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Abstract

Management of chronic renal failure is exceedingly expensive. Despite of

encouraging experimental outcomes, there is a lack of potent nephroprotective

drugable molecules in a clinics or market. To develop a nephroprotective

phytomedicine, the present study was designed to do a literature survey on

reported phytochemical and biological analysis of Combretum micranthum and

to carry out chemoprofiling, in-vitro antioxidant and ex-vivo nephroprotective

capacity of the title plant. The phytochemical and biological activity survey of C.

micranthum has reveals the presence of many bioactive compounds such as

flavonoids, terpenoids, steroids and alkaloids with many biological activities.

Phytochemical investigation re-confirmed the presence of these compounds.

Hydroalcoholic extract of C. micranthum (CM extract) showed a strong

antioxidant activity by scavenging AAPH, DPPH, nitric oxide, hydrogen
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peroxide and chelating metal ions. CM extract exhibited significant (P < 0.001)

dose dependent inhibition of ferric chloride-ascorbic acid induced lipid

peroxidation. Diabetic nephropathy is a serious and common complication

leading to end stage renal disease. Therefore, in the present study, glucose-

induced toxicity was also studied in human embryonic kidney cells (HEK-293)

as an in vitro model for diabetic nephropathy. The results showed that exposure

of cells to high glucose (100 mM) for 72 h significantly reduced the cell

viability resulting in morphological changes such as cell shrinkage, rounded cell

shape and cytoplasmic vacuolation. Treatment with CM extract at 10 and 25 mg/

mL resulted in significant improvement in cell viability from 10 to 23%

compared to the high glucose control. This study demonstrated the potential

antioxidant and nephroprotective properties of C. micranthum, justifying its

traditional use in the treatment of various diseases.

Keywords: Stem cell research, systems biology, Physiology, Developmental

biology, Cell biology

1. Introduction

The kidneys are in charge for many essential physiological functions such as filtra-

tion and removal of metabolites and toxic wastes from the body, regulation of the

internal fluid environment to sustain proper fluid volume and tonicity, pH balance,

electrolyte composition and essential endocrine functions [1, 2, 3]. As main emunc-

tory, the kidney is potentially exposed to many aggressions [4]. In chronic kidney

disease (CKD) there is a progressive knock down of functional units of the kidney.

Moreover, multiple underlying pathophysiological mechanisms leads to chronic

renal failure [4]. Several factors such as diabetes mellitus [5], hypertension [6], drugs

[7], obesity [8], chronic infection [9], sickle cell anaemia [10], smoking [11], envi-

ronmental toxins [12] and advanced age [13] are involved in the initiation and pro-

gression of CKD. Approximately more than three people become diabetic once

every 10 seconds or almost ten million new cases reported per year [14, 15]. Dia-

betes is the fourth leading cause of death globally and every 1 minute 6 persons

die from the complications of diabetes include nephropathy [16, 17]. Diabetic ne-

phropathy (DN) is the leading cause of CKD and end stage chronic kidney disease

(ESCKD) [18, 19]. DN is the main cause of end stage renal disease, which results in

high mortality [20, 21]. It has been estimated that DN occurs in up to 40% of patients

with diabetes [14, 18] and contributing to approximately 45% of new cases of

ESCKD [15]. Previous report suggests that 43% of the chronic renal failure patients

on dialysis have diabetic nephropathy, 60% death cases of diabetic mellitus patients

are due to DN and death case of diabetic mellitus patients due to renal failure are 17

times more as compared to non-diabetic mellitus patients [22]. The prevalence rate
on.2019.e01365

ors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

censes/by-nc-nd/4.0/).

https://doi.org/10.1016/j.heliyon.2019.e01365
http://creativecommons.org/licenses/by-nc-nd/4.0/


3 https://doi.org/10.1016/j.heliy

2405-8440/� 2019 The Auth

(http://creativecommons.org/li

Article Nowe01365
of CKD is increasing and has a profound impact on human health [23]. CKD has

become a serious public health problem worldwide [24]. It affects about 10% of

the global adult population and more than 30% of people over 70 years of age

[13]. Annual global increase of the prevalence of CKD (8%e16%) is alarming

and higher than the general population growth [25]. The ESCKD has a major impact

on survival, quality of life, and the cost of health [13]. Management of chronic renal

failure is extremely expensive [26]. Health insurance estimated its cost in France in

2007 to be more than 4 billion euros for 61,000 treated patients, which were splinted

into about 77% for haemodialysis, 5% for treatment under peritoneal dialysis and 18

% for kidney transplantation [26]. However, access to transplantation remains diffi-

cult due to transplant shortage and complications that occur after transplantation

[27]. In view of these observations, only pharmacological treatment would be ideal.

Despite encouraging experimental progress, evidence for the efficacy of potentially

nephroprotective molecules in a clinical context is currently lacking [28]. The need

to have potential molecules in nephrology is enormous and urgent [13, 28]. Preser-

ving kidney function and improving the transition from chronic kidney disease to the

terminal stage is therefore a challenge for nephrology [13]. Indeed, the pathophysi-

ology of nephropathies is currently well characterized. It goes through oxidative

stress, inflammation and apoptosis [29, 30]. Many molecules have been recently

tested in order to slow and stabilize CKD without any of them being retained as a

new therapeutic strategy [28, 31]. Despite recent interest in molecular modelling,

combinatorial chemistry and other synthetic chemistry techniques by pharmaceutical

companies, natural products and especially medicinal plants remain an important

source of new medicines [32, 33]. The use of herbal medicines to prevent the genesis

and complications of nephropathies offers new alternatives since synthetic mole-

cules pose problems [34]. It is therefore essential to identify natural molecules to

counter the progression of nephropathies. Nowadays, much of attention has been

given to the use of phytochemicals as a protective strategy against nephrotoxicity

[35]. Many researchers have reported that biomolecules, such as phenolic com-

pounds, were efficient in inhibiting reactive oxygen species induced organ pathol-

ogies [36]. Furthermore, there is an increasing preference for natural antioxidant

rather than synthetic molecules because of the safety of the natural sources [36].

Plants are known to provide a source of inspiration for novel drug compounds

and this is sequel to the fact that medicines derived from plants have made large con-

tributions to human health and well-being [37]. Many herbal medicines are known to

have various types of polyphenolic compounds and may be quite safe and effective

in reducing nephrotoxic effects [38, 39]. Plants may offer new alternatives to the

limited therapeutic options currently available in the treatment of CKD [34]. A major

turning point has been shown in particular by demonstrating the nephroprotective

character of flavonoids [39]. They possess a remarkable spectrum of pharmacolog-

ical activities with nephroprotective potential due to their antioxidant, anti-

inflammatory and anti-apoptotic activities [39]. Combretum micranthum (CM) is
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widely used in traditional medicine throughout West Africa [40]. However, there has

been no available literature focused on its nephroprotective effects. To develop a

nephroprotective phytomedicine, the present preliminary study was undertaken to

carryout the literature review on the phytopharmacological studies of CM and to

evaluate its in vitro and ex-vivo antioxidant and nephroprotective activities. Further,

the effect of CM in glucose-induced toxicity was studied in human embryonic kid-

ney (HEK-229) cells as an in vitro model for diabetic nephropathy.
2. Material and methods

2.1. Drugs and chemicals

2,20- azobis (2-amidinopropane) (AAPH), 1, 1-diphenyl-2-picryl hydrazyl hydrate

(DPPH), malonedialdehyde (MDA), gallic acid, ascorbic acid, rutin, quercetin,

methyl-2-phenylindole, iron chloride, 2,6-di-tert-butyl 4-methylphenol, 5,5-

dithiobis-2-nitrobenzoic acid, nitric oxide, sulfanilamide, naphthylethylenediamine,

phosphoric acid, sodium nitrite, 1-diphenyl-2-picrylhydrazyl, Bradford reagent,

bovine serum albumin (BSA), polyvinylpolypyrrolidone, Folin Ciocalteu reagent,

aluminium chloride, acetate Sodium were purchased from Sigma-Aldrich (St. Louis,

MO, USA). All other unlabelled chemicals and reagents were of analytical grade and

available commercially.
2.2. Plant materials and extraction

Fresh leaves of Combretum micranthum were collected in December 2016 from

Alibi I, a locality at North West of Tchamba (Togo). Botanical authentication was

confirmed at the Laboratory of Botany and Plant Ecology of the Faculty of Science,

University of Lom�e, Togo and the voucher specimen was deposited at the herbarium

(N� TOGO151085). The leaves were washed, dried under shade and were coarsely

powdered. The powder (830 g) was macerated in 5 L of ethanol-water (8:2; v/v) at

room temperature for 72 h. The filtrate was evaporated under vacuum at 45 �C by a

rotary evaporator (Rotavapor Buchi R100) with 12.15% w/w yield and designed as

CM extract. Distilled water was used to solubilize the extract.
2.3. Animals

Male Albino Wistar rats of 6e8 weeks weighing 200e250 g were procured from the

Nigerian Institute of Medical Research, Lagos, Nigeria. Rats were housed in stan-

dard polypropylene cages and maintained under standard laboratory conditions

(temperature 24 � 1 �C, relative humidity 55 � 5%, and 12 h light/dark cycle).

They were acclimatized for two weeks before the study and fed with normal pellet

diet and water ad libitum. Experimental protocols were based on World Health Or-

ganization Guidelines for care and use of laboratory animals. The use of the animals
on.2019.e01365
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was approved by the Ethics Committee of the University of Lom�e, a branch of the

National Ethics Committee for control and supervision of experiments on animals

(N� SBM/UL/14/NS0004).
2.4. Reported ethnobotanical, pharmacological and
phytochemical analysis of C. micranthum

Systematic literature search was done according to the method used previously [41].

Chemical constituents isolated and identified from C. micranthum, pharmacological

activities exhibited by the isolated compounds and crude plant extracts were

searched across Medline (National Library of Medicine), Science Direct databases,

web of science, PubMed, Google Scholar. The data were updated on April 2018, us-

ing the search terms C. micranthum, chemical constituents, biological activities,

pharmacological activities or properties of C. micranthum as keywords. In addition,

the reference lists of all papers identified were thoroughly reviewed.
2.5. Determination of total phenolics, tannins and flavonoids
compounds

Total polyphenols, tannins and flavonoids were determined by FolineCiocalteu pro-

cedure [42].
2.5.1. Determination of total polyphenol contents

To 500 mL of CM extracts (1 mg/mL) was added 250 mL of FolineCiocalteu reagent

and 1.25 mL 20% aqueous sodium carbonate solution; tubes were vortexed and

absorbance of blue coloured mixtures was recorded after 40 min at 725 nm against

a blank containing 500 mL of extraction solvent. The amount of total polyphenols

was calculated as a gallic acid equivalent from the calibration curve of gallic acid

standard solutions (5 and 200 mg/mL), and expressed as mg gallic acid/100 g dry

plant material. All measurements were done in triplicate.
2.5.2. Determination of tannins

Total tannin content was determined by FolineCiocalteu procedure as above, after

removal of tannins by their adsorption on insoluble matrix (polyvinylpolypyrroli-

done, PVPP). Insoluble, cross-linked PVPP (Kollidon CL, BASF, Germany; 100

mg) was weighed into test tubes and 500 mL of CM extracts dissolve in distilled wa-

ter (1 mg/mL) was added. After 15 min incubation at 4 �C, tubes were vortexed and

centrifuged at 4350 g for 10 min. Aliquots of supernatant (200 mL) were transferred

into test tubes and non-absorbed phenolics determined as described above. Calcu-

lated values were subtracted from total polyphenol contents and total tannin contents
on.2019.e01365
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were expressed as mg gallic acid/100 g dry plant material. All measurements were

done in triplicate [42].
2.5.3. Determination of flavonoids

To 2 mL of CM extracts dissolve in distilled water (1 mg/mL), 5 mL of AlCl3 reagent

