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Abstract

Introduction: In Sudan, Grewia tenax fruits, are known commonly as Goddaim. The fruit's
pericarp is used traditionally for a long time as a juice or a porridge to treat iron deficiency anemia
(IDA). Traditional Goddaim users have a very strong belief in its effectiveness. However, the pattern of
hemoglobin improvement follows an initial fast increase followed by a decline upon continuing its use.
Some previous studies have attributed its effect to high iron content, while the iron quantity was too small.
This work attempts to find an explanation for its mechanism of action by screening the fruit extract and its
respective fractions for secondary metabolites, minerals, vitamins, and fibre.

Methods: Entailed three methodologies: Chemical analysis to identify quantified minerals, ascorbic
acid and non-digestible fibers, Phytochemical Analysis to separate and identify secondary metabolites
using high-performance liquid chromatography coupled to tandem mass spectrometry (HPLC-MS-
MS technique), and estimation of radical scavenging activities of crude fruit extract and its respective
chloroform and ethyl acetate fractions by inhibition of the 2,2-diphenylpicrylhydrazyl (DPPH).

Results: Ascorbic acid and indigestible fibres were revealed in the aqueous extract. Secondary
metabolites were flavonoids (e.g., quercetin, kaempferol), organic acids (e.g., ferulicacid, chlorogenic acid),
B-carboline alkaloids (e.g., 3-hydroxy-tetrahydroharman) identified in the chloroform, and ethyl acetate
fractions. The in vitro antioxidant activity of G. tenax fruit extract was confirmed spectrophotometrically.

Conclusion: It can be concluded that the initial enhancement of iron absorption through ascorbic
acid and fibres, followed by iron uptake inhibition, could be explained by iron chelation by the chelators in
the fruits. This paradoxical effect may qualify G. tenax fruits as a safety gauge for improving haemoglobin
levels without compromising iron excess once iron stores are filled by keeping the oxidative stress in
check. This may present G. tenax fruits as a good and safe remedy that optimizes the treatment of IDA.
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Introduction

Grewia tenax tree is native to Sudan and other sub-
Saharan countries. They belong to the family Malvaceae
[1]. Different parts of the tree have various medicinal uses
in countries where they wildly grow, e.g., hepatic disorders
and sunstroke [1-6]. In Sudan, G. tenax is commonly known
as Goddaim. The fruit’s pericarp is used as juice or porridge
to treat IDA [7], especially for children and lactating women
[8,9].

IDA is the most common type of nutritional deficiency
worldwide [8]. it is more prevalent among females of child-
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bearing ages, children, low meat consumers, patients with
gastrointestinal diseases, and those who chronically use
antacids [10]. However, in certain geographical areas where
diseases like intestinal parasites, malaria, and hookworm
infestations are endemic, IDA is more common, among which
is Sudan [10]. IDA develops when the body’s stores of iron
drop to a level below that supports average red blood cell
production [10].

Many people from Sudan use Goddaim to treat IDA.
Traditional Goddaim users may prefer it over conventional
ferrous salt supplements, which frequently cause
gastrointestinal adverse effects [11]. However, many
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traditional Goddaim users substantiate its prompt initial
improvement in haemoglobin level, followed by a subsequent
decline (Results from an unpublished ethnopharmacological
survey).

Treatment of IDA requires replenishment of iron. Safe and
effective iron replenishment requires an understanding of
complicated iron hemostasis [12]. [Iron hemostasis involves
many inter-players, which interfere in all stages of iron
uptake, transit, and transfer [12].

The human adult body contains 3 -5 grams of iron [13],
obtained from three sources: the degraded RBCs, storage
sites (ferritin), and the smallest quantity of dietary iron from
intestinal absorption [14].

Dietary iron, mostly in ferric Fe**form [12], is of two types,
heme organic iron, accounting for one-third, is absorbed
directly [15]. The other form is the inorganic, non-heme iron,
[8] which accounts for two-thirds of iron [16]. Iron from both
types is taken from the duodenum and the proximal jejunum
[16].

The non-heme iron is less absorbable by 2% - 20% [16],
soluble in acidic pH, and precipitates in pH > 3[12].

Before uptake, the dietary ferric iron gets reduced to
ferrous by the ferric reductase enzyme activated by acidic
pH [17]. It binds to its carrier, the divalent metal transporter
(DMT-1) [18]. Heme iron, on the other hand, liberates
ferrous from heme through a separate mechanism [18].
Inside the enterocyte cell, ferrous iron from both types in a
common pool binds to ferritin [18] or gets into the plasma
after binding with ferroportin [17]. Ferroportin is exclusively
controlled by hepcidin [13]. Hepcidin, when secreted,
inhibits all iron handling processes: absorption, recycling,
and utilization [18-26]. Iron bioavailability is limited; only
10% of the ingested iron gets up-taken [17].

