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Abstract

SCD is one of the most prevailing homogeneous inherited haemoglobinopa-
thies causing a plethora of various clinical complications to the patients. The
high mortality and morbidity severely concern the Western community, where
numerous clinical trials and research for a cure are in process. In order to al-
leviate patients from the severe symptoms of the disease, avoiding the side ef-
fects, Botanical Medicine exhibits concrete evidence, as a gold candidate, to
be the salvation to the problem. The Preferred Reporting Items for Systematic
Review (PRISMA) protocol has been used to achieve extensive research on
the topic, focusing on the identification and evaluation of the phytochemical
properties of common medicinal plants. Meta-analysis has also been imple-
mented on the results of published literature. Forest plots have been plotted,
comparing and evaluating the results’ validity and significance. The meta-analysis
results have undoubtedly demonstrated the importance and significance of the
medicinal plants and their properties against various clinical complications, fo-
cusing on the pathogenicity of SCD. Surprisingly, their effectiveness to suppress
haemoglobin polymerisation and increase the Fe*/Fe’" ratio in patients, en-
hanced the normal morphological erythrocytes’ appearance by suppressing the
sickle shape of drepanocytes. Research made on the epidemiology of SCD asso-
ciates the disease with the geographical frequency of malaria infection. Based
on the natural selection theory of Charles Darwin, nature aids in the popula-
tion’s survival by the endemicity of various medicinal plants in areas with in-
creased SCD patients. Limitations to the medicinal plants’ consumptions and
further therapeutic options have been discussed.
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1. Introduction

Sickle cells disease (SCD) encompasses an extensive category of different hae-
moglobinopathies in which the patients inherit variation in their haemoglobin
molecule, causing mutation and morphological alterations to the erythrocytes
[1]. Sickle cell anaemia (SCA) is one of the major diseases within the cohort of
haemoglobinopathies, characterised by the homozygote genotype referred to as
haemoglobin-SS. The aforementioned disease state is caused by the mutation
occurring at the sixth codon of the f-globin gene. This mutation arises from the
replacement of the hydrophilic glutamic amino-acid with hydrophobic Valine.
The mutation of the S-globin is related to miscellaneous genetic and environ-
mental associations due to its alterable phenotypic expression and solidifies the
sickle cell gene pleiotropic in nature [2]. These red blood cells (RBCs) encom-
pass HbS molecules or a combination of abnormal S-alleles. When exposed to a
deoxygenated environment, erythrocytes become rigid after the polymerisation
of the haemoglobin molecules. Thus, the shape of the sickle erythrocytes origi-
nates from the distortion of the normal disc biconcave shape. Further fluctua-
tions in different haemoglobin levels, and particularly in Foetal-Haemoglobin
(HbF), which by the age of 6-months documents a decrease, cause persistent
clinical manifestations to the patient [3].

Patients with SCA exhibit symptoms with major severity. The irregular shape
of the RBCs makes them liable to haemolysis, which is caused due to the half-life
of sickle erythrocytes as well as further infections and leukocytosis [4]. The clin-
ical manifestations are caused by RBCs’ abnormal morphological characteristics,
in which their flexibility is compromised, leading to blood circulation impair-
ments and vaso-occlusion thereafter [5]. The other category of SCD is derived
from a point mutation that replaces the glutamic amino acid to lysine in the glo-
bin chain resulting in HbC. When HbC is combined with HbS, then HbSC dis-
ease and RBCs’ crystallisation occurs. The overall symptoms of HbSC differ from
HbSS; however, the origin and ethnic background of the individuals suffering
from sickle diseases have been acknowledged to alter the outcome and symp-
toms’ severity [6].

Undoubtedly, SCD affects a number of citizens in the global population, caus-
ing life-threatening haematological disorders, ensuing in death in some instances
[7]. The originated impediments of the disease are based solely on the sickle
shape erythrocytes, which disrupt the normal physiology at both molecular and
organ systemic level. Acute and chronic organ complications are the major con-
cern of patients. The severity of these complications fluctuates among the dif-
ferent geographical areas and each individual’s habitat [8]. The prevalence of the
morbidity and the mortality rate of the disease have been monitored, and signif-
icant numbers have been documented in the area of sub-Saharan Africa. Ap-
proximately half-million children are the victims of this molecular abnormality
of the erythrocytes annually. A large proportion of these infants are born into
high tropical regions increasing the mortality rate critically [9]. Shedding new
light on genetic background, Sri Lanka’s studies have demonstrated that the ori-
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gin of the HbS occurrence depends on the migration wave from different topo-
graphical regions. This statement validates that the different backgrounds of each
individual can determine the severity and prevalence of the disease occurrence
[10]. Thus, screening programs have a vital role in the detection of the disease in
early stages and the trait existence, used as a preventative measure against the
disease inheritance [11].