(13 mg crystalline aluminium chloride and 40 mg crystalline sodium acetate were

dissolved in 10 mL of extracting solvent) was added and absorbance was recorded

at 430 nm against a blank (2 mL of analyzed solution plus 5 mL of water). The

amount of flavonoids was calculated as a rutin equivalent from the calibration curve

of rutin standard solutions, and expressed as mg rutin/100 g of plant material.
2.6. Fourier transform infra-red spectroscopy

The dry extract of CM is mixed with anhydrous KBr (98 mg). The resulting powder

was subjected to a high pressure (10000 psi) using a press to obtain a tablet. The IR

spectra of the different products was recorded, using KBr pellets, with a Fourier

Transform Apparatus (FTIR) type Perkin Elmer Spectrum Bx (application software:

Spectra Manager).
2.7. In vitro steady-state antioxidant studies

2.7.1. Determination of DPPH (1, 1-diphenyl-2-picryl hydrazyl)
radical scavenging activity

The free radical scavenging activity of CM was measured by DPPH, following the

method of [43, 44]. Equal volume of 100 mM DPPH in methanol was added to

different concentration of extract or standards (ascorbic acid and quercetin)

(5e200 mg/ml) in methanol, mixed well and kept in dark for 30 min. Then the absor-

bance was measured at 517 nm with a spectrophotometer (UV-1601 Shimadzu,

Japan). The percent DPPH scavenging effect was calculated using the following

equation:

DPPH-scavenging effect (%) ¼ [(A0 � At/A0) � 100]

where A0 was the absorbance of the control reaction, and At was the absorbance in the
presence of the standard sample or extract.
2.7.2. Reducing power assay

Different concentrations of CM (5e200 mg/mL) or standards (ascorbic acid, Quer-

cetin and BHT) in distilled water (1 mL) was mixed with phosphate buffer (2.5

mL, 0.2 mM, pH 6.6) and potassium ferricyanide [K3Fe(CN)6] (2.5 mL, 1%) and

the mixture was incubated at 50 �C for 20 minutes. A volume of 2.5 mL of trichloro-

acetic acid (10%) was added to the mixture, which was then centrifuged at 3 000 r/
on.2019.e01365
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min for 10 min. The upper layer of the solution (2.5 mL) was mixed with distilled

water (2.5 mL) and FeCl3 (0.5 mL, 0.1%), and the absorbance was measured at

700 nm with a spectrophotometer (UV-1601 Shimadzu, Japan) [43, 45]. Reducing

power was calculated as following:

Reducing power effect (%) ¼ [(A0 � At / A0) � 100]

where A0 was the absorbance of the control reaction, and At was the absorbance in
the presence of the standard sample or extract
2.7.3. Nitric oxide radical scavenging assay

The procedure is based on the Greiss reaction [43]. Sodium nitroprusside spontane-

ously generates nitric oxide at physiological pH in aqueous solution, which interacts

with oxygen to produce nitrite ions that can be estimated using the Greiss reagent

[45]. Scavengers of nitric oxide compete with oxygen leading to reduced production

of nitrite ions. Sodium nitroprusside (10 mM) in phosphate-buffered saline (300 mL)

was mixed with 300 mL of CM (1 mg/mL) dissolved in methanol and then incubated

at room temperature for 150 min. In the same way, a control reaction mixture was

prepared without CM, but with an equivalent amount of methanol. After the incuba-

tion period, 500 mL of Greiss reagent (1% sulphanilamide, 2% H3PO4, and 0.1% N-

(1-naphthyl) ethylenediamine dihydrochloride) was added to the mixture. The absor-

bance of the chromophore formed during the diazotization of nitrite with sulphani-

lamide and subsequent coupling with naphthyl ethylenediamine was measured at

546 nm. Standard solutions of ascorbic acid, Quercetin or BHT treated in the

same way as tests with Greiss reagent served as positive control. The percentage

of inhibition was calculated by using the following formula:

% Inhibition ¼ [(A0 � At / A0) � 100]

where, A0 was the absorbance of the control (without extract) and At was the absor-
bance in the presence of the extract or standard.
2.7.4. Hydrogen peroxide scavenging activity

The hydrogen peroxide (H2O2) scavenging assay was carried out following the pro-

cedure of [43]. A solution of hydrogen peroxide (2 mM) was prepared in phosphate

buffer (pH 7.4). CM sample solutions at various concentrations (5e200 mg/mL) was

added to the H2O2 solutions (0.6 mL) and the absorbance of H2O2 at 230 nm was

determined after 10 min against a blank solution containing phosphate buffer

without H2O2. The percentage inhibition was calculated using the following for-

mula:

% Inhibition ¼ [(A0 � At / A0) � 100]

where, A0 was the absorbance of the control (without extract) and At was the absor-
bance in the presence of the extract or standard (ascorbic acid or quercetin).
on.2019.e01365
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2.7.5. Metal chelating activity

The chelating of ferrous ions by CM was measured following the method of [43].

The reaction mixture contained different concentrations of CM (5e200 mg/mL) or

standard (EDTA) and 0.05 mL of FeCl2 (2 mM) solution. Then the reaction was

initiated by the addition of 5 mM ferrozine (0.2 mL). The reaction mixture was

shaken vigorously and allowed to stand at room temperature for 10 minutes. The

absorbance of the solution was then measured at 562 nm. The percentage inhibition

of ferrozine-ferrous complex formation was calculated using the following formula:

Metal chelating activity (%) ¼ [(A0 � At / A0) � 100]

where, A0 was the absorbance of the control (without extract), and At was the absor-
bance in the presence of the extract or standard.
2.8. Ex-vivo antioxidant and nephroprotection studies

2.8.1. Inhibition of AAPH induced haemolysis in rat RBCs

Rats were anaesthetised with ether and blood (5e7 ml/rat) obtained was collected

from the sinus orbital into heparinized tubes. Erythrocytes were separated from

plasma and the buffy coat, and were washed three times with 5 volumes of

phosphate-buffered saline (PBS). During the last wash, the erythrocytes were centri-

fuged at 3000 rpm for 10 min to obtain a packed cell preparation. The packed eryth-

rocytes were then suspended in 4 volumes of PBS solution. In the present study, the

method described by [46] was used to determine erythrocyte haemolysis mediated

by AAPH. Erythrocyte suspension (2 mL) was mixed with 2 ml of PBS solution con-

taining varying amounts of CM or standard compounds like quercetin and ascorbic

acid (5e200 mg/mL). Then 2 mL of 200 mM AAPH in PBS was added to the

mixture. The reaction mixture was shaken gently while being incubated at 37 �C
for 3 h. After incubation, the reaction mixture was diluted with 8 volumes of PBS

and was centrifuged at 3000 rpm for 5 min. The absorbance of the supernatant frac-

tion was recorded at 540 nm with a DU 640 spectrophotometer (Beckman Instru-

ments, Fullerton, CA). The percentage of inhibition was calculated by the

following equation:

% Inhibition ¼ [(A0 � At / A0) � 100]

where, A0 was the absorbance of the control (without extract), and At was the absor-
bance in the presence of the extract or standard.
2.8.2. FeCl2-ascorbic acid stimulated lipid peroxidation in kidney
homogenate

The anti-lipid peroxidation effect of CM was studied following the method [46]. The

kidney tissues were quickly removed from sacrificed rats. A 2 g of kidney tissue was
on.2019.e01365
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sliced and then homogenized with 10 ml of 150 mM KCl Tris-HCl buffer (pH 7.4).

The reaction mixture was composed of 250 mL of kidney homogenate, 100 mL of

Tris-HCl buffer (pH 7.4), 50 mL of 0.1 mM ascorbic acid, 50 mL of 4 mM FeCl2
and 50 mL of various concentrations of CM or standard. The mixture was incubated

at 37 �C for 1 h in capped tubes. Malonedialdehyde (MDA) concentration was esti-

mated as previously described [47, 48]. MDA levels, as marker of lipid peroxidation,

was analyzed by a colorimetric assay based on the reaction of MDA with a chromo-

genic reagent to yield a stable chromophore with maximal absorbance at 586 nm.

Briefly, 650 mL of 10.3 mM 1-methyl-2-phenyl-indole in acetonitrile diluted with

methanol containing 32 mM FeCl3 (3:1) was added to 250 mL of each sample and

the mixture was vortexed. After adding 150 mL of 37% (v/v) HCl, samples were

mixed well, closed with a tight stopper and incubated at 45 �C for one hour. The

samples were then cooled, centrifuged at 4000 g for 10 min, and the absorbance

was measured spectrophotometrically at 586 nm. A standard curve comprised of

1,1,3,3-tetra-methoxypropane was also run for the quantitation of MDA.
2.8.3. Determination of total protein content in renal tissue

The protein content of the experimental samples was measured by the method of

Bradford using crystalline serum bovine albumin (BSA) as a standard [49]. To 15

mL of the homogenate or BSA (1 mg/mL), 750 mL of the Bradford reagent was

added. The absorbance was read 5 min later at 595 nm.
2.9. Combretum micranthum extract’s effect on glucose induced
cytotoxicity in human embryonic kidney (HEK-293) cells

HEK-293 embryonic kidney epithelial cells were cultivated in DMEM supple-

mented with 10% heat-inactivated fetal bovine serum in a CO2 incubator (5% CO2

in air) at 37 �C. The cells with 70e80% confluency were trypsinized and sufficient

media added to inactivate the trypsin activity. The cells were centrifuged at 1200 rpm

for 5 min, supernatant was discarded and resuspended the pellet in media prior to

counting on a haemocytometer by Trypan blue exclusion method. For cell growth

studies, 5,000 cells/well seeded in a 96-well plate. Post 24 h of cells seeding, cells

were exposed to normal (25 mM) or high glucose (100 mM) or high glucose and

CM extract (5, 10, 25, 50, 100 and 200 mg/mL) for 72 h. Post 72 h drug treatment,

cell viability and cell morphological analysis were executed [50].
2.9.1. Cell viability assay

Cell viability was measured using 3-(4, 5-dimethylthiazol-2-yl)-2,5-diphenyl tetra-

zolium bromide (MTT) bioassay, which provides a sensitive measurement of the

normal metabolic status of cells, particularly that of mitochondria, which reflects
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the early cellular redox changes. Post-extract treatment (after 72 h), MTT solution (5

mg/ml) was added and incubated for 3 h. The dark-blue formazan crystals formed in

the wells dissolved in DMSO and the absorbance was measured at 570 nm with a

microtiter plate reader (Varioskan� Flash, Thermo Scientific).
2.9.2. Cell morphological assessment

Morphological changes in HEK-293 cells were assessed post-exposure to cells

exposed to normal glucose (25 mM) or high glucose (100 mM) or high glucose

and CM extract (5e200 mg/mL) for 72 h) at 37 �C. Cells were observed under a com-

pound microscope.
2.10. Statistical analysis

All the values are expressed as mean � SEM (n ¼ 3 replicates). Statistical analysis

was performed with Graph Pad Prism 7 software (San Diego, CA, USA) using one-

way analysis of variance (ANOVA) followed by Tukey’s and Dunnett’s test as a

post hoc analysis. The value of p < 0.05 was considered to be statistically

significant.
3. Results

3.1. Systematic literature search report about ethnobotanical,
pharmacological and phytochemical analysis of C. micranthum

The phytochemicals analysis of C. micranthum reveals many compounds with vary-

ing structural frames. These compounds are classified into terpenoids, flavonoids, al-

kaloids and steroids (Table 1). Further, the literature survey of ethnobotanical/

biological activities of C. micranthum, has revealed many biological activities tabu-

lated in Table 2.
3.2. Determination of total phenolic, tannins and flavonoids
compounds

The amount of total phenolic, tannins and flavonoids present in the CM extract was

respectively 154.27 � 3.31 mg, 21.88 � 0.01 mg, 333.23 � 5.02 mg expressed as

gallic acid or rutin equivalents per 100 g of extract respectively (Table 3).
3.3. Infra-red analysis

The analysis of the vibration frequencies of the bonds obtained from the infra-red

spectra of the extract showed that the plant extract has a phenolic nucleus (3500-

3300 cm �1 and 1300-1000 cm �1), carbonyl functions (1715e1690 cm�1), C-O
on.2019.e01365
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Table 1. Reported phytochemical compounds of Combretum micranthum.