The tight control of iron absorption is cellular when it
captures iron inside the cell by ferritin, transferrin, and its
receptor [13], and at a molecular level through hepcidin
[13]. Dietary iron uptake is influenced by other co-ingested
nutrients, either by enhancement or inhibition [27].
Enhancersinclude, e.g., ascorbicacid, low pH, while inhibitors
include phytates, oxalic acid, and calcium [16,28,29]. Calcium
inhibits both heme and non-heme iron [16].

Regarding natural products, flavonoids are polyphenolic
compounds abundant in plants that influence iron uptake
differently. Forexample, quercetin,anabundantflavonoid, has
shown an acute effect on iron transport due to iron chelation
[28]. Previous animal studies have confirmed quercetin’s
inhibitory effect on iron uptake by reducing ferroportin
(FPN) expression for 18 hours [28]. Another study indicated
that this inhibition indicated a novel mechanism for iron
regulation and might be mediated by miRNA interaction with
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the FPN 39 UTR and not a transcriptional event [30]. This
suggested flavonoid inhibitory mechanism can be beneficial
for patient groups at risk of iron loading by limiting the rate
of intestinal iron absorption [27]. On the other hand, treating
cultured cells and mice (either orally or systemically) with
the dietary flavonoid myricetin reduced hepatic-hepcidin
expression, decreased splenic iron levels, and increased
serum iron levels, a compelling in vitro and in vivo evidence
emerged that myricetin is a hepcidin antagonist with a high
therapeutic potential in terms of boosting iron levels to treat
IDA [31]. These results suggest that myricetin is a novel
therapy for treating iron deficiency-related diseases [31].
Although quercetin is structurally like myricetin, the former
reduces iron overload by regulating hepcidin, while the
latter enhances iron absorption by inhibiting hepcidin [32].
Meanwhile, the structurally related apigenin does not affect
hepcidin transcription [33].

When iron in the body exceeds the capacity of ferroportin,
free cellular iron, and free plasma iron increase and become
the labile iron pool (LIP) [34]. LIP is a tightly controlled and
regulated smaller quantity of chelateable, redox-active-free
iron [14] thatnormally accounts forlessthan 5% ofthe 50-100
uM cellular iron [35,36]. It remains bound to low molecular
weight chelates, including citrates, ATP, pyrophosphates, or
ascorbic acid, to protect the body from iron overload and
toxicity [35]. However, with certain biochemical stimuli like
iron overload or high iron supplementation, LIP can increase
[35,36] and get incorporated into Fenton’s reaction, resulting
in oxidative stress [14]. The LIP portion of iron can either fuel
iron bioavailability or get incorporated in redox reactions
and form reactive oxygen species (ROS) [14]. Therefore, LIP
is considered a critical factor in producing the catalytic iron
implicated in generating free radicals that initiate the Fenton
reaction [35,37] and is extremely toxic and damaging to RBC
components [38].

The past couple of years have witnessed growing
evidence about the biochemical parameters involved in
IDA concerning the crucial role of oxidative stress in the
pathogenesis of IDA [39], and the benefits of antioxidants
in iron replenishment programs [40]. It has become evident
that oxidative stress positively correlates with the severity of
IDA [40]. Oxidative stress occurs when the balance between
the production of ROS and antioxidant defence diminishes,
and the natural enzymatic and non-enzymatic antioxidant
systems that neutralize the harmful effects are deficient
[40,41]. Due to the lack of reliable physiological excretion of
excess free iron, iron overload becomes unavoidable when
the quantity of free iron exceeds the capacity of ferroportin
[14], it becomes available to fuel Fenton's reaction, according
to the equation:

Fe (1I) + O,- Fe (III) + O, ® (superoxide anion)

Fe (I11) + A (reductant) =2 Fe (II) + A (Oxidized biological
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reductant) e.g., ascorbic acid [13]. Then the ferrous ion
catalyzes the decomposition of H,0,.

(Fenton’s reaction): Fe (II) + H,0, ; OH®+ Fe (III) + OH
(Hydroxyl radical).

Iron overload may occur during iron infusion [16] or even
during supplementation with high iron doses [16,42,43]. The
produced free radicals damage proteins, lipids, and DNA [14].

Two natural protective mechanisms exist to control
high iron in the human body: increasing hepcidin levels to
degrade ferroportin and forming ferritin [34]. Ferritin is an
endogenous antioxidant that captures and sequesters iron
against oxidative stress [34].

