced by valine (Serjent and
Serjeant, 2001). Atlow oxygen tension, the mutant hemoglobin polymerizes inside the RBCs into a gel or further into
fibers leading to a drastic decrease in the red cell deformability. Polymerization and precipitation of sickle hemoglobin
(HbS) within the erythrocytes cause the change of shape from the normal spherical form into the one resembling a
sickle. A single nucleotide substitution (Thymine [T] for Adenine [A]) allows HbS to polymerize when deoxygenated,
since valine can dock with the complimentary sites on the adjacent globin chains (Eaton and Hofrichter, 1987). Some live
anormal life while others suffer from a variety of life-threatening complications. Typical symptoms of SCD are anemia,
episodes of pain, swelling of hands and feet, frequent infections, delayed growth or puberty, vision problems
(WHO, 2005).

Plants are natural sources of a vast number of bioactive compounds known for their therapeutic and
physiological properties (Mustafa and Wardah, 2014). In South-Eastern Nigeria, Congo and South
Cote-d’lvoirethe leaf decoction of dsticiasecundais used in the management of anemia (Koffi e al., 2012).
Earlier studieson haematinic, antimicrobial and anti-hypertensiveactivities of J secundahavebeen reported
(Fongod & al., 2013; Anyasor & al., 2019). Phytochemical screening of the plant has shown the presence of
tannins, flavonoids, alkaloids, quininesand anthocyanins(Lindo & al., 2012). Luteolin, aurantamide acetate,
auranamide, quindoline and secundarellone have been isolated from J Secunda (Koenig et al., 2012; Onoja
et al.,2017). Notwithstanding thepopular uses of J secundain folkloric medicine only few pharmacological
studieshave been doneon the plant (Koenig e al., 2012). Compared to many plants whoseiron contentsare
known, JWisticiasecundaappearsto beavery important sourceof iron. These high iron contents (240mg/ g +19)
justify itsuse as anti-anemic agent in the Congolese popular medicine (Mosw a &t al., 2008).

Figure 1: Leaves and Flower of Justicia secunda

The leaf of the plant is purposely consumed with its characteristic red color decoction for packed cell
volumeimprovement in certain partsof Nigeria, Congo and Cote-d’lvoire (Mpiana & al., 2010). Extractsmade
from only theleavesarethe most used, follow ed by those extracts madefrom only theroots. Theleavesare
prepared asadecoction for themanagement of anaemiaand as an antioxidant in stress management. Earlier
studies confirmed the haematinic, anti-sickling, anti-hypertensive and antimicrobial potentials of theplant
(Koffi e al., 2012). Zambrano & al. (2017) showed that quindoline, a constituent of J secundastem, hasonly
very minimal acetylcholinesterase inhibitory activity in vitro and so can help in muscle activation and
contraction (Khan & al., 2019).