Compound name Classes Reference

Gallic acid [62, 70]

Combretine [69]

Rutin trihydrate [70]

Benzoic acid [70]

(þ)-Catechin [62, 70]

Vitexin [62, 80]

Isovitexin [62, 80]

Orientin Flavonoids [62, 80]

Homoorientin [62, 80]

Myricetin-3-O-glycoside [62]

(-)-Epigallocatechin: [62]

(-)-Epicatechin [62]

(-)-30,40,50,5,7-pentahydroxyf lavan [62]

(-)-30,40,5,7-tetrahydroxyf lavan [62]

200-O-galloylvitexin [62]

200-O-galloylisovitexin [62]

200-O-galloylorientin [62]

200-O-galloylhomoorientin [62]

a-Tocopherol [69, 81]

a -Tocopherol derivative [69, 81]

Monoterpene [69]

Lupeol [69]

a -amyrin [69, 81]

Palmitic acid Acid Gras [69]

Oleic acid [81]

Linolenic acid [81]

b-Sitosterol [81]

Sorbitol [81]

Inositol Sterols [81]

b-sitosterol [81]

Choline [81]

Kink�eloid A1 [81]

Kink�eloid A2 [81]

Kink�eloid B1 [81]

Kink�eloid B2 [81]

Kink�eloid C1 [81]

Kink�eloid C2 Alkaloids [81]

Kink�eloid D1 [81]

(continued on next page)
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Table 1. (Continued )
Compound name Classes Reference

Kink�eloid D2 [81]

Botulin [69]

Stachydrine [81]

4-Hydroxyproline betaine [81, 82]

Betaine [81]

Table 2. Reported biological activities of Combretum micranthum.

Biological activity Reference

Antimalarial [ 83, 84, 85, 86]

Antiviral [ 87, 88, 89, 90]

anti-inflammatory [ 81, 91]

wound healing [92]

Antioxidant [70, 81, 93, 94, 95]

antibacterial [ 90, 93, 96, 97, 98]

Neuroprotective [ 99, 100]

Antihyperglycaemic [ 81, 101]

Anti-diabetic [62, 95, 102, 103]

Antiradical [70]

Antifungal [90]

Anti-trypanosomal [104]

Anti-Ebola [108] [105]

Anti-Obesity [109] hypotensive [40, 110] [40, 106, 107]

Table 3. Total phenols, flavonoids and tannins content of Combretum micran-

thum extract.

Tests Amount in extract

Total phenols (mg gallic acid/100 g of
extract)

154.27 � 3.31

Flavonoids (mg Rutin/100 g of extract) 333.23 � 5.02

Tannins (mg gallic acid/100 g of extract) 21.88 � 0.01
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function of ethers (1150-1020 cm-1), alcohol functions (OH) and aromatic unsatura-

tions C¼C (1500e1450 cm�1) (Fig. 1). This IR spectrum showed that CM extract

contains significant amounts of phenolic compounds that can be quantified by stan-

dard methods.
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Fig. 1. FT-IR spectra of Combretum micranthum extract (CM).

Table 4. In vitro study-s
H2O2, NO, AAPH radic

Descriptions
(5e200 mg/mL)

IC50 (mg

DPPH
radical

Extract (CM) 2.49 � 0

Quercetin 5.80 � 0

Ascorbic Acid 0.02 � 0

EDTA

BHT

IC50 (mg/mL) represented as m

13 https://doi.org/10.1016/j.heliy

2405-8440/� 2019 The Auth

(http://creativecommons.org/li

Article Nowe01365
3.4. In-vitro steady-state antioxidant activity

3.4.1. Determination of DPPH (1, 1-diphenyl-2-picryl hydrazyl)
radical scavenging activity

In this present study, quercetin and ascorbic acid were used as standard radical scav-

engers. The percent of DPPH scavenging effect were found to be 87.16 � 0.58%

(CM extract), 78.55 � 0.78% (Quercetin) and 96.33 � 0.53% (Ascorbic acid) at

the concentration of 25 mg/mL. The IC50 values of the extract, quercetin, and ascor-

bic acid were calculated using the equation obtained from linear regression analysis

and were 2.49 � 0.53, 5.80 � 0.42 and 0.02 � 0.33 mg/mL, respectively (Table 4).
tate antioxidant activities of Combretum micranthum extract (CM) against DPPH,

als, Metal chelating and reducing power.

/mL)

Metal chelating
activity

Reducing
power

H2O2

scavenging
NO scavenging AAPH

scavenging

.53 10.60 � 0.22 2.50 � 0.47 10.80 � 0.42 36.48 � 0.33 57.00 � 0.13

.42 e 2.60 � 0.38 10.00 � 0.63 9.80 � 0.41 25.30 � 0.18

.33 e 2.40 � 0.54 44.20 � 0.13 10.41 � 0.23 50.70 � 0.26

e 10.00 � 0.34 e e e e

e e e 2.50 � 0.16 e

ean � SEM, n ¼ 3.
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3.4.2. Reducing power assay

The reducing power of CM extract compared to quercetin, ascorbic acid, and BHT is

shown in (Table 4).
3.4.3. Assay of nitric oxide scavenging activity

The scavenging of nitric oxide by CM extract was evaluated by observing the

reduction of linear time-dependent nitrite production in the sodium

nitroprusside-PBS system. The results showed the scavenging of nitric oxide

by CM extract and the standard compounds quercetin and ascorbic acid. The in-

hibition of nitric oxide by CM extract, quercetin and ascorbic acid was calculated

as 60.59 � 0.17%, 96.26 � 0.73% and 76.24 � 0.08% at a concentration of 50

mg/mL, respectively. The IC50 values of the extract, Quercetin, and Ascorbic

acid were calculated using the equation obtained from linear regression analysis

and were found to be 36.48 � 0.33; 9.80 � 0.41 and 10.41 � 0.23 mg/mL,

respectively (Table 4).
3.4.4. Hydrogen peroxide scavenging activity

The ability of CM extract at different concentrations (5e200 mg/mL) to scavenge

H2O2 was evaluated. CM showed good H2O2 scavenging ability when compared

to the standard compound quercetin, and ascorbic acid. The percentage inhibition

of nitric oxide by CM extract and standard compound quercetin and ascorbic acid

was calculated as 74.03 � 0.12%, 75.92 � 0.31% and 56.21 � 0.28% at a concen-

tration of 25 mg/mL, respectively. The IC50 values of the extract, Quercetin, and As-

corbic acid were calculated using the equation obtained from linear regression

analysis and were found to be 10.80 � 0.42; 10.00 � 0.63 and 44.20 � 0.13 mg/

mL, respectively (Table 4).
3.4.5. Metal chelating activity

The formation of ferrous complex with ferrozine reagent was interfered by both CM

extract and the standard compound (EDTA). The results illustrated the chelating ac-

tivity of CM and EDTA in terms of percentage of metal chelating activity with

increasing concentration (5e200 mg/mL). From these results, it was evident that

the metal chelating activity of CM extract was concentration-dependent. The IC50

values calculated using the equation obtained from linear regression analysis and

were found to be 10.60 � 0.22 mg/mL for the extract (CM) and 10.00 � 0.34 mg/

mL for EDTA (Table 4).
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3.5. Ex-vivo antioxidant and nephroprotection studies

3.5.1. Inhibition of AAPH induced haemolysis in rat red blood
cells (RBCs)

The influence of the CM extract on erythrocyte haemolysis was examined by incu-

bating rat erythrocytes in the presence of 200 mM AAPH as an initiator of oxidation.

In the absence of AAPH, RBCs were stable and the haemolysis was negligible.

When aqueous suspension of RBCs was incubated with AAPH, about 80 % of hae-

molysis was observed. The CM extract provided a strong inhibitory effect against

erythrocyte haemolysis (Table 4). All the tested compounds inhibited AAPH-

induced RBCs haemolysis in a dose-dependent manner (5e200 mg/mL). The percent

of haemolysis in RBCs incubated with CM (5e200 mg/mL) in the absence of AAPH

was almost identical to that of control sample indicating CM itself could not induce

haemolysis. The IC50 value of CM extract, quercetin, and ascorbic acid was 57.00�
0.13; 25.30 � 0.18 and 50.70 � 0.26 mg/mL, respectively (Table 4).
3.5.2. Combretum micranthum extract’s effect on FeCl2-ascorbic
acid-induced lipid peroxidation on kidney homogenate

Incubation of rats’ Kidney homogenate with FeCl2-ascobic acid resulted in a signifi-

cant (P < 0.001) increase in kidney MDA content as represented in Fig. 2. However,

the CM and quercetin were able to significantly (P < 0.001) lower the kidney MDA

content in a dose-dependent manner in the concentration range of 5e200 mg/mL
3.6. Combretum micranthum extract’s effect on glucose induced
cytotoxicity in human embryonic kidney (HEK-293) cells

The effect of CM extract on high glucose induced cytotoxicity was examined using

the MTT assay. After the initial 24-h attachment period, cells were treated with
Fig. 2. Effects of Combretum micranthum extract (CM) on FeCl2-ascorbic acid-induced lipid peroxida-

tion on kidney homogenate. Data are expressed as mean � SEM (n ¼ 5). one-way ANOVA followed by

Tukey’s multiple comparisons test. Compared to FeCl2-ascorbic acid group: ***P < 0.001; Compared to

Quercetin group: ###P < 0.001.
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various concentrations of CM extract (5, 10, 25, 50, 100 and 200 mg/mL) for 72 h in

the presence of normal (25 mM) or high glucose (100 mM). No change in cell

viability was observed in the cells treated with CM alone (Fig. 3). Exposure of cells

to high glucose (100 mM) for 72 h significantly reduced the cell viability resulting in

morphological changes such as cell shrinkage, rounded cell shape and cytoplasmic

vacuolation (Fig. 4). Treatment with CM extract at concentrations of 10 and 25 mg/

mL resulted in significant improvement in cell viability from 10 to 23% compared to

the high glucose control. However, the cytoprotective effect of CM extract was not

retained at higher concentrations (>50 mg/mL) in the presence of high glucose. The