Another important protective mechanism is through iron
chelation [13]. Iron chelators, when ingested, bind cellular
iron and remove it from the body through excretion [44].
The non-heme iron has six coordinating bonds [12,18] in
an octahedral arrangement to coordinate six ligands [14].
Certain chelates may occupy the six iron coordinating bonds
at the physiological pH and aqueous solution, forming
macromolecules with hydroxyl groups and making iron
unrecognisable to the absorptive mucosa [12,14,18]. Donor
atoms that contain either oxygen, nitrogen, or sulfur bind
ferrous or ferric iron by a coordinating bond and form a
stable iron-chelate complex, the power of which depends on
the efficiency of occupying the six binding sites [14].

The current work included screening phytochemical
constituents of G. tenax fruits and estimating their radical
scavenging activity through the application of appropriate
techniques to quantify the mineral contents, fibers, and
ascorbic acid, separation of polyphenols, and identification
of secondary metabolites in G. tenax extract; it is chloroform,
and ethyl acetate fractions through HPLC-MS-MS technique
and the measurement of scavenging activities of crude fruit
extract, chloroform, and ethyl acetate fractions through
inhibition of DPPH.

Moving from a viewpoint that the traditional use of
natural products has become an acceptable basis for
further investigation, which may lead to the discovery of
new treatment mechanisms or new compounds [45]. The
improved understanding of the pathogenesis and treatment
of IDA [39], guided the current work to screen the fruits
for primary and secondary metabolites in the fruits and
estimate their scavenging power to relate the obtained data
to the ability of these fruits to improve hemoglobin levels and
reverse IDA as a prevalent remedy for a long time in Sudan
attempting to identify a mechanism through which it can
reverse IDA.

Materials and methods

Analysis of chemical constituents

The chemical analysis was performed on G. tenax
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fruit extract residue to identify and measure the primary
metabolites, minerals, iron, magnesium, potassium, calcium,
zinc, vitamins, and fibers.

Extraction and fractionation of the fruits: One-
hundred-gram dry G. tenax fruits were macerated overnight
and blended gently by an electric mixer. Seeds were
removed, and the thick juice was filtered through a sieve.
A few millilitres of the filtrate were extracted by 80 ml
petroleum ether (60 °C - 80 °C) from Techno (India), three
times in a separating funnel into a separate extract flask. The
aqueous residue was extracted by chloroform 80 ml three
times. The residual extract was washed thrice with ethyl
acetate 80 ml from CHEMI-PHARMA lot No 057700. The final
residual extract was put in a water bath for concentration
and evaporation of excess solvents.

Analysis of Grewia tenax fruits for ascorbic acid: Analysis
of G. tenax for ascorbic acid was conducted by titration of
ascorbic acid with 2,6-Dichlorophenol Indophenol (DCPIP)
solution. 10 ml of G. tenax crude extract was taken in a conical
flask to which 10 ml of distilled water was added. The fruit
sample was titrated against DCPIP in the burette to a pink
endpoint (about 30 seconds). The weight was calculated in
100 ml (reaction 1:1).

CV =Wt/ MM or Wt = MM (ascorbic acid) X C (DCPIP) X
V (DCPIP)

Volume of ascorbic acid=176.12 X 0.00089X 119 /1L=
0.00285 gm /10 ml = 28.55 mg / 100 ml.

Analysis of Grewia tenax fruit pericarp for minerals, K,
Ca, Mg, Zn, Fe, and non-digestible fibers: To measure non-
digestible fibers and the following minerals: iron, calcium,
copper, zinc, and magnesium in the powdered extracts.
The crude fruits were dried at 40 °C and then crushed. The
crushed samples were further oven-dried at 105 °C. Five
grams of each was finely grounded and placed in a porcelain
crucible in a cool muffle furnace. The temperature rose to
450 °C for 3 hours to ash the samples. The residues were
then cooled and dissolved in 15 ml 5 M HCI, to which a few
drops of HNO, acid evaporated to dryness on a water bath
(hot plate). The resultant sample was dissolved in 15 ml of
5 M HCI, warmed, and filtered into 50 ml volumetric flasks,
with the volume completed by distilled water. Then, each of
the specified minerals was measured by atomic absorption
spectroscopy [46,47].

Materials and Methods of LC-MS-MS

The phytochemical analysis by HPLC-MS-MS technique to
investigate the secondary metabolites in the fruit extract its
chloroform and ethyl acetate fractions.