Ogechukwu L. Chukwuemerieé al. / Afr.dPharm.Sci. 2(2) (2022) 34-46 Page 36 of 46

Endophyticfungi are microorganismsfound in almost all plant partsand act aschemical synthesizersin the
host plant, producing awiderange of bioactive secondary metabolites (Ibrahim et al., 2021). Endophyticfungi
have been previously identified and their potential explored to produce bioactive compounds with useful
pharmaceutical applications (Nwankwo & al., 2021). Endophyticfungi from thegenera Collgotrichum, Fusarium,
Altenariaand Aspergillus,isolated from medicinally important plants exhibit avariety of biological activities
such as anticancer, antimicrobial, antifungal, immunomodulatory, antitubercular, and antioxidant activities
with wide application in agrochemical and pharmaceutical industries (Garima and Mukesh, 2021). These
biological activities demonstrated by endophytes have been attributed to isolated and identified secondary
metabolites such as alkaloids, terpenoids, steroids, quinones, isocoumarin derivatives, flavanoids, peptides,
and phenols present in the fungal extracts (Strobel, 2002). The main factors that may regulate entophyte
colonization within aplant or microbial species, includethegenotypeof theplant, the growth stage of theplant,
thephysiological statusof theplant, thetype of plant tissues, theenvironmental condition of thesoil in which
itisgrown, thesampling season, the surfacesterility, selective mediaand cultureconditionsaswell asdifferent
agricultural practices (Gaiero & al., 2013). Extraction of metabolitesfrom endophytesis affected by factors, such
as the season of sample collection, climatic condition and geographical location (Shukla e al., 2014). Many
endophyticfungi havebeen proven to havethe ability to produce novel secondary metabolites to overcome
pathogenicinvasion. Interestingly, thehost-endophyticrelationship isfound to becomplex and variesin different
hostsor microorganisms(Tan and Zou, 2001; Pullen & al., 2002). Various extracts of Justiciasecundaincluding
anthocyanin and aqueous extractshavebeen reported to show antisickling, antimicrobial and anti-hypertensive
activities(Ngbolua & al.,2010). However, only very few studieshavebeen performed on theendophyte extract of
J secunda Thisstudy wasaimed to carry out the pharmacognostic standardization and evaluatethe effect of the
endophyticextract of Jsticiasacunda(Acanthaceae) on human sickle haemoglobin and polymerization inhibition.
Thuswetried to solvethe problem of plant preservation through theuse of plant endophyte extract instead of
crudeplant extract which involvesalargeamount of plant itself.

2. Method

2.1. Fresh Leaf M icroscopy

Samplesof theplant under study were collected from Agulu, Anambra state, Nigeria. Theleaves of Justicia
secundawith no disease condition wereharvested from Agulu, Anambrastate, Nigeriaand identified by a
plant taxonomist Ms. Ike Obiageli in the Department of Pharmacognosy and Traditional M edicine, Faculty of
Pharmaceutical Sciences, Nnamdi Azikiwe University, Awka. Thevoucher specimen PCG474/ A/ 078 was
deposited at the herbarium of thedepartment of pharmacognosy and traditional medicine. Foliar epidermis
of theadaxial (upper surface) and abaxial (lower surface) surfaces of theleaves wereprepared by clearing
method. The leaf sasmpleswere cleared by soaking in commercial bleach “Hypo” containing 3.5% sodium
hypochloritefor 18 h. Then, the epidermal strips of the leaf sampleswere scrapped gently with theaid of a
pair of forcepsand placed on aclean slide, and then stained with Safranin solution and covered with acover
slip (Nwafor & al., 2019). Theslideswereviewed under alight phase contrast microscope (Motic B3, Motic
Carlsbad, CA, USA) at x 40, x 100 and x 400 magnifications and photomicrographs were taken with a
M oticam 2.0image system with software (Motic Carlsbad, CA, USA) fitted to themicroscope. Thefollowing
parameterswereobserved and assessed:

» Epidermal Cells: Thetypeand number of epidermal cellswere counted and recorded.

+ StomataType: Thestomatal complex typeswere observed and recorded following theterminologies of
Evert (2006).

+ SomataSze(length and width): Thestomatalength and width weremeasured using Motic microscope
softwareatotal of 10fields of viewsfor each sample.

+ Somatal Density: Thestomatal density wasdetermined asthe number of stomataper squaremillimeter.
+ Somatal Index: Thestomatal index wasdetermined asfollows:
g - Sx 100
S+E

where, S= Number of stomatain afield of view
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E=Number of epidermal cellsin thesamefield of view

+ TrichomeParameters: Thetrichometypes, size, density and index weredetermined following thesame
proceduresasthe stomataabove.

+ Veinislet number, veinislet termination number and palisaderatio.
* All parameterswereobserved on both theadaxial and abaxial surfacesof theleaves (Nwafor & al., 2019).