EC50 of CM was found to be 140.7 mg/mL (Table 5).
4. Discussion

The search for natural medicines from plants with antioxidant activities has become

a concern in nephrology [51, 52]. The nephroprotective activities of molecules iso-

lated from natural products represent an exciting advance in the search for efficient

nephroprotective, because of the urgent need for new and innovative molecules [53,

54]. A major turning point was, in particular, the demonstration of the nephroprotec-

tive character of polyphenols including flavonoids [39, 54]. Flavonoids as nephro-

tropic molecules can be explored to obtain a real potential source as drug

candidates against kidney diseases. They have a remarkable spectrum of pharmaco-

logical activities, including antioxidant properties [55, 56, 57], anti-inflammatories

[55, 56] and anti-apoptotic [58] explaining their nephroprotective potential. The

phytochemical study of CM extract as performed by the FT-IR spectra has given

many characteristic functional groups with various structural skeletons such as:

amino acids, hydroxyl compounds, ethers, carbonyl compounds, carboxylic acid,

aldehyde, ketone, amide [59, 60]. These characteristic functional groups correspond
Fig. 3. Effect of various concentration of Combretum micranthum extract (CM) on cell viability in HEK-

293 cells.
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Fig. 4. Microsocpic image of HEK-293 cells treated with glucose alone or in combination of different

concentration of Combretum micranthum extract (CM).
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to polyphenols, flavonoids, tannins, saponins, terpenoids, alkaloids, polysaccharides

and steroids [59, 60, 61]. More than thirteen different polyphenolic compounds were

identificated in CM extract by HPLC methods [62]. Quantitative tests yield as total

polyphenol contents (154.27 � 3, 31 mg AG/100 g), flavonoids (333.23 � 5.02 mg

R/100 g) and tannins (21.88 � 0.01 mg AG/100g), all confirming the effective pres-

ence of flavonoids, potentially nephroprotective [54] in CM extract. One of the main

goals of drug discovery is to identify molecules with antioxidant activity, which is

often done through in vitro evaluation before in vivo confirmation. There are

currently a multitude of methods for evaluating the antioxidant activity of plant sam-

ples (approximately 19 in vitro and 10 in vivo methods) [63]. Among these in vitro

models for evaluating the antioxidant potential, mention may be made in particular

of DPPH, superoxide, hydrogen peroxide, AAPH, hydroxyl radicals and the nitric

oxide radical. The antioxidant capacity of the CM extract was measured spectropho-

tometrically using these models. The CM extract clearly showed strong antioxidant

activity by scavenging free radicals. In addition, erythrocytes are fragile cells and are

very susceptible to free radical-induced cell membrane damage by lipid peroxidation

leading to hemolysis [64]. AAPH is well known for generating peroxyl radicals by

decomposition at 37 �C and with a half-life of approximately 175 h. Therefore, the
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Table 5. Effect of Combretum micranthum extract (CM) on Glucose induced

toxicity in HEK-293 cells.

Treatment Concentration % Cell Viability Improvement of
% Cell Viability

EC50

(mg/mL)

Control Glucose (mM) 25 100 � 0.0 e e

Glucose (mM) 100 42 � 2.6### e e

CM Extract (mg/mL)
with Glucose (100 mM)

5 52 � 1.5 10 140.7
10 62 � 7.6* 20
25 65 � 3.5* 23
50 60 � 6.4 18
100 52 � 8.7 10
200 40 � 5.7 -2

Percentage cell viability (%) represented as, Mean � SEM, n ¼ 3.
###P < 0.001, One-way ANOVA followed by Dunnett’s test compared with Control.
*P < 0.05, One-way ANOVA followed by Dunnett’s test compared with cisplatin treated.
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AAPH/Erythrocyte model is an excellent model for antioxidant research [64]. In this

study, CM extract significantly inhibited AAPH-induced oxidative hemolysis as

well as quercetin and ascorbic acid and also exhibits effective scavenging activities

against DPPH, superoxide, hydrogen peroxide and nitric oxide radicals. Our results

showed also that CM extract has potent metal chelation activity just like the standard

compound (EDTA). Thus, the CM extract affect the formation of free radicals and

their damage process. This is further evident by the protection shown by the CM

extract in lipid peroxidation induced by FeCl2-ascorbic acid on the kidney homog-

enate. Most nephrotoxic chemicals, including cisplatin and gentamicin, damage the

kidneys by inducing directly or indirectly lipid peroxidation. Ex vivo lipid peroxida-

tion in the kidney homogenate can be carried out in a non-enzymatic manner. The

process is induced by ascorbate in the presence of Fe2þ/Fe3þ, by generating hydrox-

yl radicals (ROS, eg H2O2, HO
�, O2) [46, 65]. According to our results, CM extract

inhibits FeCl2-ascorbic acid stimulated lipid peroxidation in kidney homogenate by

decreasing significantly MDA formation. Kidney cells derived from human embry-

onic kidney cells (HEK-293) in tissue culture are an excellent model for the study of

kidney cells [50]. In fact, apoptosis of the mesangial, epithelial and tubular cells of

the kidneys has been demonstrated in cell cultures in the presence of high glucose

concentrations [66]. In this study, the role of CM in glucose-induced cytotoxicity

was studied in HEK-293 cells as an in vitro model of diabetic nephropathy. Our re-

sults showed that incubation of CM alone with HEK-293 cells did not affect cell

viability. The viability of HEK-293 cells was significantly reduced after 72 hours

of incubation with 100 mM glucose in the culture medium. High glucose concentra-

tion has been a major factor in the initiation and progression of renal complications

of diabetes. There is evidence to explain the role of hyperglycemia in the production

of free radicals responsible for oxidative stress [21, 67]. Exposure of HEK-293 cells

to high glucose (100 mM) significantly decreased the viability and was associated

with morphological changes. Incubation of high glucose and lower concentration
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of CM (10 and 25 mg/mL) exhibited significantly improvement in cell viability.

Whereas higher concentrations of CM extract (>50 mg/mL) in presence of high

glucose concentration exhibited gradual increase in cell death. This effect suggested

that CM extract possess biphasic response. It is a well known fact that the pharma-

cological responses are concentration dependent. For example, ascorbic acid ex-

hibited antioxidant or protection at lower concentrations in presence of inducer,

whereas at higher concentrations in presence of inducers act as pro-oxidant or

damager. Therefore, the optimum protection concentration of CM extract was found

to be 10 mg/mL. Hyperglycemia-induced cell death involves several steps, starting

with the activation of key enzymes in the polyol pathway that can be linked to

glucose transporters at the cell membrane level. Glucose-mediated polyol and hexos-

amine pathways may be related to the production of free radicals, and certainly

contribute to the overall oxidative burden [68]. It is well established that ROS and

RNS can alter the mitochondrial membrane and eventually cause apoptotic cell death

[67]. In addition, our experimental results demonstrate that the CM extract has anti-

free radical activity by inhibiting reactive species of oxygen and nitrogen. All these

results confirm antioxidant activity of C. micranthum and its probable nephroprotec-

tive potential. In this study, the chemical constituents isolated and identified from

C. micranthum, pharmacological activities exhibited by the isolated compounds

and the crude plant extracts were searched across Medline, Science Direct databases,

web of science, PubMed and Google Scholar. Many authors had proved the presence

of phenols (flavonoids and tannins) [62, 69, 70]. Our results corroborate these pre-

vious findings. In West Africa, particularly in Togo several plants are used in the

traditional medicine including C. micranthum. An ethnobotanical survey [71] re-

ported that C. micranthum is also used in Burkina Faso in the treatment of renal dis-

orders. The current study showed that CM extract exhibited a considerable lipid

peroxidation inhibiting activity in kidney tissue homogenate. Although many plants

have shown antioxidant potential in vitro, only a few have been confirmed in vivo.

The relevance of the results of these tests in in vivo systems is sometimes uncertain.

Only a few of have been confirmed in vivo because of molecule interference with

physiopharmacological processes such as absorption, distribution, metabolism, stor-

age and excretion.

During the last 15 years, several research studies have been published on the

bioavailability of different classes of natural antioxidants such as phenolic com-

pounds. The majority of them have important antioxidant potentials, mainly as scav-

engers of free radicals, which makes them attractive for human therapy. Many

studies show that the bioavailability of most polyphenols is not very high, due to

their low absorption, instability and others [72]. Their low bioavailability, does

not affect their pharmacological activities [73]. By chromatographic and spectro-

metric methods, leaves extracts of C. micranthum were studied chemically. This al-

lowed the identification of thirteen flavonoid compounds. In vitro bioassays have
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shown that the identified compounds may have synergistic effects to reduce glyce-

mia. An additional in vivo study in C57BL/6J mice indicates that C. micranthum can

reduce plasma glucose levels in a dose-dependent manner without significant weight

loss or toxicity [62]. These in vitro and in vivo experiments support a potential new

application of C. micranthum leaves as an antidiabetic agent. Our results on HEK-

293 cells corroborate these previous finding. The bioavailability of some polyphe-

nols and their metabolites (catechin, tannic acid, quercetin, maldivian, gallic acid,

catechin, epicatechin, caffeic acid, cinnamic acid, coumaric acid, ferulic acid, epigal-

locatechin, epigallocatechin gallate) have been investigated [74, 75, 76, 77, 78, 79].

For medicinal plants, these tests are used to prove their antiradical activity which

plays an important role in the therapeutics of pathologies related to oxidative stress

such as renal damage. In vitro antioxidant potential assessment methods do not pro-

vide the exact therapeutic implications of plant antioxidants. In addition, the antiox-

idant potential of plants or their phytochemicals is influenced by several factors

under in vivo conditions, including intestinal absorption, metabolism and bioavail-

ability [80]. Although the bioavailability of some natural antioxidants such as poly-

phenols is relatively low, they have been shown to retain their biological activity at

low plasma levels. It would be prudent to use several antioxidant tests to evaluate

the antioxidant activities of plants and to include at least one test with biological

relevance. In vitro models are useful for predicting and directing models in vivo

[81, 82]. The commonly recommended strategy is to evaluate plant extracts

in vitro and in vivo to confirm their therapeutic antioxidant potential [82]. Keeping

this in view, in vitro evaluation of C. micranthum antioxidant and nephroprotective

potential as the first step before confirmation in vivo is done. Work is in progress to

validate the nephroprotective effect of C. micranthum in different in vivo nephrop-

athy models.
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S. Vijayakumar S, Adrian-Valentin Potârniche, Thimmaiah NV: Conceived and de-

signed the experiments; Performed the experiments; Analyzed and interpreted the

data; Contributed reagents, materials, analysis tools or data.

Kodjo Adi, Siddalingesh M Banakar: Performed the experiments; Analyzed and in-

terpreted the data; Contributed reagents, materials, analysis tools or data.

Kossi Metowogo, Kodjo Aklikokou: Analyzed and interpreted the data; Contributed

reagents, materials, analysis tools or data.
on.2019.e01365

ors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

censes/by-nc-nd/4.0/).

https://doi.org/10.1016/j.heliyon.2019.e01365
http://creativecommons.org/licenses/by-nc-nd/4.0/


21 https://doi.org/10.1016/j.heliy

2405-8440/� 2019 The Auth

(http://creativecommons.org/li

Article Nowe01365
Funding statement

This work was partly supported by the Government of India through CV Raman In-

ternational Fellowship for African Researchers (DST/INT/CVRF/2016 dated 01/08/

2017) and by the Government of Romania through Eugen Ionescu Fellowship for

African Researchers (CE/DG/28/2017).
Competing interest statement

The authors declare no conflict of interest.
Additional information

No additional information is available for this paper.
References

[1] T.V. Dupre, C.N. Sharp, L.J. Siskind, Renal Toxicology/Nephrotoxicity of

Cisplatin and Other Chemotherapeutic Agents Comprehensive Toxicology,

third ed., Elsevier, Oxford, 2018, pp. 452e486.