Extraction and fractionation of G. tenax: The process
of extracting G. tenax fruits involved, taking 100 g of dry
clean fruits, macerated overnight, and blended gently with
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an electric mixer. The seeds were quickly removed, and the
thick juice was filtered through a sieve. A few millilitres of the
filtrate were extracted by 80 ml petroleum ether (60 °C - 80
°C) from Techno PHRMCHEM - BAHADURGARH, HARYANA
(India), three times in a separating funnel into a separate
extract flask. The residual aqueous extract was extracted by
chloroform 80 ml from Techno Phrmchem - Bahadurgarh,
Haryana (India), three times. The residual extract was
extracted by ethyl acetate 80 ml from CHEMI-PHARMA lot No
057700, three times. The final residual extract was put in a
water bath for concentration and evaporating excess solvents
(added sodium sulfate powder). The same was repeated with
the four flasks, dried, and labelled. The crude fruit extract,
chloroform, and ethyl acetate fractions were analyzed using
the LC-MS-MS technique to identify the secondary metabolite
constituents.

Analysis by HPLC-MS technique: The extracted liquid
sample was analyzed by the combined HPLC/UV- DAD
analytical technique and the UV spectra were recorded at
a UV range of A 254 nm, based on fragmentation pattern
in comparison with reported data by photoiodide array
detector DAD. The sample is transferred into the ion
source of MS, which is the electrospray ionization (ESI).
The instrumentation was controlled by HP Chemistation
software. ESI interface at alternating (negative/positive) ion
mode. The HPLC was joined with an HTC ULTRA-BRUKER
DALTONICS. High-Performance Liquid system HP-1100
Agilent equipped with a binary pump. A Hewlett-Packard
(Walbornn, Germany). 1100 series online photoidodide
array detector (DAD) used for detection. MS/ MS Brucker
Dalonics ion trap, (ESI) negative/ positive ion mode, (CID)
MS®. Multickan spectrum version 1.2 serial number 1500-
709, actual temperature 36.1 °C. Software used for analyses
of data Skanlt Software, and RE for Multiskan Spectrum.

The separation at a UV range of A 254, was performed on
a C-18 HPLC column. Waters, Bedford, MA, USA with a linear
H,0 (0.1% Formic acid). Gradient (30% - 65% - 98% - 98%)
0-20-30-40 min, stabilization time 12 min, flow 0.8 /min. The
column thermostat was set at 30°C and an injection volume
of 5 ml with a flow of 1ml/min. The DAD-UV detector was
set at 300-380nm. Formic acid was added to avoid the tailing
of separated compounds. The separation of polyphenols in
the chloroform fraction of G. tenax extract was conducted
on a (Varian C18, 4.6 mm x 250 mm x 5 pm USA) reverse-
phase column at 35 °C and a flow rate of 0.5 ml/min using
an HPLC system which consisted of a binary Agilent 1200
series Bin pumps, and Agilent series 1100 DAD detector,
program: 0 min (85% A, 15% B), 10 min (80% A, 20% B),
20 min (35% A, 65% B), 30 min (25% A, 75% B), 50 min (
10% A, 90% B). UV detection was recorded at 254, 280, and
370 nm for polyphenols detection. The capillary temperature
was setto 365 °C, the spray voltage was setto 5000 V. Nitrogen
was used as sheath gas, and the flow was set to 40 U. Helium
was used as collision gas at 0.8 mTorr. Collision Induced

https://doi.org/10.29328/journal.jhcr.1001026

Dissociation (CID) or IT-MS" experiments were performed
to fragment the compounds studied [48]. Neutral loss scans
were investigated with a scan range from m/z 50 to 1000 at
a collision energy of 15 and 30 even. Secondary metabolites
were identified based on their mass fragmentation pattern by
comparing them to the reported nomenclature and obtaining
detailed information by restoring tandem mass spectrometry
MS/MS combined with collision-induced dissociation CID.
The processes of LC-MS-MS analysis are summarized in the
flowchart in Figure 1.

Materials and methods of estimation of the radical
scavenging activities through inhibition of DPPH

Extraction of the G. tenax fruits: About 20 g of dried
G. tenax fruits were coarsely crushed by mortar and pestle
and placed in a conical flask, then Ethanol 70% from SD
fine-chem. Limited - Mumbai India was added, so the plant
was immersed and boiled in a water bath for one hour, then
filtered while hot. The extract was concentrated in the water
bath until ethanol completely evaporated; a portion of the
crude extract was kept in a dry labelled vial (crude ethanolic
extract).

Liquid-liquid partitioning of G. tenax extract: The
remaining extract was fractionated (after cooling) using
a separator funnel with petroleum ether three times; the
organic extract was collected and passed through anhydrous
sodium sulfate, concentrated, and kept in a dry labelled vial
(petroleum ether fraction). The fractionation process was

100 GM Plant Extract I

A\l

Maoerati_on l

!