Known to affect every organ of the human body, SCD is a principle challenge
of the healthcare community, as it can cause an end-organ dysfunction altering
the physiological properties of the brain. Neurological complications, such as ce-
rebral sinus thrombosis and haemorrhagic stroke, among others, are the com-
monest symptoms leading to death [12]. The morphological appearance of the
mutated erythrocytes due to the sickle cell gene presence can have tremendous
health complications. Stroke like symptoms are documented in a wide range of
studies in paediatric haematology departments of hospitals, diagnosing children
under the age of five with silent cerebral infracts [13]. In general, infarctions are
amongst the commonest complications caused due to the shape of the drepano-
cytes leading to a decrease or absence of the cerebral circulation and subse-
quently to neurons cellular injury [14]. Symptoms such as seizures can likewise
be caused by epilepsy syndrome, altering the level of the patient’s consciousness
and stroke presentation [15].

A more holistic and alternative treatment based on Botanical Medicine (BM)
is pivotal in order to improve the life expectancy and quality of the patients suf-
fering from SCD symptoms [16]. The success in controlling numerous diseases
due to the use of medicinal plants has been vigorously reported in evolving coun-
tries. Indisputably, SCD could not be excluded. Various cross-sectional studies
which are focusing on the therapeutic effects of alternative medical care illu-
strated concrete clinical evidence. The humans’ immunity by the use of medi-
cinal plants exhibited an advantage over traditional treatment in an assembly of
individuals regardless of their cultural affiliation [17]. Notably, a large propor-
tion of the world’s population relies on the benefits of BM as their primary form
of health care. The antisickling perspective of various medicinal plants illu-
strated an increase in the gelling time of drepanocytes [18]. Studies in vivo and
in vitro, with medicinal plants, endemic in Nigeria and sub-Saharan Africa, dis-
played that distinct parts of the plant could be used to extract numerous phyto-
chemical agents assisting the anti-sickling potential on RBCs. Specifically, Aloe
Vera has been reported for its property to upsurge the gelling time of drepano-
cytes and converse the sickling-effect, diminishing episodes of vaso-occlusion and
pain crisis. The antioxidant and anti-sickling properties of Dennettia tripetala
and Physalis angulata have been delineated to stabilise RBCs’ membrane, pre-
venting sickle haemoglobin polymerisation [19].

Known from their illustrious history, medicinal plants have been widely used
as medical remedies since they possess therapeutic properties. Different studies
and clinical trials experimented with their most essential constituents, which are

substitutes for different therapeutic purposes [20]. Medicinal plants aided in

DOI: 10.4236/ajmb.2021.114013

167 American Journal of Molecular Biology


https://doi.org/10.4236/ajmb.2021.114013

I. Krasias

various medications’ development that have been used successfully for multiple
diseases. At the sickle genetic level, the HbS polymerisation stage and RBCs’
membrane threshold are targeted for alterations in anti-sickling level [21]. The
phenomenal and astonishing health benefits of Aloe Vera for its antioxidant ac-
tivity have been systematically reported by Langmead et al, presenting that the
plants’ extract aids to preserve the membrane’s integrity and assisting its anti-
oxidant properties [22]. Further experiments found that metalloproteinase inhi-
bitors contributed to the anti-tumoural properties having anti-angiogenic abili-
ties [23]. Characterised as miraculous plants, their properties have been eva-
luated for their effectiveness in reversing drepanocytes back to biconcave shape

and protecting from secondary infections contributing to RBCs’ pathogenesis.

Aims of the Study

This systematic review aims to study and evaluate the recent published literature
on Botanical Medicine, targeting the antisickling properties of medicinal plants.
The plants’ eligibility is based on their phytochemical compounds’ composition,
reversing drepanocytes back to biconcave shape of the RBCs. This is achieved by
the regression of the pathological side effects and the clinical manifestations
presented by the patients. Further appraisal of the toxicological effects on the
extracts’ consumption aid in the exhibition of possible limitations and alterna-

tive treatment options.

2. Methodology

Comprehensive systematic research has been performed using different vali-
dated databases in order to concentrate all the necessary information for an in-
clusive review on the topic. The research methodology and strategy for informa-
tion extraction have been done using the Preferred Reporting Items for Syste-
matic Review, PRISMA [24]. Additionally, a meta-analysis has been performed
in order to appraise the association between the different clinical trial studies,
reviewing their limitations and achievements [25]. Published literature has main-
ly been obtained through PubMed and ScienceDirect, amongst other databases.
Through thorough research on a wide range of published papers, it has been ob-
served that numerous clinical trials focused on in vivo and in vitro research and
not on animals. This study will evaluate the effectiveness of the medicinal plants
in vitro. The selection criteria and the data extraction from the research are
demonstrated below.

2.1. Inclusion Criteria

1) Studies that have been focused on investigating whether the application of a
wide range of medicinal plants’ extract or different product extracted or derived
from those plant will suppress the sickle appearance of the RBCs. To achieve
that, clinical trials that aid in the direct or indirect administration of the product
to the patients’ samples have been considered.