[2] J. Jansen, M. Fedecostante, M. Wilmer, L. Van Den Heuvel, J. Hoenderop,

R. Masereeuw, Biotechnological challenges of bioartificial kidney engineer-

ing, Biotechnol. Adv. 32 (7) (2014) 1317e1327.

[3] V. Gueutin, G. Deray, C. Isnard-Bagnis, Renal physiology, Bull. Canc. 99

(3) (2012) 237e249.

[4] L. Frimat, C. Loos-Ayav, S. Briançon, M. Kessler, Epidemiology of chronic

kidney diseases, EMC e N�ephrol. 2 (4) (2005) 139e157.

[5] J. Zhang, S. Yang, H. Li, F. Chen, J. Shi, Naringin ameliorates diabetic ne-

phropathy by inhibitingNADPHoxidase 4, Eur. J. Pharmacol. 804 (2017) 1e6.

[6] T. Silambarasan, J. Manivannan, B. Raja, S. Chatterjee, Prevention of cardiac

dysfunction, kidney fibrosis and lipid metabolic alterations in l-NAME hy-

pertensive rats by sinapic aciddrole of HMG-CoA reductase, Eur. J. Phar-

macol. 777 (2016) 113e123.

[7] A. Tomar, S. Vasisth, S.I. Khan, S. Malik, T.C. Nag, D.S. Arya, J. Bhatia,

Galangin ameliorates cisplatin induced nephrotoxicity in vivo by modulation

of oxidative stress, apoptosis and inflammation through interplay of MAPK

signaling cascade, Phytomedicine 34 (2017) 154e161.

[8] N. Tsuboi, Y. Okabayashi, A. Shimizu, T. Yokoo, The renal pathology of

obesity, Kidney Int. Rep. 2 (2) (2017) 251e260.
on.2019.e01365

ors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

censes/by-nc-nd/4.0/).

http://refhub.elsevier.com/S2405-8440(18)36884-1/sref1
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref1
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref1
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref1
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref2
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref2
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref2
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref2
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref3
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref3
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref3
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref4
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref4
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref4
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref4
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref4
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref5
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref5
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref5
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref6
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref6
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref6
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref6
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref6
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref6
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref7
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref7
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref7
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref7
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref7
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref8
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref8
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref8
https://doi.org/10.1016/j.heliyon.2019.e01365
http://creativecommons.org/licenses/by-nc-nd/4.0/


22 https://doi.org/10.1016/j.heliy

2405-8440/� 2019 The Auth

(http://creativecommons.org/li

Article Nowe01365
[9] X.-L. Kong, X.-J. Ma, H. Su, D.-M. Xu, Relationship between occult hepa-

titis B virus infection and chronic kidney disease in a Chinese population-

based cohort, Chronic Dis. Translat. Med. 2 (1) (2016) 55e60.

[10] C. Ackoundou-N’guessan, C.M. Guei, D.A. Lagou, S. Gbekedi, M.W. Tia,

P.A. Coulibaly, S. Nzoue, S. Konan, G. Koffi, D.A. Gnionsahe, Chronic

renal failure in sickle cell disease: a retrospective analysis of 100 adults sickle

cell patients from black Africa, N�ephrol. Th�erapeutique 12 (3) (2016)

149e155.

[11] O. Phan, Y. El Housseini, M. Burnier, B. Vogt, Kidney and smoking: liter-

ature review and focus, N�ephrol. Th�erapeutique 9 (2) (2013) 67e72.

[12] M. Huang, L. Su, L. Yang, L. Zhu, Z. Liu, R. Duan, Effect of exogenous

TGF-b1 on the cadmium-induced nephrotoxicity by inhibiting apoptosis of

proximal tubular cells through PI3K-AKT-mTOR signaling pathway,

Chem. Biol. Interact. 269 (2017) 25e32.

[13] B. Stengel, C. Combe, C. Jacquelinet, S. Briançon, D. Fouque, M. Laville,

L. Frimat, C. Pascal, Y.-�E. Herpe, P. Morel, The French Chronic Kidney

DiseaseeRenal Epidemiology and Information Network (CKD-REIN)

cohort study: to better understand chronic kidney disease, N�ephrol. Th�era-

peutique 12 (2016) S49eS56.

[14] D. Sharma, P. Bhattacharya, K. Kalia, V. Tiwari, Diabetic nephropathy: new

insights into established therapeutic paradigms and novel molecular targets,

Diabetes Res. Clin. Pract. 128 (2017) 91e108.

[15] C.P. Domingueti, L.M.S.A. Dusse, M. Das Graças Carvalho, L.P. De Sousa,

K.B. Gomes, A.P. Fernandes, Diabetes mellitus: the linkage between oxida-

tive stress, inflammation, hypercoagulability and vascular complications, J.

Diabetes Complicat. 30 (4) (2016) 738e745.

[16] M. Rahimi-Madiseh, A. Malekpour-Tehrani, M. Bahmani, M. Rafieian-Ko-

paei, The research and development on the antioxidants in prevention of dia-

betic complications, Asian Pacific J. Trop. Med. 9 (9) (2016) 825e831.

[17] A. Ghasemi, S. Khalifi, S. Jedi, Streptozotocin-nicotinamide-induced rat

model of type 2 diabetes (review), Acta Physiol. Hung. 101 (4) (2014)

408e420.

[18] S. Hu, J. Wang, J. Wang, S. Li, W. Jiang, Y. Liu, Renoprotective effect of

fucoidan from Acaudina molpadioides in streptozotocin/high fat diet-

induced type 2 diabetic mice, J. Funct. Foods 31 (2017) 123e130.
on.2019.e01365

ors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

censes/by-nc-nd/4.0/).

http://refhub.elsevier.com/S2405-8440(18)36884-1/sref9
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref9
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref9
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref9
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref10
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref10
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref10
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref10
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref10
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref10
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref10
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref10
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref11
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref11
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref11
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref11
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref11
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref12
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref12
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref12
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref12
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref12
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref13
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref13
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref13
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref13
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref13
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref13
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref13
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref13
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref13
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref13
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref14
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref14
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref14
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref14
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref15
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref15
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref15
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref15
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref15
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref16
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref16
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref16
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref16
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref17
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref17
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref17
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref17
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref18
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref18
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref18
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref18
https://doi.org/10.1016/j.heliyon.2019.e01365
http://creativecommons.org/licenses/by-nc-nd/4.0/


23 https://doi.org/10.1016/j.heliy

2405-8440/� 2019 The Auth

(http://creativecommons.org/li

Article Nowe01365
[19] N. Al-Waili, H. Al-Waili, T. Al-Waili, K. Salom, Natural antioxidants in the

treatment and prevention of diabetic nephropathy; a potential approach that

warrants clinical trials, Redox Rep. (2017) 1e20.

[20] W. Sun, X. Liu, H. Zhang, Y. Song, T. Li, X. Liu, Y. Liu, L. Guo, F. Wang,

T. Yang, Epigallocatechin gallate upregulates NRF2 to prevent diabetic ne-

phropathy via disablingKEAP1, FreeRadic. Biol.Med. (2017) S0891eS5849.

[21] R. Xie, H. Zhang, X.-Z. Wang, X.-Z. Yang, S.-N. Wu, H.-G. Wang, P. Shen,

T.-H. Ma, The protective effect of betulinic acid (BA) diabetic nephropathy

on streptozotocin (STZ)-induced diabetic rats, Food Funct. (2017) 1e8.

[22] N. Dangi, M. Gyanwali, P. Gyanwali, H. Sapkota, A. Pandey, A. Shrestha,

Evaluation of aloe vera leaves extract in streptozotocin-induced diabetic ne-

phropathy in rat, J. Chitwan Med. Coll. 5 (4) (2017) 55e63.

[23] Y.-S. Yang, C.-N. Huang, C.-J. Wang, Y.-J. Lee, M.-L. Chen, C.-H. Peng,

Polyphenols of Hibiscus sabdariffa improved diabetic nephropathy via regu-

lating the pathogenic markers and kidney functions of type 2 diabetic rats, J.

Funct. Foods 5 (2) (2013) 810e819.

[24] L. Da Silva, R. Cotta, T. Moreira, R. Da Silva, C. De Ob Rosa, J. Machado,

M. Bastos, Hidden prevalence of chronic kidney disease in hypertensive pa-

tients: the strategic role of primary health care, Public Health 140 (2016)

250e257.

[25] V. Jha, G. Garcia-Garcia, K. Iseki, Z. Li, S. Naicker, B. Plattner, R. Saran,

A.Y.-M. Wang, C.-W. Yang, Chronic kidney disease: global dimension

and perspectives, Lancet 382 (9888) (2013) 260e272.

[26] I. Bongiovanni, A.-L. Couillerot-Peyrondet, C. Sambuc, E. Dantony, M.-

H. Elsensohn, Y. Sainsaulieu, R. Ecochard, C. Couchoud, �Evaluation

m�edico-�economique des strat�egies de prise en charge de l’insuffisance r�enale

chronique terminale en France, N�ephrol. Th�erapeutique 12 (2) (2016)

104e115.

[27] M.-O. Timsit, F. Kleinclauss, V. Richard, R. Thuret, Surgical complications

of renal transplantation, Prog. Urol. 26 (15) (2016) 1066e1082.

[28] H. François, A. Durrbach, S. Beaudreuil, B. Charpentier, L. Lecru, Role of

cannabinoid receptors in renal disease, N�ephrol. Th�erapeutique 12 (2016)

S115eS122.

[29] Y. Chtourou, B. Aouey, S. Aroui, M. Kebieche, H. Fetoui, Anti-apoptotic

and anti-inflammatory effects of naringin on cisplatin-induced renal injury

in the rat, Chem. Biol. Interact. 243 (2016) 1e9.
on.2019.e01365

ors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

censes/by-nc-nd/4.0/).

http://refhub.elsevier.com/S2405-8440(18)36884-1/sref19
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref19
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref19
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref19
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref20
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref20
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref20
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref20
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref21
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref21
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref21
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref21
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref22
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref22
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref22
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref22
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref23
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref23
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref23
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref23
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref23
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref24
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref24
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref24
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref24
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref24
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref25
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref25
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref25
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref25
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref26
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref26
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref26
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref26
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref26
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref26
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref26
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref26
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref26
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref26
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref26
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref26
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref26
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref27
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref27
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref27
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref28
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref28
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref28
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref28
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref28
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref28
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref29
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref29
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref29
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref29
https://doi.org/10.1016/j.heliyon.2019.e01365
http://creativecommons.org/licenses/by-nc-nd/4.0/


24 https://doi.org/10.1016/j.heliy

2405-8440/� 2019 The Auth

(http://creativecommons.org/li

Article Nowe01365
[30] C.-W. Kuo, C.-J. Shen, Y.-T. Tung, H.-L. Chen, Y.-H. Chen, W.-H. Chang,

K.-C. Cheng, S.-H. Yang, C.-M. Chen, Extracellular superoxide dismutase

ameliorates streptozotocin-induced rat diabetic nephropathy via inhibiting

the ROS/ERK1/2 signaling, Life Sci. 135 (2015) 77e86.