Methanol 70 % |
\

Crude Extract I

v

PE Extract CH €l 3 extract Et O AC extract Crude extract
RP-HPLC MS/ M5
O man (90 % A+ 10 % B) Bruker Dalonics
Antioxidant activity
10 min (80% A + 20% 8) on trap-
DPPH &0 pg'ml
20 min (35 % A + 65 % B) 27} BET
30 min (25 % A + 75% 8] Negative/pasitive 3 min incubation
50 min (10 % A + 90 % B} ian Mode Spectrophotometer

- {CID} Ms" 517 nm

Figure 1: Flowchart of HPLC technique to identify secondary metabolites in

G. tenax fruit fractions.

www.hematologyresjournal.com m



Mechanism of Action and Validation of the Traditional Medicinal use of Grewia Tenax Fruits in Sudan to Encounter Iron Deficiency Anemia m
)

repeated using chloroform, then ethyl acetate and kept in
dried vials labelled as (chloroform fraction and ethyl acetate
fraction, respectively), while the remaining aqueous extract
was kept in another vial and labelled as (aqueous residue).

Measurement of free radical scavenging activity
by DPPH spectrophotometric assay: The DPPH radical
scavenging activity was estimated by measuring the decrease
inthe absorbance ofthe methanolicsolution of DPPH (257621-
sigma), according to Sarker and Nahar [49]. In a 96-well plate,
the test samples dissolved in methanol at concentrations (5
mg/ ml, 15 mg/ ml, and 20 mg/ ml) were allowed to react
with 2.2Di (4-test-octyl phenyl)-1-picryl-hydroxyl stable free
radical (DPPH) at 37 2C. The concentration of DPPH was kept
at (80 ug/ml). DPPH scavenging activity was measured for
each sample at 60 min at 517 nm using Thermo Scientific
Multiskcan Spectrophotometer. The corresponding RSA%
activities were calculated for each concentration according
to Biapa, et al. [50]. Percentage radical scavenging activity
(% RSA) by samples was determined in comparison with a
methanol-treated control (negative control), while ascorbic
acid (0.5mM) and propyl gallate (100 uM) were used as
positive controls.

Scavenging ability (%) was calculated by using the
formula: (Rate of change in the absorbance of control).

% Radical scavenging activity = 100- (Rate of change in
the absorbance of the test) / Ax 100

Results
Results of chemical analysis

G. tenax fruit extract revealed an amount of fiber at 73.8
mg/100 g, ascorbic acid at 28 mg/ 100 g, and potassium at
520 mg/100 g, as shown in Figure 2. The mineral content
was calcium 20 mg/ 100 g, magnesium 10 mg/ 100 g, Iron
4.5mg/100 g, and zinc 1.5 mg/ 100g as in Figures 2,3.

Results of the LC-MS-MS analysis

G. tenax fruit extract and its chloroform and ethyl acetate

E
)
o
o
-
s
]
o
o
E
=
-
£
=
o
E
®

consitiuents in g._iénax fruit extract

m Non-digestable fibres ES:

Figure 2: Amount of Potassium, ascorbic acid, and Fiber in G. tenax fruit
extract.
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Mineral content in G. tenax Fruit Extract

0 . —

Magnesium Calciur lron Zinc

Minerals
Figure 3: Mineral Content in G. tenax fruit extract.

fractions were subjected to phytochemical analysis by
the HPLC-MS-MS technique. In the presence of ionization
sources and mass analyzers, coupling between HPLC and
tandem spectrometry. An analytical technique based on
measuring the mass-to-charge ratio of ionic species related
to the analyte under investigation. The liquid sample passes
through a stainless-steel capillary tube [51]. Tandem mass
spectrometry is used to overcome the insufficiency of
information produced by a single MS run [52]. It combines
liquid chromatography with mass spectrometry, consisting
of a double photodiode three-way diverter (as an automatic
switching valve to divert undesired portions) in line with an
auto-sampler, LC system, and the mass spectrometer [53].

Amount of Mineral in mg per 100

Twenty-two known and unknown compounds were
identified: ten in the aqueous fruit extract, five in chloroform,
and seven in ethyl acetate fractions. At a UV range of 254 A
max . on their mass fragmentation pattern in comparison
with the reported data product ions from glycoconjugates
donated according to the reported nomenclature and shown

in Tables 1-3.

Result of radical scavenging activities of the fruits
and its extracts by DPPH Inhibition

The DPPH in methanol in 1 mg/ml as a substrate was
used to assess the free radical scavenging activities of the
crude fruit extract, its chloroform, and ethyl acetate fractions.
Each of the samples was prepared in three concentrations,
5 mg/ml, 15 mg/ml, and 20 mg/ml. Reference compounds
used for comparison were ascorbic acid and propyl gallate.
All samples were incubated for 60 minutes in a 96-well
spectrophotometer to measure absorbency at 517 nm. For all
the samples, the experiment was performed in triplicate and
the average was taken, then the percentage inhibition was
calculated as follows.