Transverse Section (TS) of theleaf wasmadeusing a Reichert sledge microtomefollowing theprocedures
of Johansen (1950) and Nwosu (2006). The sectionsweremicrotomed at 10-15unimicronsand were picked
with theaid of acamel hair brush from thetip of themicrotomeknifeinto separate Petri dishes containing 70%
absolute alcohol and labeled appropriately. Safranine and Fast green served as biological stains in
differentiating lignified tissues.

3. Chemomicroscopy

Theleavesweredried under shade and pulverized with local mortar and pestle. Chemomicroscopy conducted
onthepowderstodeterminethepresence of starch, calcium oxalate crystalsand lignified vessels. A judicious
quantity of thesamplewasdropped on aglassslide. Onedrop of chloral hydratewasdropped and passed
over aBunsen burner repeatedly until bubblesformed. Thissignified the successful clearing of thetissues.

3.1.Isolation, Purification and Fermentation of Endophytic Fungi

The harvested samples were washed thoroughly under running tap water and air dried before culturing
under asepticconditions. Several endophyticfungi wereisolated according to the protocol previously reported
by Okezie et al. (2020), which was modified slightly. The samples w ere subjected to a four-step method of
surface sterilization process in other to rid of contaminants on the surface of the samples which includes
washing using distilled water then subjected to surface sterilization by immersion for 2minin 2% v/ v
hypochlorite solution and 1 minin 70% v/ v ethanol, and further washed three times in sterilized double
distilled water for 3min. After surfacesterilization, thesampleswereair dried then cut into sizesand aseptically
cultivated on sterileMalt Extract Agar (MEA) plates supplemented with 50 ug/ mL chloramphenicol to suppress
bacterial growth. The cut end of thematerial wasmadeto contact themedium. The plateswereincubated at
25-28 °Cfor 4to 7 days on thebench with normal day lightsand dark periods. Hypha emerging out of the
cultured material were sub-cultured multipletimesin order to get axenic cultures. Pure endophyticfungi
werefermented onricemedium for 21 days.

3.2. Extraction of Secondary M etabolites

Atthecompletion of thefermentation, 500 mL of ethylacetate weretransferred into each fermentation flask,
homogenized and agitated for two days. Following the stoppage of fermentation process, the homogenate
were filtered and concentrated at areduced temperature of 50 °C using arotary evaporator. Each fungal
extract waskept in thedesiccator for proper drying and theweightsrecorded. Thedried extractswerethereafter
keptin therefrigerator at 4 °C prior to further analysis.

3.3. Blood Sample Collection

An ethical approval wasobtained prior to commencing this study from Nnamdi Azikiw e University Teaching
Hospital, Nnewi, Anambra State. Fresh blood sampleswere collected with full informed consent from the
sicklecell individual inthe steady state of thedisease, aged 25 years, who had not taken any herbal medication
for SCD within the past six months.

3.4. Preparation of Sickle Cell Blood

Venousblood samples (5mL)werecollected in sodium EDTA bottles. Erythrocyteswereisolated from whole
blood by centrifuging at 1500x g for 15min. Theerythrocyte sedimented w hilethe plasmawas siphoned out
carefully using a Pasteur pipette. By repeated inversion, the erythrocytes were suspended in a volume of
isotonicsaline equivalent to thesiphoned plasma. The suspended erythrocyteswereused for theantisickling
test while some was freeze thawed in afreezer to release a hemolysate. The hemolysate was used for the
haemoglobin polymerization experiment (Nwaoguikpeand Braide, 2012).
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3.5.Invitro Anti-sickling Activity of the Extracts

A serial dilution of different concentrations of aqueous extracts of Jisticiasecundaw asprepared in thesaline
solution. For the assay, 100 uL of SS-RBC was pre-incubated with 100 uL of 2% sodium metabisulphate and
100 ul each of asolution of thedifferent concentrations of theextractsfor different concentrations of 125, 250,
and 500 pg/ mL. Each mixturewasincubated at 37°C for 2 h (time necessary to obtain maximum sickling).
After incubation, 10 uL of the mixture was diluted 100 fold. A drop of each sample was examined
microscopically (Amscope, USA) using a magnification of X100. Both sickled cells and total cells were
counted from fivedifferent fields of view acrosstheslide. For the negative control, the solution containing the
extract was replaced by phosphate saline solution.