[31] D. De Zeeuw, T. Akizawa, P. Audhya, G.L. Bakris, M. Chin, H. Christ-

Schmidt, A. Goldsberry, M. Houser, M. Krauth, H.J. Lambers Heerspink,

Bardoxolone methyl in type 2 diabetes and stage 4 chronic kidney disease,

N. Engl. J. Med. 369 (26) (2013) 2492e2503.

[32] M. Ou�edraogo, A. Lamien-Sanou, N. Ramd�e, A.S. Ou�edraogo,

M. Ou�edraogo, S.P. Zongo, O. Goumbri, P. Duez, P.I. Guissou, Protective

effect of Moringa oleifera leaves against gentamicin-induced nephrotoxicity

in rabbits, Exp. Toxicol. Pathol. 65 (3) (2013) 335e339.

[33] M.S. Butler, The role of natural product chemistry in drug discovery, J. Nat.

Prod. 67 (12) (2004) 2141e2153.

[34] H. Xiong, Y. Chen, X. Zhang, H. Gu, S. Wang, An electrochemical

biosensor for the rapid detection of DNA damage induced by xanthine

oxidase-catalyzed Fenton reaction, Sensor. Actuator. B Chem. 181 (2013)

85e91.

[35] J. Xiao, G.-B. Sun, B. Sun, Y. Wu, L. He, X. Wang, R.-C. Chen, L. Cao, X.-

Y. Ren, X.-B. Sun, Kaempferol protects against doxorubicin-induced cardi-

otoxicity in vivo and in vitro, Toxicology 292 (1) (2012) 53e62.

[36] N. Tlili, A. Feriani, E. Saadoui, N. Nasri, A. Khaldi, Capparis spinosa leaves

extract: source of bioantioxidants with nephroprotective and hepatoprotective

effects, Biomed. Pharmacother. 87 (2017) 171e179.

[37] S. Saha, R.J. Verma, Efficacy study of dolichos biflorus in the management

of nephrotoxicity, Asian Pac. J. Trop. Biomed. (2012) S1471eS1476.

[38] S. Nagwani, Y.B. Tripathi, Amelioration of cisplatin induced nephrotoxicity

by PTY: a herbal preparation, Food Chem. Toxicol. 48 (8) (2010)

2253e2258.

[39] K. Athira, R.M. Madhana, M. Lahkar, Flavonoids, the emerging dietary sup-

plement against cisplatin-induced nephrotoxicity, Chem. Biol. Interact. 248

(2016) 18e20.

[40] O. Zahoui, T. Soro, K. Yao, S. Nene-Bi, F. Traor�e, Effet hypotenseur d’un

extrait aqueux de Combretum micranthum G. Don (Combretaceae), Phy-

toth�erapie (2016) 1e9.
on.2019.e01365

ors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

censes/by-nc-nd/4.0/).

http://refhub.elsevier.com/S2405-8440(18)36884-1/sref30
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref30
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref30
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref30
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref30
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref31
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref31
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref31
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref31
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref31
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref32
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref32
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref32
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref32
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref32
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref32
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref32
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref32
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref32
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref33
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref33
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref33
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref34
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref34
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref34
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref34
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref34
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref35
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref35
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref35
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref35
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref36
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref36
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref36
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref36
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref37
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref37
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref37
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref38
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref38
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref38
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref38
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref39
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref39
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref39
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref39
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref40
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref40
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref40
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref40
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref40
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref40
https://doi.org/10.1016/j.heliyon.2019.e01365
http://creativecommons.org/licenses/by-nc-nd/4.0/


25 https://doi.org/10.1016/j.heliy

2405-8440/� 2019 The Auth

(http://creativecommons.org/li

Article Nowe01365
[41] G.R. De Morais Lima, I.R.P. De Sales, M.R.D. Caldas Filho, N.Z.T. De

Jesus, H. De Sousa Falc~ao, J.M. Barbosa-Filho, A.G.S. Cabral,

A.L. Souto, J.F. Tavares, L.M. Batista, Bioactivities of the genus Combretum

(Combretaceae): a review, Molecules 17 (8) (2012) 9142e9206.

[42] Z. Maksimovic, D. Malencic, N. Kovacevic, Polyphenol contents and antiox-

idant activity of Maydis stigma extracts, Bioresour. Technol. 96 (8) (2005)

873e877.

[43] M.S. Kataki, B.B. Kakoti, B. Bhuyan, A. Rajkumari, P. Rajak, Garden rue

inhibits the arachidonic acid pathway, scavenges free radicals, and elevates

FRAP: role in inflammation, Chin. J. Nat. Med. 12 (3) (2014) 172e179.

[44] J. Zhang, X. Hou, H. Ahmad, H. Zhang, L. Zhang, T. Wang, Assessment of

free radicals scavenging activity of seven natural pigments and protective ef-

fects in AAPH-challenged chicken erythrocytes, Food Chem. 145 (2014)

57e65.

[45] S. Sen, B. De, N. Devanna, R. Chakraborty, Total phenolic, total flavonoid

content, and antioxidant capacity of the leaves of Meyna spinosa Roxb.,

an Indian medicinal plant, Chin. J. Nat. Med. 11 (2) (2013) 149e157.

[46] M. Kpemissi, K. Metowogo, P. Lawson-Evi, K. Eklu-Kad�egb�ekou,

A.K. Aklikokou, M. Gb�eassor, Hepatoprotective and antioxidant effects of

Acanthospermum hispidum (DC) leaves on carbon tetrachloride-induced

acute liver damage in rat, Int. J. Brain Cogn. Sci. 9 (5) (2015) 2263e2271.

[47] A.A. Shaaban, M.E. Shaker, K.R. Zalata, H.A. El-Kashef, T.M. Ibrahim,

Modulation of carbon tetrachloride-induced hepatic oxidative stress, injury

and fibrosis by olmesartan and omega-3, Chem. Biol. Interact. 207 (2014)

81e91.

[48] J. Sillero-Ríos, A. Sureda, X. Cap�o, M. Oliver-Codorni�u, P. Arechavala-Lo-

pez, Biomarkers of physiological responses of Octopus vulgaris to different

coastal environments in the western Mediterranean Sea, Mar. Pollut. Bull.

128 (2018) 240e247.

[49] I.A. Adedara, S.E. Alake, M.O. Adeyemo, L.O. Olajide, T.O. Ajibade,

E.O. Farombi, Taurine enhances spermatogenic function and antioxidant de-

fense mechanisms in testes and epididymis of L-NAME-induced hyperten-

sive rats, Biomed. Pharmacother. Biomed. Pharmacother. 97 (2018)

181e189.

[50] H. Eslami, A.M. Sharifi, Role of bax protein and caspase-3 at high glucose-

induced apoptosis in human embryonic kidney (HEK) 293 cells, Zahedan J.

Res. Med. Sci. 15 (5) (2013) 25e29. http://eprints.hums.ac.ir/id/eprint/937.
on.2019.e01365

ors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

censes/by-nc-nd/4.0/).

http://refhub.elsevier.com/S2405-8440(18)36884-1/sref41
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref41
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref41
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref41
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref41
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref41
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref42
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref42
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref42
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref42
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref43
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref43
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref43
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref43
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref44
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref44
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref44
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref44
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref44
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref45
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref45
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref45
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref45
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref46
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref46
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref46
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref46
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref46
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref46
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref46
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref46
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref47
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref47
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref47
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref47
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref47
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref48
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref48
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref48
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref48
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref48
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref48
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref48
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref49
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref49
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref49
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref49
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref49
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref49
http://eprints.hums.ac.ir/id/eprint/937
https://doi.org/10.1016/j.heliyon.2019.e01365
http://creativecommons.org/licenses/by-nc-nd/4.0/


26 https://doi.org/10.1016/j.heliy

2405-8440/� 2019 The Auth

(http://creativecommons.org/li

Article Nowe01365
[51] E. Mahgoub, S.M. Kumaraswamy, K.H. Kader, B. Venkataraman, S. Ojha,

E. Adeghate, M. Rajesh, Genipin attenuates cisplatin-induced nephrotoxicity

by counteracting oxidative stress, inflammation, and apoptosis, Biomed.

Pharmacother. 93 (2017) 1083e1097.

[52] S. Fatima, N. Al-Mohaimeed, Y. Al-Shaikh, P. Tyagi, N. Banu, S. Hasan,

S. Arjumand, Combined treatment of epigallocatechin gallate and Coenzyme

Q10 attenuates cisplatin-induced nephrotoxicity via suppression of oxidative/

nitrosative stress, inflammation and cellular damage, Food Chem. Toxicol.

94 (2016) 213e220.

[53] G. Bjørklund, S. Chirumbolo, Role of oxidative stress and antioxidants in

daily nutrition and human health, Nutrition 33 (2017) 311e321.

[54] F. Vargas, P. Romecin, A.I. Garcia-Guillen, R. Wangesteen, P. Vargas-Ten-

dero, M.D. Paredes, N.M. Atucha, J. Garcia-Estan, Flavonoids in kidney

health and disease, Front. Physiol. 9 (394) (2018) 1e12.

[55] L. Zhao, L. Xu, X. Tao, X. Han, L. Yin, Y. Qi, J. Peng, Protective effect of

the total flavonoids from Rosa laevigata Michx fruit on renal ischemia-

reperfusion injury through suppression of oxidative stress and inflammation,

Molecules 21 (952) (2016) 1e13.

[56] H. Zhang, R. Tsao, Dietary polyphenols, oxidative stress and antioxidant and

anti-inflammatory effects, Curr. Opin. Food Sci. 8 (2016) 33e42.

[57] M.A. Martín, S. Ramos, Cocoa polyphenols in oxidative stress: potential

health implications, J. Funct. Foods 27 (2016) 570e588.

[58] S.M. Ju, J.G. Kang, J.S. Bae, H.O. Pae, Y.S. Lyu, B.H. Jeon, The flavonoid

apigenin ameliorates cisplatin-induced nephrotoxicity through reduction of

p53 activation and promotion of PI3K/Akt pathway in human renal proximal

tubular epithelial cells, Evid. Based Complement Altern. Med. 2015 (2015)

1e10.

[59] P. Ragavendran, D. Sophia, C. Arul Raj, V. Gopalakrishnan, Functional

group analysis of various extracts of Aerva lanata (L.,) by FTIR spectrum,

Pharmacol. online 1 (2011) 358e364.

[60] R.N. Oliveira, M.C. Mancini, F.C.S.D. Oliveira, T.M. Passos, B. Quilty,

R.M.D.S.M. Thir�e, G.B. Mcguinness, FTIR analysis and quantification of

phenols and flavonoids of five commercially available plants extracts used

in wound healing, Mat�eria (Rio de Janeiro) 21 (3) (2016) 767e779.