% Inhibition = {(B- A)/ B} X 100
% RSA =100 - (A sample/ Absorbance control X 100).

B and A are the absorbance of the blank and the test
solution at 517 nm. The results are shown in Figure 4.
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Table 1: RP- HPLC data (R)), molecular weight (m/z), MS/MS data (m/z), and assigned structures of the compounds in the aqueous fractions of G. tenax fruits.
R, (min)

Comp. Peak M-H (m/z) CID M"ain fraction ions (m/z)

Assigned structure

Molecular formula

PCERS

Aqueous extract

1 2.8 195 177,129, 85 Ferulic acid C,H,,0, 66
2 3.3 367 193, 173. 129 5- O- feruloulquinic acid C,;H,,0, 100
3 3.5 353 173, 111 Chlorogenic acid C,sH,0, nd
4 3.8 290 200, 128 Catechin C,sH,,06 62
5 4.0 191 173, 111 Quinic acid C,H,,04 23
6 7.7 315 165, 153, 109 Protocatechuic acid hexoside C,; Hs O

7 27.4 593 285, 255, 240, 229 Kaempferol 4’ hexoside rhamnoside C,, H,, O, n.d
8 27.7 593 285, 255, 241, 229 Kaempferol 7 hexoside rhamnoside C,, Hy, O, 25
9 28.0 623 315, 300, 271, 255 Isorhamnetin 7 hexoside rhamnoside C,eHy, Oy n.d
10 593 447, 285, 271, 255, 241, 151 Kaempferol 7 hexoside 4’rhamnoside C,; Hy Oy n.d

RP: Reverse Phase; R : Retention Time; M + H: Positive lon Mode; M - H: Negative lon Mode; M/Z: Mass to charge ratio; CID M": Collision Induced Dissociation; MS/MS:

Tandem Mass Spectrometry

Table 2: RP- HPLC data (R,), molecular weight (m/z), MS/MS data (m/z), and assigned structures of the compounds in chloroform fractions of G. tenax fruits.

compound Peak R, (min) | M+H (m/z) M-H (m/z) CID M"Main fraction ions (m/z) Assigned structure Molecular formula = Area %
Chloroform fraction
1 14.6 233 215,187,172 3-hydroxy-tetrahydroharman n.d.
C13 H14 NZ 02
2 23.5 329 314, 299, 172 Isorhamnetin—3- methoxy n.d
C16H1207
3 23.8 301 286, 258, 229 Chrysoeriol C,H,,04 58
4 24.0 593 285, 257, 151 Kaempferol-7-0-Coumaroyl glucopyranoside 100
CZ1 H21 011
5 241 299 271,225, 179, 165,153 Apigenin -7-methoxy CsH,O, 100
RP: Reverse Phase; R : Retention Time; M+H: Positive lon Mode; M-H: Negative lon Mode; M/Z: Mass to charge ratio; CID M": Collision Induced Dissociation; MS/MS: Tandem
Mass Spectrometry

Table 3: RP- HPLC data (R,), molecular weight (m/z), MS/MS data (m/z), and assigned structures of the compounds in the Ethyl Acetate fractions of G. tenax fruit.

Compound Peak R (min) M+H (m/z) M-H (m/z) = CID M"Main fraction ions (m/z) Assigned structure Molecular formula ' Area %
Ethyl acetate

1 16.3 274 230, 214, 186,141, 108 Norharman derivative C,, HgN, 21

2 17.8 447 284, 255,240.227 Kaempferol -7-0-b-glucopyranoside C,, H, O, 34

3 18.3 609 301, 286, 241, 151 Quercetin -7-O- glucopyranoside C,,H,,0,, n.d.

4 18.5 462 299, 284, 255, Chrysoeriol-7-O- glucopyranoside C,H, 0, n.d.

5 21.6 433 269, 187, 105 Apigenin -7-O- glucopyranoside C,, Hy, Oy n.d.

6 21.8 301 257,179, 151, 121 Quercetin C,H,, O, 29

7 241 315 300, 271, 151 Isorhamnetin CsH,O, 100
RP: Reverse Phase; R : Retention Time; M+H: Positive lon Mode; M-H: Negative lon Mode; M/Z: Mass to charge ratio; CID M": Collision Induced Dissociation; MS/MS: Tandem
Mass Spectrometry

100 RSA % of G.tenax samples at Discussion

90 60 min

&0 I The G. tenax fruit extract and its respective fractions were

:i screened for their secondary metabolites, minerals, vitamins,
e 50 and fiber. They assessed spectrophotometrically their radical
b ;z I 1 scavenging activities based on 2,2-diphenylpicrylhydrazyl

20 I (DPPH) to validate the use of these fruits in the treatment

lz | of IDA.