Thepercentage of sickling was calculated using the formula (Nwaoguikpe and Braide, 2012).

Number of sickled cells

o, i i = x100
% of sickling Total cells

3.6. Sickle Cell Hemoglobin Polymerization Test

Theoriginal methods of Noguchi and Schechter (1989) asreported by Nwaoguikpe and Braide (2012) was
used for the HbSSpolymerization experiment. HbSSpolymerization was assessed by the turbidity of the
polymerizing mixture at 700 nm using 2% solution of Sodium metabisulphiteasareductant or deoxygenating
agent. A 4.4 mL volume of 2% Sodium metabisulphite, 0.5 mL of normal saline (0.9% NaCl) and 0.1 mL of
haemoglobin werepipetteinto acuvette, shaken and absorbanceread in a Spectrophotometer at 700 nm for
30min at 5minintervals. Thisserved ascontrol. For thetest assay, 0.5 mL normal salinewasreplaced with
0.5mL antisickling agent (extract of Jsticia secunda) and readingstaken asusual. Theratesof polymerization
wascalculated from the formulaof average changein absorbance against timein minutes.

For thepolymerization test:

_ Bf-pi
Tt

Rp

where, Rp = rate of polymerization, pf = final absorbance, pi = initial absorbance at time zero, t = time of
reaction in minutes.

4. Results

4.1. M icroscopy

Table 1: Summary of the Fresh Leaf Microscopy of J. secunda

Epidermal cell The epidermal cells are irregular in shape with undulated/ wavy anticlinal cell wall
on both the upper and lower surfaces.

Stomata type The leaf is amphistomatic (stomata occur both on the upper and lower surfaces but
more on the lower surface) with diacytic type of stomata (two subsidiary cells lie
adjacent to the guard cells)

Trichome Covering multicellular trichomes are scarcely present.

Stomata density (mm-2) Upper surface: 19.12 + 1.47; Lower surface: 70.00 £ 1.47

Stomata length (um) Upper surface: 22.33 + 1.96; Lower surface: 25.47 + 0.62
Stomata width (pum) Upper surface: 16.51 + 0.17; Lower surface: 13.87 + 0.41
Stomata index (%) Upper surface: 7.35 = 0.58; Lower surface: 29.15 + 0.64
Stomata size (um?) Upper surface: 369.35 + 35.50; Lower surface: 353.51 £ 15.21

Palisade ratio 13.54 + 0.25




Ogechukwu L. Chukwuemeried al. / Afr.dPharm.Sdi. 2(2) (2022) 34-46

Page 39 of 46

Table 2: Result of Powder Microscopy of J secunda Leaf

Parameter Reagent(s) Result
Starch grains lodine solutuion Present
Lignified tissues Conc. HCI + Phloroglucinol Present

Calcium oxalates

lodine solution
Conc. Sulphuric acid

Present; Prism shape

Tannin Ferric chloride Present
Cellulose Zinc chloride; Present
Conc. Sulphuric acid
Gum/ Mucilage Ruthenium red Absent
Protein Biuret reagent; Present
Nihydrin
Oil globules Sudan IV reagent Absent

X100

Diacytic type of Stomata

Plate 1: Upper Epidermal Surface of the Leaf of J secunda Showing Undulated Epidermal Cells and

X400

Plate 2: Lower Epidermal Surface of the Leaf of J secunda Showing Abundant Secretory Tissues
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X400

Plate 3: Lower Epidermal Eurface of the Leaf of J secunda showing Undulated Epidermal Cellsand
Diacytic Type of Stomata. Secretory Tissues are also Prominent

X400

Plate 5: Chemomicrograph of the Leaf Powder Showing M ulticellular Covering Trichome
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Plate 6: Chemomicrograph of the Leaf Powder Showing an Isolated Strand of Fiber Element

4.2. Phytochemical Analysis

The phytochemical analysis of the leaf of dsticia secunda showed the presence of Phenolics, flavonoids,
Tannins, Alkaloids, Saponins and Terpenoidsbut cyanogenic glycoside w as absence.