2) The trial studies must demonstrate or mention that they have analysed and

DOI: 10.4236/ajmb.2021.114013

168 American Journal of Molecular Biology


https://doi.org/10.4236/ajmb.2021.114013

I. Krasias

examined the blood samples before and after the treatment. This analysis helps
identify the differences and the potential changes due to each step of the procedure.

3) Undoubtedly, the extraction process plays a pivotal role in the collection of
the desirable constituents of the plants’ samples. Any damage or distraction will
have an apparent effect on the present of desirable constituents and the out-
come. It is recommended to analyse results from studies that they have already
been validated for their methodology, and their results are conclusive.

4) When the RBCs are getting into the sickle appearance, their properties and
functions are altered, respectively. Evaluation of those actions is vital for patient
survival to conclude whether the treatment is effective for the wide population
and the apparent side effects that they might cause.

5) Inclusion of studies targeting the analysis of the RBCs’ apoptotic rate using
different methodologies and recommendations. Apoptotic detection, Osmotic
fragility for haemolysis, Catalase and antioxidant activity methods’ evaluation
and clinical/laboratory trials are recommended for the study. However, not all

papers must include this criterion.

2.2. Exclusion Criteria

1) All studies without readily available results or methodology of getting the
results have been rejected or withdrawn.

2) No studies with clinical trials on animals have been considered and are ex-
cluded from the study’s meta-analysis.

3) Although the current study focuses on medicinal plant properties, results
regarding other medical or drugs methodologies have been used for background
purposes and critical comparison only.

4) No review papers, or seminars, or drafts have been accepted. Studies must
be primary research, medical trials or laboratory work.

5) Clinical trials with pending or published results more than fifteen years ago
have been automatically rejected for critical appraisal. Studies that took place or
published before the fifteen-year window have been taken under consideration

for background information and discussion only.

2.3. PRISMA and Scoping Research

Completing the first scoping research in the different databases, (234) published
papers have been found and saved for further analysis by the PRISMA method.
EBSCO (Elton B. Stephens Company) platform was selected to be used for re-
search in scientific academic literature appropriate for the level of a systematic
review. From (234) papers in the EBSCO platform, (123) derived from PubMed,
(12) from Medline, (96) from ScienceDirect and (3) from ResearchGate databas-
es. Scoping research aimed to identify the available literature on the topic using
keywords, such as “anti-sickling”, “medicinal plants”, “alternative medicine”,
“haemoglobinopathies”, “sickle cell anaemia*/disease*”, “clinical haematology”,

“aloe vera extract”, “plant* extract*” and “sickle*/cell*”. A judgement of the ma-

terial followed and exclusion criteria were applied. From (234) papers, (n = 17)
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Identification/research

Screening

PubMed, n= 123

Medline, n=12

have been excluded as the methodology was not available, (n = 129) studies on
animals have been rejected and (n = 61) papers which were published out of the
recommended window and reviews were excluded from the study. The final
number of papers after the selection was (n = 27).

*An algorithmic demonstration of PRISMA method illustrated in section
2.5.

2.4. Critical Appraisal Skills Programme Checklist
(Adapted from; https://casp-uk.net/casp-tools-checklists/)

An additional alternative stage of the procedure includes applying of a critical
appraisal skills programme checklist to assess whether the studies found were
methodologically sound and fulfilled the inclusion and exclusion criteria men-
tioned above [26]. After selecting the appropriate papers, a large proportion of
them have been used for the introduction part as they had factual background
information essential for understanding the topic. Six of them have fully covered
the inclusion criteria and were appropriate for critical evaluation and discussion.
These papers are illustrated clearly in Section 2.6 and have been critically ap-

praised for their outcomes in the discussion section.

2.5. Preferred Reporting Items for Systematic Review,
Algorithm

Records identified through databases
searching for relevant material

N=234

ScienceDirect, n = 96

ResearchGate, n =3

Screening for duplicates: no duplicate papers found n = 234

After research

Screening for full text documents: all papers that have been

downloaded, had full text available. n=234
No purchase or rental was necessary
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excluded
Exclusion criterion: methodology was not available n=17
N
wn
5
N
g Exclusion criterion: studies on animals n=129
=
o p—
=D
=
= Exclusion criterion: published out of the recommended n=6l
window, and reviews
included
= Inclusion criterion: after the exclusion criteria only 27 papers n=27
= were eligible for further selection
o
=
1
3 final
E} Inclusion criteria and critical appraisal checklist:
3}
= 6 papers were the best candidates for meta- n==6

analysis and critical evaluation

2.6. Final List of Papers Selected for Critical Evaluation and
Meta-Analysis

1) “The effect of Aloe vera plant (Aloe barbadensis) extracts on sickle cell
blood (HbSS)”

Authors: Nwaoguikpe R.N., Braide, W. and Ezejiofor, T.I.N. (2010)

Medicinal plants under investigation: 1) Aloe Vera

2) “In vitro antisickling effects of Xylopia aethiopica and Monodora my-
ristica”

Authors: Uwakwe A.A., and Nwaoguikpe R.N. (2008)