[61] S.K. Kumar, M. Suresh, S.A. Kumar, P. Kalaiselvi, Bioactive compounds,

radical scavenging, antioxidant properties and FTIR spectroscopy study of
on.2019.e01365

ors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

censes/by-nc-nd/4.0/).

http://refhub.elsevier.com/S2405-8440(18)36884-1/sref51
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref51
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref51
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref51
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref51
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref52
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref52
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref52
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref52
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref52
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref52
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref53
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref53
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref53
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref54
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref54
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref54
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref54
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref55
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref55
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref55
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref55
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref55
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref56
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref56
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref56
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref57
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref57
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref57
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref58
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref58
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref58
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref58
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref58
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref58
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref59
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref59
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref59
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref59
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref60
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref60
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref60
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref60
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref60
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref60
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref60
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref61
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref61
https://doi.org/10.1016/j.heliyon.2019.e01365
http://creativecommons.org/licenses/by-nc-nd/4.0/


27 https://doi.org/10.1016/j.heliy

2405-8440/� 2019 The Auth

(http://creativecommons.org/li

Article Nowe01365
Morinda citrifolia fruit extracts, Int. J. Curr. Microbiol. Appl. Sci. 3 (2)

(2014) 28e42.

[62] C. Welch, J. Zhen, E. Bass�ene, I. Raskin, J.E. Simon, Q. Wu, Bioactive poly-

phenols in kink�eliba tea (Combretum micranthum) and their glucose-

lowering activities, J. Food Drug Anal. 26 (2017) 487e496.

[63] M.N. Alam, N.J. Bristi, M. Rafiquzzaman, Review on in vivo and in vitro

methods evaluation of antioxidant activity, Saudi Pharmaceut. J. 21 (2)

(2013) 143e152.

[64] A. Banerjee, A. Kunwar, B. Mishra, K. Priyadarsini, Concentration depen-

dent antioxidant/pro-oxidant activity of curcumin: studies from AAPH

induced hemolysis of RBCs, Chem. Biol. Interact. 174 (2) (2008) 134e139.

[65] P. Poprac, K. Jomova, M. Simunkova, V. Kollar, C.J. Rhodes, M. Valko,

Targeting free radicals in oxidative stress-related human diseases, Trends

Pharmacol. Sci. 38 (7) (2017) 592e607.

[66] C. Lorz, A. Benito-Martín, A. Boucherot, A.C. Ucero, M.P. Rastaldi,

A. Henger, S. Armelloni, B. Santamaría, C.C. Berthier, M. Kretzler, The

death ligand TRAIL in diabetic nephropathy, J. Am. Soc. Nephrol. 19 (5)

(2008) 904e914.

[67] D.K. Singh, P. Winocour, K. Farrington, Oxidative stress in early diabetic

nephropathy: fueling the fire, Nat. Rev. Endocrinol. 7 (3) (2011) 176.

[68] N. Kashihara, Y. Haruna, V. K Kondeti, Y.S. Kanwar, Oxidative stress in

diabetic nephropathy, Curr. Med. Chem. 17 (34) (2010) 4256e4269.

[69] N.F. Bony, D. Libong, A. Solgadi, J. Bleton, P. Champy, A.K. Malan,

P. Chaminade, Establishing high temperature gas chromatographic profiles

of non-polar metabolites for quality assessment of African traditional herbal

medicinal products, J. Pharm. Biomed. Anal. 88 (2014) 542e551.

[70] A. Tour�e, X. Xu, T. Michel, M. Bangoura, In vitro antioxidant and radical

scavenging of Guinean kinkeliba leaf (Combretum micranthum G. Don) ex-

tracts, Nat. Prod. Res. 25 (11) (2011) 1025e1036.

[71] A. Lengani, L.F. Lompo, I.P. Guissou, J.-B. Nikiema, Traditional medicine in

kidney diseases in Burkina Faso, N�ephrol. Th�erapeutique 6 (1) (2010) 35e39.

[72] R. Bitsch, M. Netzel, E. Carl�e, G. Strass, B. Kesenheimer, M. Herbst,

I. Bitsch, Bioavailability of antioxidative compounds from Brettacher

apple juice in humans, Innov. Food Sci. Emerg. Technol. 1 (4) (2000)

245e249.
on.2019.e01365

ors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

censes/by-nc-nd/4.0/).

http://refhub.elsevier.com/S2405-8440(18)36884-1/sref61
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref61
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref61
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref62
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref62
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref62
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref62
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref62
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref62
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref63
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref63
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref63
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref63
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref64
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref64
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref64
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref64
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref65
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref65
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref65
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref65
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref66
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref66
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref66
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref66
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref66
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref67
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref67
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref68
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref68
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref68
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref70
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref70
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref70
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref70
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref70
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref71
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref71
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref71
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref71
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref71
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref72
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref72
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref72
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref72
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref72
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref74
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref74
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref74
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref74
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref74
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref74
https://doi.org/10.1016/j.heliyon.2019.e01365
http://creativecommons.org/licenses/by-nc-nd/4.0/


28 https://doi.org/10.1016/j.heliy

2405-8440/� 2019 The Auth

(http://creativecommons.org/li

Article Nowe01365
[73] A.-P. Nifli, M. Kampa, V.-I. Alexaki, G. Notas, E. Castanas, Polyphenol

interaction with the T47D human breast cancer cell line, J. Dairy Res. 72

(S1) (2005) 44e50.

[74] M. Carbonaro, G. Grant, A. Pusztai, Evaluation of polyphenol bioavailability

in rat small intestine, Eur. J. Nutr. 40 (2) (2001) 84e90.

[75] L. Ho, M.G. Ferruzzi, E.M. Janle, J. Wang, B. Gong, T.-Y. Chen, J. Lobo,

B. Cooper, Q.L. Wu, S.T. Talcott, Identification of brain-targeted bioactive

dietary quercetin-3-O-glucuronide as a novel intervention for Alzheimer’s

disease, FASEB J. 27 (2) (2013) 769e781.

[76] M.G. Ferruzzi, J.K. Lobo, E.M. Janle, B. Cooper, J.E. Simon, Q.-L. Wu,

C. Welch, L. Ho, C. Weaver, G.M. Pasinetti, Bioavailability of gallic acid

and catechins from grape seed polyphenol extract is improved by repeated

dosing in rats: implications for treatment in Alzheimer’s disease, J. Alz-

heimer’s Dis. 18 (1) (2009) 113e124.

[77] K. Redeuil, C. Smarrito-Menozzi, P. Guy, S. Rezzi, F. Dionisi,

G. Williamson, K. Nagy, M. Renouf, Identification of novel circulating cof-

fee metabolites in human plasma by liquid chromatographyemass spectrom-

etry, J. Chromatogr. A 1218 (29) (2011) 4678e4688.

[78] M. Maeda-Yamamoto, K. Ema, Y. Tokuda, M. Monobe, H. Tachibana,

Y. Sameshima, S. Kuriyama, Effect of green tea powder (Camellia sinensis

L. cv. Benifuuki) particle size on O-methylated EGCG absorption in rats;

The Kakegawa Study, Cytotechnology 63 (2) (2011) 171e179.

[79] R. Koli, I. Erlund, A. Jula, J. Marniemi, P. Mattila, G. Alfthan, Bioavail-

ability of various polyphenols from a diet containing moderate amounts of

berries, J. Agric. Food Chem. 58 (7) (2010) 3927e3932.

[80] M. Antolovich, P.D. Prenzler, E. Patsalides, S. Mcdonald, K. Robards,

Methods for testing antioxidant activity, Analyst 127 (1) (2002) 183e198.

[81] E.A. Abourashed, Bioavailability of plant-derived antioxidants, Antioxidants

2 (4) (2013) 309e325.

[82] D.M. Kasote, S.S. Katyare, M.V. Hegde, H. Bae, Significance of antioxidant

potential of plants and its relevance to therapeutic applications, Int. J. Biol.

Sci. 11 (8) (2015) 982.

[83] D. Olschwang, E. Bassene, J.P. Colonna, Tradition africaine et analyse sci-

entifique: l’utilisation du kink�eliba (Combretum micranthum G. Don) en

Afrique de l’Ouest, Epist�eme 2 (1991) 74e82.
on.2019.e01365

ors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

censes/by-nc-nd/4.0/).

http://refhub.elsevier.com/S2405-8440(18)36884-1/sref75
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref75
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref75
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref75
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref76
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref76
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref76
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref77
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref77
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref77
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref77
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref77
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref78
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref78
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref78
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref78
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref78
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref78
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref79
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref79
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref79
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref79
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref79
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref79
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref80
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref80
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref80
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref80
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref80
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref81
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref81
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref81
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref81
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref82
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref82
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref82
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref83
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref83
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref83
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref84
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref84
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref84
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref85
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref85
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref85
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref85
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref85
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref85
https://doi.org/10.1016/j.heliyon.2019.e01365
http://creativecommons.org/licenses/by-nc-nd/4.0/


29 https://doi.org/10.1016/j.heliy

2405-8440/� 2019 The Auth

(http://creativecommons.org/li

Article Nowe01365
[84] C.R. Welch, Chemistry and Pharmacology of Kink�eliba (Combretum Mi-

cranthum), a West African Medicinal Plant, Rutgers The State University

of New Jersey-New Brunswick, 2010.

[85] J. Eloff, D. Katerere, L. Mcgaw, The biological activity and chemistry of the

southern African Combretaceae, J. Ethnopharmacol. 119 (3) (2008)

686e699.

[86] F. Benoit-Vical, A. Valentin, Y. Pelissier, C. Marion, D. Castel, M. Milhau,

M. Mallie, J. Bastide, F. Diafouka, D. Kone-Bamba, Confirmation, in vitro,

de l’activit�e antimalarique de certaines plantes d’origine africaine utilis�ees en

m�edecine traditionnelle, M�edecine d’Afrique Noire 43 (7) (1996) 393e400.

[87] P. Nadembega, J.I. Boussim, J.B. Nikiema, F. Poli, F. Antognoni, Medicinal

plants in baskoure, kourittenga province, Burkina Faso: an ethnobotanical

study, J. Ethnopharmacol. 133 (2) (2011) 378e395.

[88] K.C. Chinsembu, Plants as antimalarial agents in Sub-Saharan Africa, Acta

Trop. 152 (2015) 32e48.

[89] N. Diarra, C. Van’t Klooster, A. Togola, D. Diallo, M. Willcox, J. De Jong,

Ethnobotanical study of plants used against malaria in S�elingu�e subdistrict,

Mali, J. Ethnopharmacol. 166 (2015) 352e360.

[90] K.A. El Sayed, Natural products as antiviral agents, Stud. Nat. Prod. Chem.

24 (2000) 473e572.

[91] C. Esimone, T. Grunwald, O. Wildner, G. Nchinda, B. Tippler, P. Proksch,

K.Ueberla, In vitro pharmacodynamic evaluation of antiviralmedicinal plants us-

ing a vector-based assay technique, J. Appl.Microbiol. 99 (6) (2005) 1346e1355.