5. Discussion

Themedicinal potential of any plant ismeasured by its ability to reduceor mitigatethe harmful effects of a
disease. The therapeutic effect of such plant is also related to the various bioactive components that are
naturally in the plant and their endophytes. The microscopic examination of the leaves of Justicia secunda
showed the presence of anirregular shaped epidermal cell with undulated/ wavy anticlinal cell wall on both
theupper and lower surfaces (Table 1). Presence of stomata w hich isamphistomatic (stomata occuring both
ontheupper and lower surfacesbut moreon thelower surface) with diacytictypeof stomata (two subsidiary
cells lie adjacent to the guard cells). Covering multicellular trichomes are scarcely present. The
chemomicroscopic examination of the powdered leaves of Jsticia secundashow ed the presence of starch,
lignified tissues, calcium oxalate crystals, Cellulose and protein, fibre. The phytochemical analysis of the
leaves showed the presence of phenolics, flavonoids, tannins, alkaloids, saponins and terpenoids (Table 2
and Plate 1to 6). Thepresence of flavonoids, tannins, glycosides and saponinsin the present study agrees
with earlier reports (Adams & al., 2007), while the six phytochemicals present compared well with other
reports on J secundaleaves as well as J carnealeaves (Table 3) (Onyeabo e al,. 2017). This research has

Table 3: Result of the Phytochemical Screening

Phytochemical Qualitative Screening Quantitative Determination (mg/g)
Phenolics + 2247 £ 1.24

Flavonoids + 6.44 + 0.44

Tannins + 16.78 + 1.66

Alkaloids + 12.04 + 0.88

Saponins + 7.32 £ 0.32

Terpenoids + 9.36 + 0.92

Cyanogenic glycoside

Note: + present; - absent. Values are expressed as mean + standard error.
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confirmed that herbal drugscan bevery useful in management of certain diseases asreported by Ogechukwu
e a. (2022).

5.1. Sickling Reversal Effect

Sickle cell disease affects the shape and flexibility of RBCs in such a way that it prevents their smooth
movement through small human blood vessels. Normal red blood cells arebiconcave and flexible, aproperty
that enablesthem to movefreely and smoothly through narrow blood vessels. It also enablesthem to live
longer to about 120 days. Oneof themotivesfor antisickling drug design isto haveadrug that can prevent or
reverse the sickle shape phenotype of the RBCs (Nurain & al., 2017). There was a significant percentage
antisickling of 63.22% at 5 mg/ mL, 53.90% at 2.5 mg/ mL and 50.44% at 1.25 mg/ mL of the endophytic
extracts (Table4 and Figure2).

Table 4: Table Showing the No. of Total and Sickled Red Blood Cells
Sample Total No. of Cells No. of Sickled Cells
500 mcg/ mL 154.00+28.50 12.00+6.00
250 mcg/ mL 138.50+17.50 14.50+1.50
125 mcg/ mL 154.00+7.00 15.00+2.00
Control 132.50+9.50 28.00+1.00
25
20