Medicinal plants under investigation: 1) Xylopia aethiopica and 2) Monodora
myristica

3) “The antisickling potential of four Curcubits (7. Occidentalis, C. max-
ima, C. lonatus and C. sativus)”

Authors: Nwaoguikpe R.N., Ujowundu, C.O and Okwu G.N. (2013)

Medicinal plants under investigation: 1) Telferia occidentalis, 2) Citrullus lo-
natus, 3) Curcubit maxima, 4) Curcumis sativus

4) “Bioassay-guided isolation and partial characterization of an antisick-
ling compound from Enantia chlorantha”

Authors: Ejele, A.E., Akpan, 1.O., Ogukwe, C.E., Onyeocha, V.O., Ukiwe, L.N.
(2012)

Medicinal plants under investigation: 1) Enantia chlorantha

5) “Anti-sickling properties of aqueous extracts of dennettia tripetala and
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physalis angulata”

Authors: B.M. Onyegeme-Okerenta, E.B. Essien and J.I. Esin. (2019)

Medicinal plants under investigation: 1) Dennettia tripetala and 2) Physalis an-
gulata

6) “Anti-Sickle erythrocytes haemolysis properties and inhibitory effect of
anthocyanins extract of Trema orientalis (Ulmaceae) on the aggregation of
human deoxyhemoglobin S in vivo”

Authors: P.T. Mpiana, K.N. Ngbolua, V. Mudogo, D.S.T. Tshibangu, E.K. Ati-
bu, D.D. Tshilanda and N.M. Misengabu (2011)

Medicinal plants under investigation: 1) Trema orientalis (Ulmaceae)

*(fully referenced in reference list)

3. Results

A statistical appraisal and meta-analysis have been performed in order to syn-
thesize the results from the papers selected for further critical consideration. The
figures and tables are presented in the graphs and figures of this systematic re-
view have been performed using meta-analysis tools such as excel sheets and
RevMan software, aiding in the plotting of forest plot diagrams and Chi-square
tests. The purpose of the meta-analysis is the evaluation of the current use of
medicinal plants as an alternative treatment option for individuals suffering from
SCD. Various therapeutic strategies are currently under clinical trials in order to
be acceptable candidates to treat the symptoms and reverse the sickling effect of
drepanocytes. Numerous phytochemicals, amino acids, specific desirable com-
ponents of the plants and the time of antisickling effectiveness are pivotal against
the pathophysiology progression in various diseases and side effects caused by
the sickle cells’ morphology. All the studies have used control samples requiring
treatment in triplicates minimizing plausible errors in the outcome. The stan-
dard deviation (SD) and the confidence interval (CI) 95% were calculated in ex-
cel spreadsheets and found to be +0.1 and 0.113, respectively.

3.1. Qualitative and Quantitative Presence of Phytochemicals,
(Table 1)

The presence of phytochemicals was the main focal point in various studies ex-
amining quantitatively and qualitatively, the phytochemical presentation in the

plant extracts under investigation. Table 1 clearly shows that the majority of the

Table 1. Qualitative screening of phytochemicals, (x) presence of the compound.

Sample
Aloe vera (Nwaoguikpe et al. 2010)

T. occidentalis (Nwaoguikpe et al. 2013)
C. lonatus (Nwaoguikpe et al. 2013)
C. sativus (Nwaoguikpe et al 2013)
C. maxima (Nwaoguikpe et al. 2013)

T. orientalis (Mpiana et al. 2011)

Tannins Saponins  Anthraquinones Phenols Alkaloids  Flavonoids Anthocyanin
X X X X X X
X X X X X
X X X X X
X X X X X
X X X X X
X X X X X X

DOI: 10.4236/ajmb.2021.114013

172 American Journal of Molecular Biology


https://doi.org/10.4236/ajmb.2021.114013

I. Krasias

plant extracts are contain common phytochemicals such as tannins, saponins, phe-
nols, alkaloids, and flavonoids. However, other studies have documented the pres-
ence of distinct components of the plant species such as anthraquinones and an-

thocyanins found in A/oe vera[21] and Trema orientalis plants [27], respectively.

3.2. Variability in Vitamin C Concentration, (Figure 1)

Variability in vitamin C concentration has also been shown in the results of dif-
ferent clinical trials, highlighting its effectiveness as an essential antioxidant aid-
ing in antisickling potency and preventing clinical manifestations such as va-
so-occlusion. Citrullus lonatus found to have an abundance of vitamin C in the
plants examined, followed by Aloe vera, which present around the same concen-
tration in both its leaf and gel component. Curcubit maxima and Telferia occi-
dentalis did not show significant amounts of vitamin C in their extracts, which

might indicate them as not such antagonistic and eligible candidates for the treat-

ment.
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Figure 1. Variation in vitamin C concentration of medicinal plants” extract.