[92] K.C. Chinsembu, M. Hedimbi, An ethnobotanical survey of plants used to

manage HIV/AIDS opportunistic infections in Katima Mulilo, Caprivi re-

gion, Namibia, J. Ethnobiol. Ethnomed. 6 (1) (2010) 1e9.

[93] A. Ndhlala, S. Amoo, B. Ncube, M. Moyo, J. Nair, J. Van Staden, 16-Anti-

bacterial, Antifungal, and Antiviral Activities of African Medicinal Plants,

Medicinal Plant Research in Africa, Elsevier, Oxford, 2013, pp. 621e659.

[94] O.A. Olajide, J.M. Makinde, D.T. Okpako, Evaluation of the anti-

inflammatory property of the extract of Combretum micranthum G. Don

(Combretaceae), Inflammopharmacology 11 (3) (2003) 293e298.

[95] K. Inngjerdingen, C.S. Nerg�ard, D. Diallo, P.P. Mounkoro, B.S. Paulsen, An

ethnopharmacological survey of plants used for wound healing in Dogon-

land, Mali, West Africa, J. Ethnopharmacol. 92 (2) (2004) 233e244.
on.2019.e01365

ors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

censes/by-nc-nd/4.0/).

http://refhub.elsevier.com/S2405-8440(18)36884-1/sref86
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref86
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref86
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref86
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref87
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref87
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref87
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref87
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref88
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref88
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref88
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref88
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref88
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref88
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref88
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref88
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref88
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref89
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref89
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref89
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref89
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref90
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref90
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref90
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref91
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref91
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref91
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref91
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref91
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref91
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref92
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref92
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref92
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref93
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref93
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref93
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref93
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref94
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref94
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref94
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref94
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref95
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref95
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref95
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref95
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref96
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref96
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref96
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref96
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref97
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref97
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref97
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref97
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref97
https://doi.org/10.1016/j.heliyon.2019.e01365
http://creativecommons.org/licenses/by-nc-nd/4.0/


30 https://doi.org/10.1016/j.heliy

2405-8440/� 2019 The Auth

(http://creativecommons.org/li

Article Nowe01365
[96] D. Karou, M.H. Dicko, J. Simpore, A.S. Traore, Antioxidant and antibacte-

rial activities of polyphenols from ethnomedicinal plants of Burkina Faso,

Afr. J. Biotech. 4 (8) (2005) 823e828.

[97] M. Beda, V. Besson, S. Beourou, K. Kouassi, Optimization of water-extract

of phenolic and antioxidant compounds from kink�eliba (Combretum micran-

thum) leaves, Afr. J. Food Sci. Res. 2 (1) (2014) 37e43.

[98] J. Ngene, C. Ngoule, C.P. Kidik, P.M. Ottou, S. Dibong, E.M. Mpondo,

Importance dans la pharmacop�ee traditionnelle des plantes �a flavonoïdes ven-

dues dans les march�es de Douala est (Cameroun), J. Appl. Biosci. 88 (1)

(2015) 8194e8210.

[99] U.E. Osonwa, C.E. Umeyor, U.V. Okon, E.M. Uronnachi, C.D. Nwakile,

Stability studies on the aqueous extract of the fresh leaves of Combretum

micranthum G. Don used as antibacterial agent, J. Chem. Chem. Eng. 6

(5) (2012) 417e424.

[100] I. Udoh, C. Nworu, C. Eleazar, F. Onyemelukwe, C. Esimone, Antibacterial

profile of extracts of Combretum micranthum G. Don against resistant and

sensitive nosocomial isolates 02 (04) (2012) 142e146.

[101] S. Banfi, E. Caruso, V. Orlandi, P. Barbieri, S. Cavallari, P. Vigan�o,

P. Clerici, L. Chiodaroli, Antibacterial activity of leaf extracts from Combre-

tum micranthum and Guiera senegalensis (Combretaceae), Res. J. Microbiol.

9 (2) (2014) 66e88.

[102] J.A. Ibrahim, I. Muazzam, I. Jegede, O. Kunle, J. Okogun, Ethno-medicinal

plants and methods used by Gwandara tribe of Sabo Wuse in Niger state,

Nigeria, to treat mental illness, Afr. J. Trad. Complement. Altern. Med. 4

(2) (2007) 211e218.

[103] Y.T. Kantati, K.M. Kodjo, K.S. Dogbeavou, D. Vaudry, J. Leprince,

M. Gbeassor, Ethnopharmacological survey of plant species used in folk

medicine against central nervous system disorders in Togo, J. Ethnopharma-

col. 181 (2016) 214e220.

[104] A. Chika, S.O. Bello, Antihyperglycaemic activity of aqueous leaf extract of

Combretum micranthum (Combretaceae) in normal and alloxan-induced dia-

betic rats, J. Ethnopharmacol. 129 (1) (2010) 34e37.

[105] M.U. Rao, M. Sreenivasulu, B. Chengaiah, K.J. Reddy, C.M. Chetty, Herbal

medicines for diabetes mellitus: A review, Int. J. Pharm.Tech. Res. 2 (3)

(2010) 1883e1892.
on.2019.e01365

ors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

censes/by-nc-nd/4.0/).

http://refhub.elsevier.com/S2405-8440(18)36884-1/sref98
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref98
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref98
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref98
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref99
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref99
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref99
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref99
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref99
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref100
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref100
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref100
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref100
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref100
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref100
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref100
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref100
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref101
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref101
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref101
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref101
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref101
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref102
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref102
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref102
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref102
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref103
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref103
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref103
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref103
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref103
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref103
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref104
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref104
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref104
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref104
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref104
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref105
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref105
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref105
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref105
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref105
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref106
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref106
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref106
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref106
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref107
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref107
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref107
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref107
https://doi.org/10.1016/j.heliyon.2019.e01365
http://creativecommons.org/licenses/by-nc-nd/4.0/


31 https://doi.org/10.1016/j.heliy

2405-8440/� 2019 The Auth

(http://creativecommons.org/li

Article Nowe01365
[106] G.E. Holaly, K.D. Simplice, G. Charlemagne, A. Kodjovi, A. Kokou,

T. Tchadjobo, A. Amegnona, B. Komlan, S. Jacques, �Etude ethnobotanique

des plantes utilis�ees dans le traitement du diab�ete dans la m�edecine tradition-

nelle de la r�egion Maritime du Togo, Pan Afr. Med. J. 20 (2015) 1e16.

[107] M.A. Ibrahim, A. Mohammed, M.B. Isah, A.B. Aliyu, Anti-trypanosomal ac-

tivity of African medicinal plants: a review update, J. Ethnopharmacol. 154

(1) (2014) 26e54.

[108] A. Bald�e, M. Traor�e, M. Bald�e, M. Barry, A. Diallo, M. Camara, S. Traor�e,

M. Kouyat�e, S. Ouo-Ouo, A. Myanth�e, Ethnomedical and ethnobotanical in-

vestigations on the response capacities of Guinean traditional health prac-

tioners in the management of outbreaks of infectious diseases: the case of

the Ebola virus epidemic, J. Ethnopharmacol. 182 (2016) 137e149.

[109] D. Pare, A. Hilou, N. Ouedraogo, S. Guenne, Ethnobotanical study of medic-

inal plants used as anti-obesity remedies in the nomad and hunter commu-

nities of Burkina Faso, Medicines 3 (2) (2016) 1e24.

[110] S.M. Seck, D. Doupa, D.G. Dia, E.A. Diop, D.-L. Ardiet, R.C. Nogueira,

B. Graz, B. Diouf, Clinical efficacy of African traditional medicines in hyper-

tension: a randomized controlled trial with Combretum micranthum and Hi-

biscus sabdariffa, J. Hum. Hypertens. (2017) 1e7.
on.2019.e01365

ors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

censes/by-nc-nd/4.0/).

http://refhub.elsevier.com/S2405-8440(18)36884-1/sref108
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref108
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref108
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref108
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref108
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref108
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref108
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref108
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref108
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref108
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref109
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref109
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref109
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref109
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref110
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref110
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref110
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref110
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref110
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref110
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref110
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref110
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref110
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref110
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref110
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref110
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref111
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref111
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref111
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref111
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref112
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref112
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref112
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref112
http://refhub.elsevier.com/S2405-8440(18)36884-1/sref112
https://doi.org/10.1016/j.heliyon.2019.e01365
http://creativecommons.org/licenses/by-nc-nd/4.0/

	Antioxidant and nephroprotection activities of Combretum micranthum: A phytochemical, in-vitro and ex-vivo studies
	1. Introduction
	2. Material and methods
	2.1. Drugs and chemicals
	2.2. Plant materials and extraction
	2.3. Animals
	2.4. Reported ethnobotanical, pharmacological and phytochemical analysis of C. micranthum
	2.5. Determination of total phenolics, tannins and flavonoids compounds
	2.5.1. Determination of total polyphenol contents
	2.5.2. Determination of tannins
	2.5.3. Determination of flavonoids

	2.6. Fourier transform infra-red spectroscopy
	2.7. In vitro steady-state antioxidant studies
	2.7.1. Determination of DPPH (1, 1-diphenyl-2-picryl hydrazyl) radical scavenging activity
	2.7.2. Reducing power assay
	2.7.3. Nitric oxide radical scavenging assay
	2.7.4. Hydrogen peroxide scavenging activity
	2.7.5. Metal chelating activity

	2.8. Ex-vivo antioxidant and nephroprotection studies
	2.8.1. Inhibition of AAPH induced haemolysis in rat RBCs
	2.8.2. FeCl2-ascorbic acid stimulated lipid peroxidation in kidney homogenate
	2.8.3. Determination of total protein content in renal tissue

	2.9. Combretum micranthum extract's effect on glucose induced cytotoxicity in human embryonic kidney (HEK-293) cells
	2.9.1. Cell viability assay
	2.9.2. Cell morphological assessment

	2.10. Statistical analysis

	3. Results
	3.1. Systematic literature search report about ethnobotanical, pharmacological and phytochemical analysis of C. micranthum
	3.2. Determination of total phenolic, tannins and flavonoids compounds
	3.3. Infra-red analysis
	3.4. In-vitro steady-state antioxidant activity
	3.4.1. Determination of DPPH (1, 1-diphenyl-2-picryl hydrazyl) radical scavenging activity
	3.4.2. Reducing power assay
	3.4.3. Assay of nitric oxide scavenging activity
	3.4.4. Hydrogen peroxide scavenging activity
	3.4.5. Metal chelating activity

	3.5. Ex-vivo antioxidant and nephroprotection studies
	3.5.1. Inhibition of AAPH induced haemolysis in rat red blood cells (RBCs)
	3.5.2. Combretum micranthum extract's effect on FeCl2-ascorbic acid-induced lipid peroxidation on kidney homogenate

	3.6. Combretum micranthum extract's effect on glucose induced cytotoxicity in human embryonic kidney (HEK-293) cells

	4. Discussion
	Declarations
	Author contribution statement
	Funding statement
	Competing interest statement
	Additional information

	References