[y
w

% Sickling
=
o

J M Percentage(%) sickling
0 A T T T

Control ~ 500ug/ml  250ug/ml 125ug/ml
Concentration

Figure 2: Inhibition of Sickling of RBCs by Endophyte Extract of J secunda

Theendophyticextract of J sscunda(LB2) show ed areduction of the sickled cellswith respect to the control
from 21.13%1t0 7.77%by the 5%w/ v J sacunda, from 21.13%t0 10.47% by 2.5%w/ v extract and from 21.13%to
9.74%by 1.25%w/ v extract. Thisindicatesthat Justicia secundahasthe ability to reverse sickling of red blood
cells. Figure 3showsthestructural shapeof sickled (a) normal; and (b) red blood cellswhen viewed under
microscopeat X 100 magnification. When the SSred blood cellsweremixed with an endophyteextract of the
plant, the majority of the erythrocytesrecovered anormal shape. Thesemorphological changeswereobserved
in hypoxic conditions, i.e., after deoxygenation of haemoglobin. This morphological normalization of SS
erythrocytesfollowing treatment with endophytes extracted from Jisticia secundaindicatestheinfluence of the
extract on the propensity to sickling of the RBC (Plate 1 to 6).

5.2. Red Blood Cell Polymerization Inhibition

It hasbeen well established from research in thepast that the genetic mutation in theglobin chainiswherethe
sicklecell diseaseoriginated. Oneof theclinical manifestationsof thisgenetic RBC disorder ispolymerization
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of haemoglobin in the hypoxic condition (N agel &.al., 1979). Therefore, inhibition or prevention of haemoglobin
polymerizationisoneof theavenues of drug design against sicklecell disease. Figure 4 presented the effect of
endophyteextract of dsticia secundaon sickle cell RBC polymerization inhibition. Theinitial absorbance of the
polymerizing cellswasmeasured at timezero (i.e.,immediately after addition of sodium metabisulfite) and
subtracted from the final absorbance taken at 30 min. The resulting value divided by 30 gives the rate of
polymerization inhibition.

a =sickled red blood cell
b = normal red blood cell

Figure 3: Structural Shape of Sickled (a) Normal; and (b) Red blood cells When Viewed Under
Microscope at X 100 M agnification

18
16

'-; 4 a 4 X —=
w 14
o
c 12
1)
2 1
2
2 0.8
< 06
0.4
0.2
0
5mins 10mins 15mins 20mins 25mins 30mins
Time
o=@ CONTIO| e 5%y w2 5%V 1.25%w/v

Figure 4: RBC Polymerization Inhibition Rates by Endophyte Extracts of J secunda

From Table5it can bededuced that thepolymerization ratein the presence of 2% sodium metabisulphite
and the endophyteextract of J secundawasreduced with timefrom 1.880to 1.839by the 5% w/ v extract, from
1.587 to 1.534 by 2.5%w/ v extract and from 1.397 to 1.358 by 0.0125%w/ v over 30 min. It is observed in
Figure4,that 5%w/ v endophyteextract of J secundapossessesthefastest ratein hemoglobin polymerization
inhibition followed by the2.5%w/ v of the extract. It can beinferred from thegraph in Figure2that someof the
bioactivecomponentsin theendophyteextract of J secundaw as ableto interact with hemoglobin molecules
(two or more amino acid residues) or the RBCs membraneto bring about inhibition of the polymerization.



Ogechukwu L. Chukwuemerieet al. / Afr.JPharm.Sci. 2(2) (2022) 34-46 Page 44 of 46

Table 5: Red Blood Cell Polymerization Inhibition Test: Absorbance of Different Concentrations of
Extract (JS-LB2) with respect to Time
Time (min) Control 5%w/v 2.5%w/v 1.25%w/v
5 1.522 1.880 1.587 1.397
10 1.501 1.893 1.588 1.379
15 1.501 1.890 1.587 1.376
20 1.498 1.875 1.580 1.368
25 1.493 1.867 1.573 1.364
30 1.493 1.839 1.534 1.358

6. Conclusion

Theendophyteextract of dusticia secundaw as able to reducethe percentage of sicklecell and slightly reduce/

inhibit the rate of hemoglobin polymerization of human sickled RBCs. The ability of thisendophyte plant
extract to exhibit thesepropertiesis probably dueto the presence of theidentified phytochemicals (bioactive
agents). Thus, endophyteextract of J secundamay be used in management of anaemiain patientswith sickle
cell disease.
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