3.3. Amino Acids Concentration in Medicinal Plants’ Extra,
(Figure 2)

Having an essential role in the antisickling effect, plentiful amino acids have
been detected in medicinal plants. Their concentration and heterogeneity of
those extract in amino acids vary among the species of the plants greatly. Docu-
mentations of the potential concentration of amino acids showed that Aloe vera
species and Citrullus lonatus have a higher concentration than other plants. How-
ever, the heterogeneity in both concentration and presentation of amino acids

might alter the potential anti-sickling effect.
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m Amino Acids concentration (mg/100g)

Figure 2. Amino acids concentration in medicinal plants’ extract.

3.4. Meta-Analysis of Ferric and Ferrous Iron Ratio Increase,
(Figure 3)

Clinical heterogeneity has been found in the studies presented in Figure 3, as
different clinical variables has been used during these experiments. Extraction
of seven different plants have been used for its effect on the Ferric and Ferrous
iron ratio (Fe**/Fe’") increased in patients with and without SCD. The out-
come of the results is solely based on the plants’ effectiveness, the procedure
followed for the extraction, and the nature of the extract. Subjective assess-
ment of heterogeneity in the extract’s effectiveness is seen in the graphical part
of the forest plot, illustrating a variability in the increase of the iron ratio. 7e/-
feria occidentalis extract increased the iron ratio the most, compared to the
other plant extracts, favouring the treatment of the patients the most. In the
contrary, Curcubit maxima was not much effective as the increase documented

was insignificant.

3.5. HbS Polymerization Inhibition, (Figure 4)

Presentation of subgroup analysis is documented in Figure 4, illustrating the
polymerisation inhibition of Hb molecules in the sample of patients with SCD
after the treatment of a particular medicinal plant extract. The highest clinical
intervention was shown in the study of Nwaoguikpe et a/ (2013), examining
the effectiveness of the four Curcubits. Their results document a polymerisa-
tion inhibition from 94.58% to 97.08%, ranking these plants as the most effi-
cient in the studies investigated. The overall mean value of Hb’s inhibition po-
lymerisation from all studies is 91.54% indicating that the studies documented
similar outcomes in their results. A Chi-square test has been performed examining
the presence of heterogeneity amongst the studies. The p-value of the Chi-square
test was 0.361216 (p > 0.05), classifying the results as significant. The test statistic
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value has also been calculated (7.68) and shown to be lower than the experi-
ments’ critical value (14.06). Thus, the null hypothesis (H,) is not rejected as
there is no evidence of a difference in the polymerisation inhibition expected

(100%) to polymerisation inhibition observed by the experiments.

Control - Fe*/Fe~ Extract - Fe*/Fe*
Percentage (%) Forest plot graphical representation of the results
Papers reviewed and plants used . Ratio 95% Cl1
Before and After Before treatment After treatment increase/decrease
the treatment
Nwaoguikpe ef al. 2013 :
C. maxima 0.00 1429 15.69 9.80 0.098 — :
C. sativus 0.00 1429 31.89 123.16 12316 o ——
C. lonatus 0.00 1429 3301 1310 1310 : S —
T. occidentalis 0.00 1429 3822 167.46 1.6746 H ——
Uwakwe et al. 2008
——
M. myristica 0.00 13.86 29.12 110.10 1.1010 :
X. aethiopica 0.00 13.86 16.48 1890 0.1890 —
Nwaoguikpe et al. 2010 :
. w
Aloe vera (gel) 0.00 11.92 1752 46.98 0.4698 :
Aloe vera (leaf) 0.00 11.92 2122 78.0 0.780 —
Mean value 000 - 2559 ST 085675 <
T |
00 1 2
Favours control Favours treatment

Figure 3. Forest plot meta-analysis of ferric and ferrous iron ratio Fe**/Fe’" increase. Numerical and graphical representation. SD:
+0.1. All the samples were used and analysed in triplicates (thus, n = 3). Cl (Confidence Interval) 95% = 0.113 which is (mean +
0.113) this appears as the lines of each square.

Control After treatment Relative %
Ratio 95% Forest plot graphical representation of the results
Papers reviewed and plants used polymerization
Before and After Rate of % polymerization o Cl
the treatment inhibition
Nwaoguikpe ef al. 2013 \
C. maxima 100.0 0.00 542 94.58 0.9458 —
C. sativus 100.0 0.00 292 97.08 0.9708 — -
C. lonatus 100.0 0.00 292 97.08 09708 —
T. occidentalis 100.0 0.00 5.00 95.00 0.9500 —
Uwakwe et al. 2008
M. myristica 100.0 0.00 9.07 90.93 0.9093 +; I
X. aethiopica 100.0 0.00 1234 87.66 0.8766 e E—
Okerenta et al. 2019 E
=
P. angulata 100.0 0.00 12.50 87.50 0.8750 g
D. tripetala 100.0 0.00 27.50 82.50 0.8250 — =
Mean value 100.00 000 9.70 91.54 09154 ‘