& @ @ @ & @ @ @ @ D e . . . .
ﬁ‘-‘“& \%«3} & %‘)@‘9 .@é‘& & &8 1@\‘3 n‘:dta Q@\ This is the first attempt to validate the traditional use of G.
EP R Q‘&O Q‘&& “\@‘9’ & & & LR tenax fruits in treating IDA. Interestingly, the quantity of iron

in the G. tenax fruits was not incredibly high (4.5 mg per 100
grams); it has been widely implicated in the literature to be
responsible for the effectiveness of these fruits [53-58].

G.tenax samples in different concentrations

Figure 4: RSA% of different concentrations of G. tenax crude extract,
chloroform, and ethyl acetate fractions at 60 min. RSA: Radical Scavenging

Activity; Cr Fr: Crude Fruit; Fr CH C13: Chloroform Fraction of Fruit Extract;
Fr A Ac: Ethyl Acetate Fraction of Fruit Extract.

The co-existing chemical constituents believed to
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enhance intestinal iron uptake are ascorbic acid, measured
at 28 mg per 100 g, and insoluble dietary fibers, measured at
73.8%. Ascorbic acid is known to enhance the uptake of iron
[59,60], through chelation with ferric iron in the low pH of
the stomach, maintaining its solubility in the duodenum [16].
It reduces Fe*3*to Fe*?, regulates the redox state, and inhibits
hepcidin expression [38]. The fruits also contain a very high
amount of potassium at 470 mg per g extract, which equals
the strength of a potassium supplementary tablet. This may
be a concern for patients who should be potassium-restricted.

Some dietary fibers are prebiotics [61]. Prebiotics are
defined as non-viable food substances that reduce the pH
luminal content, accelerate the reduction of dietary ferric to
ferrous iron, and are considered enhancers of iron uptake
[60]. However, the enhancement of iron absorption by
prebiotics depends on the dose consumed, the prebiotic, and
the iron status of the individual [61]. Accordingly, ascorbic
acid and insoluble fibers may act as vehicles to render
measured iron bioavailable minute quantity [60].

Most of the 22 compounds of the identified secondary
metabolites in the aqueous extract of G. tenax fruits and their
respective fractions are associated with powerful antioxidant
activities, various pharmacological effects, and medicinal
uses. They include polyphenols, which are organic chemicals
naturally occurring in plants, beneficial as antioxidant
compounds that can functionally counteract the effects
of oxidative stress [38]. Polyphenols include three main
sub-groups; flavonoids, phenolic acids, and stilbenes [62].
Flavonoids were among the identified secondary metabolites
in G. tenax fruit extract, they affect iron hemostasis through
a dual action, as antioxidants and chelators [12], in a balance
between iron deficiency and iron overload [62]. They can
chelate iron overload in human lung epithelial cells (A549),
induce catalase enzyme, and eradicate ROS and lipid
peroxidation [38]. Their iron chelating ability depends on
the pH and the ortho dihydroxy groups [62]. Chelating donor
atoms may either complex with ferrous or ferric iron [14].
They can protect the body from excessive iron through three
mechanisms, amelioration of iron status by various proteins,
chelating iron to reduce its disposition, and resisting
oxidation of iron to initiate Fenton’s reaction [34]. They form
a flavonoid-iron complex that will be removed from the body
via urine or feces and deplete LIP [13,14,34].

A voluminous literature that emerged recently provides
substantial evidence that supports the radical scavenging
properties of almost all the metabolites identified in the
present research, including flavonoids [632-66], 3-carboline,
and organic acids [67-69]. However, in vitro Caco-2-cell
studies have shown that the natural flavonoid compounds
are either inhibitors or promoters of iron uptake and that
inhibiting compounds have a more potent effect outweighing
that of the iron uptake-promoting ability [70,71]. Flavonoids
(e.g., quercetin, kaempferol), organic acids (e.g., ferulic acid,

https://doi.org/10.29328/journal.jhcr.1001026

chlorogenic acid), B-carboline alkaloids (e.g., 3-hydroxy-
tetrahydroharman), most of which act in synergy with their
antioxidants and iron-chelating capacities.

The scope of this research is the use of G. tenax fruits in
replenishing iron for IDA patients. Iron is both a beneficial
micronutrient and a detrimental toxic pro-oxidant [13,28]
and has always conflicted scientists on how to supplement
iron safely and strike a balance between its benefits and
harmful effects during supplementation [35,36].