05 1 15

Favours control Favours treatment

Figure 4. Forest plot meta-analysis of HbS polymerization inhibition. Numerical and graphical representation. SD: +0.1. All
the samples were used and analysed in triplicates (thus, n = 3). Cl (Confidence Interval) 95% = 0.113 which is (mean *
0.113) this appears as the lines of each square. Chi square test provides value of 0.361216, indicating no heterogeneity in the

studies.
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3.6. Testing of the Studies in Systematic Review for Published
Bias

Published bias has been predicted to be low in the studies used for this syste-
matic review. Although it is difficult to estimate the percentage bias of the stu-
dies, readers’ opinion of the research can be altered by the exclusive presentation
of positive results. The studies under investigation for their effectiveness in anti-
sickling properties of the medicinal plants have shown both positive and nega-
tive results in the majority of the areas of concern, shown to have a minimum
bias. In Figure 2, three out of seven extracts tested for amino acids concentra-
tion were significantly low, favouring the control instead of the treatment. Simi-
lar results have been obtained in Figure 1, where T. occidentalis and C. maxima
presented significantly low amounts of vitamin C than other extracts. Contro-
versial results are shown in Figure 3, where half of the plants tested for iron ra-
tio favour the treatment instead of the control. Although it is difficult to predict
the bias likelihood of a published paper, the majority present an odds ratio

higher than one, which is an indicator of bias [28].

4. Discussion

Raising global awareness, SCD has extensively been observed and studied by
numerous research groups, categorising it as one of the most severe genetic in-
herited conditions, threatening individuals from distinct parts of the world [29].
The major concern documented periodically in the Western literature of the past
decades focuses on the rheology affliction of the RBCs due to haemoglobin ge-
netic alterations [30]. Such modifications amend the normal blood physiology
leading to severe chronic clinical complications, increasing the mortality rate if it
remains untreated [31]. The allele heterogeneity disruption amongst the broad
population derived from various aetiological causes, cumulates the homogene-
ous frequencies of the mutated haemoglobin in affected individuals [32]. The
prevalence of the diseases seems to fluctuate over the years, emerging patients’
clinical attention, and further research in the era of therapeutic advancements
[33] clinical studies from the underdeveloped countries and high-burden com-
munities on patients’ cases showed that the commonest pathological variant of
haemoglobin, HbS allele, with a frequency estimated to be 15% over the re-
maining haemoglobin variants [34]. The diverse factors which contribute to the
epidemiological transition of SCD are highly important. Lack of standard public
health provision and the diminished nutritional improvements in low-burden
communities associated with the lack of educational background and healthcare
settings enhance the number of sickle cell cases [35]. Confounding evidence re-
lated to the HbS allele’s frequencies suggest that the poor discrimination amongst
the indigenous and migrated population, which is starring in the community, is
the main responsible socio-economic factor [36]. Thus, the increase of the gene
incident leads to the disease’s hampered management and the uncontrollable

mortality rate. A solution to eradicating the disease’s incidence was found to be
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the migration of the heterozygote population of HbS to other geographical areas
avoiding intra-population reproduction [37].

The epidemiological profiles of haemoglobinopathies, particularly of HbS mu-
tations, illustrate an association of the disease to other microbial-related infec-
tions, such as Malaria form the Plasmodium falciparum parasite, threatening the
extinction of humankind [38]. Reports on the geodatabase of HbS allele preva-
lence acknowledged the pivotal role of natural selection theory which is deter-
mined by the presence of the alleles in areas with high endemicity of the bacte-
rium, endangering individuals’ survivor after their exposure to it [39]. Several
hypotheses on the topic have been documented, focusing on the natural selec-
tion theory suggested by Charles Darwin. These theories support the adaption of
human entities to microbial enemies, related to the geographical distribution of
the mutated haemoglobin alleles [40]. Epidemiological reports from various stu-
dies have been focused on the relation between the Plasmodium falciparum pa-
rasite and the SCD’s epidemiology [41]. Despite the overwhelming epidemiolog-
ical sector of SCD due to the malaria existence, the study of Wambua et al. in-
vestigated the importance of the major haemoglobinopathies to the protection
against the complications of the parasite infection. Their findings suggest a re-
verse effect of anaemia-related symptoms caused by the infectious bacterium
[42].

Since malaria is acknowledged as a significant public health concern, affecting
individuals who have had close contact with the particular bacterium and got
infected by its presence. An obstacle against malaria infection is the bacterium’s
genetic diversity contributing to asymptomatic carriers and the transmission to
unsuspected individuals [43]. Studies in Ghana and Cape Town showed that
seasonal variation of the bacterium alleles could alter the transmission and ma-
laria infection [44]. Cameroon, amongst other countries, has investigated the
malaria transmission dynamics and their apparent effect on the HbS allele dis-
tribution [45]. Similar reports from Columbia stated that parasite infection es-
tablishes malaria and is strongly related to the SCD endemicity in areas of the
aforementioned infections [46].

In their findings, Penman et al recommended a link between the global dis-
tribution of malaria infection and the existence of the mutated haemoglobin al-
leles in the population [47]. Thus, the heterozygote advantage of HbS is derived
from the natural reinforcement by the individuals’ habitat in areas with a high
risk of malaria infection. However, this can turn into a fatal disadvantage as in-
tra-population reproduction of heterozygote individuals increases the risk of
homozygote to the HbS allele births [48]. This geostatistical model, is based on
the allele variation and the incidence of the disease due to the environmental
conditions of the population habitat. Further multisectoral interventions are re-
stricted due to the limited understanding of the SCD epidemiology [49].

Recent studies have investigated and documented the relationship between
the Foetal haemoglobin (HbF) and the severity of the SCD clinical manifesta-
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tions. The group of Adeodu et al, in their experimental cross-sectional study,
which was based on the quantification of the HbF molecules, demonstrated that
a dropped concentration of HbF was related to the severity of the symptoms’
presentation. Since HbF molecules are responsible for the compensation of
oxygen distribution to the body, its absence or deficiency leads to clinical alte-
rations [50]. Thus, an early quantification of the HbF will reduce the mortality
rate, which is compromised by acute chest syndrome and stroke presentation,
especially in children [51]. Further studies have focused on the individual’s pe-
digree and extracted concrete evidence that SCD is highly related to the popula-
tion of people who had ancestors from the areas with increased disease ende-
micity. Populations migrated to Germany and France exhibited a high risk of
SCD pathogenesis, as the majority of their roots came from the sub-Saharan
Africa [52]. Gender can also alter the disease pathogenesis as more severe clini-
cal manifestations are presented in males, as the influence of the disease is low-
er in females. The hormonal variation amongst the genders is the main respon-
sible factor [53]. Although the exact reason is still elucidated, growth failure in
children observed in African population is associated with haemolysis and mi-
croalbuminuria [54].

Surprisingly, the endemicity of medicinal plants has extensively been reported
in areas with high rate of malaria infection, contributing to the SCD occurrence
[55]. An association of the antisickling properties of those plants, and their en-
demicity, might not be just a coincidence [56]. As Darwinian theory of species’
selection, focuses on survival, the mechanism of nature to protect humans against
the fatal consequences of SCD, has an apparent result of the plants endemic to
those areas [57]. Whilst SCD causes a pitfall and exhaustion of the patients; fur-
ther therapeutic approaches seemed to be applied as a solution to the problem.
Numerous drugs, such as hydroxyurea; increasing HbF affinity, were shown to
be successful in treatment and symptoms mitigation [58]. However, limitations
and side effects decrease their effectiveness and make them less-harmless for
consumption and application proposes [59]. Solutions to the problem have been
tracked from ancient times, where the astonishing properties of medicinal plants
heightened the importance of Botanical Medicine [60]. Their antisickling abili-
ties have considerably been evaluated, alleviating symptoms-related to SCD and
malaria infections [61].

Published literature for botanical medicine have dedicated and recognised the
properties of the most common medicinal plants. However, many studies sup-
port the theory that these plants are found in higher numbers, in endemic areas.
The evolution of exchange and travelling around the globe aid in the spread of
the plants worldwide [62]. Concrete evidence of extensive literature reviews and
clinical trials recommended investigation of the biochemical constituents of the
plants for further understanding of their pharmacological mechanisms [63].
Similar antisickling activity reports used in this systematic review evaluate the
effectiveness and capabilities of future candidates for treatment options [64]. A

variety of traditional healer plants studied so far manifested alleviation of nu-
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merous clinical symptoms exhibited in patients. Thus, botanical medicine has
been recognised for its contribution to anti-sickling and anaemia prohibition
properties [65].

From the studies evaluated for their results efficacy and the anti-sickling effec-
tiveness of the medicinal plants, satisfactory results have been observed. A mean
value of 91.54% polymerisation inhibition resulted from the forest plot analysis
of eight medicinal plants presented in Figure 4 from three different studies ([18]
[19] [66]). The importance of the phenomenon’s prohibition derived from the
clinical manifestations caused by the formation of HbS fibres after delivering
oxygen to the peripheral tissues [67]. Then, the erythrocytes transformed into a
sickle shape after the protein conversion to fibres molecules due to the negligible
free energy barrier being released. Hence, cells release water molecules surround
the HbS polymer. These metastable water droplets alter the fibre nucleation ki-
netics, leading to the disease occurrence and morphological changes to the eryt-
hrocytes’ membranes [68]. Therefore, the aforementioned procedure is dispa-
raged, causing less clinical severe manifestations to the patient as the sickle
morphology is diminished by the polymerisation inhibition of HbS molecules
[69].