Among the flavonoid compounds, quercetin, which is
widely distributed in natural plants, is known as the strongest
natural antioxidant with powerful radical scavenging activity,
and iron chelation, and has antitumor effects as well [72]. It
induces bone morphologic protein 6 (BMP6) and binds to
hepcidin expression [38]. It inhibits intestinal absorption
of iron through its chelation by the 3-hydroxyl group, it
chelates the excess iron and prevents its transport outside
the intestinal enterocytes [30]. Because of this iron-chelating
ability, quercetin was suggested to have an acute effect on
iron transport [30]. However, longer-term studies in rats by
a single gavage and iron transporter expression measured 18
h later showed that duodenal ferroportin (FPN) expression
was decreased in quercetin-treated rats, an effect which has
been outlined in Caco-2 cells were exposed to quercetin for 18
h. Reporter assays in Caco-2 cells indicated that repression of
FPN by quercetin was not a transcriptional event but might
be mediated by miRNA interaction with the FPN 39UTR,
indicative of a novel mechanism for the regulation of iron
bioavailability of flavonoids which might be beneficial for
patients groups at risk of iron loading by limiting the rate of
intestinal iron absorption [30].

Other constituents of G. tenax fruit are catechin
and kaempferol, which are flavanols. Catechin occurs
widely in plants and has antioxidant, anti-inflammatory,
antiproliferative,anti-thrombogenic,and anti-hyperlipidemic
effects [63,64]. Kaempferol has shown beneficial pharma-
cological effects e.g., anti-inflammatory, and antioxidant [73].
Ferulic acid is a hydroxycinnamic acid, it exists as free ferulic
acid or ferulate bound to polysaccharides, flavonoids fatty
acids, or other phytochemicals and can eradicate ROS and
reduce hepatic injury and reverse mitochondrial swelling
as an antioxidant, has skin protection, anti-inflammatory,
antimicrobial, anticancer, and antidiabetic effects [74,75].
Unlike other flavonoids, ferulic acid is not a direct iron
chelator and does not affect iron uptake [38].

Chrysoeriol is a flavone derivative that has demonstrated
pharmacological properties against tumour cell lines, colon
cancer, gastricand lung cancer, and antidiabetic, antibacterial,
anti-inflammatory, antioxidant, and antihyperlipidemic
effects [76]. The p-carbonyl alkaloids, harmaline, and
harmine are known to have various biological activities,
like antioxidant, anti-inflammatory, and potential for the
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treatment of Alzheimer’s disease due to anticholinesterase
inhibition as was found in an in vivo study done on mice [77],
antitumor with selective cytotoxic effect [78].

The prominent antioxidant activities shown by the
G.tenax fruit extract and its respective chloroform and ethyl
acetate fractions have shown that the inhibition of DPPH is in
a concentration-dependent manner.

Thus the natural anti-anemic antioxidant medicinal plants
have proved to be safe and effective in both iron deficiency
and iron overload through the regulation of iron metabolism
[38]. Therefore, it has become evident to include antioxidants
in the treatment regimen of IDA [39,40]. It becomes logical,
that supplementation of iron requires a balance between the
supplementary dose of iron and the body’s protection from
the harmful effects of iron [38]. The use of Antioxidants as
adjuvants, or alternatives to the IDA treatment regimen,
is very important to alleviate anaemia-related oxidative
damage; when supplying iron to ID individuals, they augment
the body’s antioxidant system [38]. This implies that the
methodology of iron supplementation matters rather than
the iron supplementation dose [28].

The aforementioned information provides room to
speculate about the effectiveness of G. tenax and present
these fruits as a remedy that improves the bioavailability of
smaller amounts of iron more quickly, and as a gauge that
detains excess iron. This understanding presents G. tenax
as a remedy that optimises iron replenishment, balancing
between improving iron bioavailability and preventing the
absorption of damaging excessive iron, working as a gauge
that regulates iron absorption.

Conclusion

It can be concluded that G. tenax fruits can improve iron
levels by enhancing their bioavailability with ascorbic acid,
fibres, and possibly the flavonoids identified in the fruits.
When free iron increases beyond the capacity of carrier
proteins, increasing free iron might get removed by specific
chelators in the fruits. However, the ability of these fruits to
balance the oxidative stress/ antioxidant system in the body
in a paradoxical manner improves hemoglobin levels more
quickly and safely by detaining excess iron.

The enhancement of iron bioavailability in fruit
consumption, initially followed by inhibition of its
absorption through chelation, could be explained in terms of
the dual role of G. tenax fruit as a safety gauge in improving
hemoglobin levels at the beginning of its consumption
without compromising iron excess once iron stores are filled
by keeping the oxidative stress in check.
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