The presence of various amino acids in the plant extracts aid in HbSS polyme-
risation inhibition improvement [70], possessing in vivo properties and increas-
ing the gelling time of drepanocytes as documented in clinical studies of several
plants and fruits [71]. Other phytochemicals presentation has an essential role in
their therapeutic properties. Phytochemicals such as alkaloids, ketones, flavono-
ids, phenols, tannins, and saponins control the inflammatory responses during
infection, stimulating the formation of immune cells and inducing blood cells
proliferation and further differentiation [72]. Flavonoids and alkaloids are well
known for their therapeutic properties against symptoms related to pain. Their
presence in the plants leaf extract will help relieve the chronic pain caused by
vaso-occlusion [73] and stroke-related symptoms leading to vascular-crisis [74].
Flavonoids also have beneficial action for the physiological function of the ga-
strointestinal system, especially the intestines’ peristaltic movements as well as
the treatment of haemorrhoids [75]. Phytochemicals like tannins exhibited clin-
ical effectiveness in children with diarrhoea by favouring the rapid recovery of
the intestines’ epithelial mucosa [76]. Necessary for its antispasmodic and seda-
tive actions, the heterogeneity of phytochemicals is significant, as it covers a
range of side complications of the disease.

Despite the importance of the previously discussed plants, the uncontrollable
administration to patients causes a toxicity risks unaccompanied by various
health complications and lead to farther clinical manifestations [77]. An example
of persistent mutagenic and carcinogenic compounds produced by a variety of
medicinal plants is a type of alkaloids known as pyrrolizidine. The persistent
plant toxins presentation in water which is used by plants, increased the micro-

bial and anthropogenic chemical pollution, threatening the patients [78]. A mul-
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tidisciplinary study that focuses on the safe consumption of medicinal plants is
concerned with the potential risks to pregnant women and high-risk patients.
Risks such as embryotoxicity induced by a teratogenic activity lead to abortifa-
cient effects. In their study review Bernstein et a/, recommended the avoidance
of the plants discussed previously [79]. Plants from the Occidentalis family and
Aloe vera, when administered orally, are cause laxative potential, which leads to
uterus contraction and abortion [80]. More serious complications have been
documented by the high dose and perinatal exposure of Occidentalis plants
leading to foetal death, mother’s tissue damage and myocardium necrosis [81].
The daily burden of consumers has been published by Drabek et al, reporting
the presence of heavy metals in supplements produced by terrestrial plants and
microalgae. Elements such as cadmium, lead, and cold mercury contribute to
adverse side effects and health complications, related to the prolonged time of
exposure [82].

On the contrary, recent studies on the ongoing SARS-CoV-2 virus pandemic
investigated medicinal plants’ inhibitors against the virus clinical complications.
The presence of antiviral proteases such as Croxin and Digitoxigenin aid in mo-
lecular docking [83]. The anti-inflammatory and antiviral activity of those plants
against common human viruses reported in South India, soothing and relieving
possible symptoms and protecting against contamination and infection [84].
Apart from the antiviral and anti-inflammatory properties of the plants, anti-
cancer activity by the metalloproteinase inhibitors from their extracts has been
documented in various studies to inhibit the metalloproteinase-9 commonly
found in chronic and cancer wound [85]. Aloe vera was used as a model plant
for the demonstration of its extract capacity to inhibit metalloproteinase-2 from
colorectal cancer patients. Preventing metastatic cancer cells migration and an-
tiangiogenic capacity, Aloe vera species are now considered by the pharmaco-

logical industry as a gold candidate for cancer treatments [23].

5. Conclusion

Considering the complicated endemicity and the various factors contributing to
sickle cell disease, the causes of the severity of the clinical manifestations are still
pending. This systematic literature review aims to concentrate on the multisec-
toral aspects of the disease occurrence and the evaluation of alternative treat-
ment options based on the principles of the Botanical Medicine. A plethora of
disease management strategies has been proposed by numerous clinical trials.
However, limitations and risk factors should be taken under serious considera-
tion in order to comprehend the action of the medicinal plants. The tendency of
red blood cells and their shape transformation to drepanocytes should be the
main focus of further studies, as it remains the primary reason for the clinical
manifestations and disease severity. Understanding the causes and investigating
treatment options for the disease will lead to a decrease in both the mortality and

morbidity rate of the affected individuals.
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Abbreviations
ALE Acidic Metabolite
BLE Basic Metabolite
BM Botanical Medicine
BUS Butanol solution
CAE Crude Aqueous Extract
CI Confidence Interval
Conc. Concentration
EtOH Ethanolic*
FAS Fat Soluble
GSH Glutathione Peroxidase
Hb Haemoglobin
HbF Foetal Haemoglobin
HbS Sickle Haemoglobin
IR Intra Red (analysis)
LE Leaf Extract
MPPIs Metalloproteinase Inhibitors
MV Mean Value
MWS Methanol Water Soluble
NLE Neutral Metabolite
PRISMA Preferred Reporting Items for Systematic Review
RBCs Red Blood Cells/Erythrocytes (synonym)
ROS Reactive Oxygen Species
SCA Sickle Cell Anaemia
SCD Sickle Cell Disease
SCs Sickle cells/Drepanocytes (synonym)
SD Standard Deviation
SOD Superoxide Dismutase
TLC Thin Layer Chromatography (Procedure)
WAS Water Soluble
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