See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/278790262

Phytochemical characterization and in vitro
wound healing activity of leaf extracts from
Combretum mucronatum...
Article in Journal of ethnopharmacology · June 2015
DOI: 10.1016/j.jep.2015.06.008 · Source: PubMed

CITATIONS

READS

4

149

7 authors, including:
Emelia Kisseih

Simone Brandt

University of Ghana

University of Münster

17 PUBLICATIONS 32 CITATIONS

14 PUBLICATIONS 19 CITATIONS

SEE PROFILE

SEE PROFILE

Christian Agyare
Kwame Nkrumah University Of Science and T…
92 PUBLICATIONS 373 CITATIONS
SEE PROFILE

Some of the authors of this publication are also working on these related projects:

Analysis of Bioactive Natural Compounds View project

Antiadhesive natural products against Helicobacter pylori View project

All content following this page was uploaded by Matthias Lechtenberg on 19 August 2015.

The user has requested enhancement of the downloaded file. All in-text references underlined in blue are added to the original document
and are linked to publications on ResearchGate, letting you access and read them immediately.

Journal of Ethnopharmacology ∎ (∎∎∎∎) ∎∎∎–∎∎∎

Contents lists available at ScienceDirect

Journal of Ethnopharmacology
journal homepage: www.elsevier.com/locate/jep

Phytochemical characterization and in vitro wound healing activity
of leaf extracts from Combretum mucronatum Schum. & Thonn.:
Oligomeric procyanidins as strong inductors of cellular differentiation
E. Kisseih a, M. Lechtenberg a, F. Petereit a, J. Sendker a, D. Zacharski a, S. Brandt a, C. Agyare b,
A. Hensel a,n
a
b

University of Münster, Institute for Pharmaceutical Biology and Phytochemistry, Corrensstraße 48, D-48149 Münster, Germany
Department of Pharmaceutics, Faculty of Pharmacy and Pharmaceutical Sciences, Kwame Nkrumah University of Science and Technology, Kumasi, Ghana

art ic l e i nf o

a b s t r a c t

Article history:
Received 31 March 2015
Received in revised form
28 May 2015
Accepted 7 June 2015

Ethnopharmacological relevance: Leaves from Combretum mucronatum Schum. & Thonn. are traditionally
used for wound healing in Western Africa. Aqueous and hydroalcoholic extracts of the dried leaves
recently have been shown to stimulate viability of human keratinocytes and dermal ﬁbroblasts.
Aim of the study: Phytochemical characterization of the herbal material, development of a validated HPLC
methodology for quality control, and pinpointing the underlying pharmacological mechanism under
in vitro conditions to understand the impact of C. mucronatum extracts on human skin cells.
Materials and methods: Extracts obtained from the leaves from C. mucronatum by using solvents with
different polarities (petrol ether, dichloromethane, ethanol–water 50%, water) were investigated
concerning phytochemical composition by GC–MS, LC–MS and in part after fractionation and isolation
of puriﬁed compounds. For quality control of the herbal material an ICH-2 validated UHPLC method was
developed for quantiﬁcation of the lead compounds epicatechin, procyanidin B2, vitexin and isovitexin.
In vitro studies were performed using HaCaT keratinocyte cell line, primary keratinocytes and primary
skin ﬁbroblasts with determination of viability (MTT assay), cell proliferation (BrdU incorporation ELISA),
cell toxicity (LDH release) and keratinocyte differentiation, using involucrin and keratin K10 as
differentiation marker (confocal laser scanning microscopy, Western blot).
Results: A detailed phytochemical composition analysis of the extracts from the leaves from C.
mucronatum was performed (compounds 1–34) and epicatechin, procyanidin B2, vitexin and isovitexin
are assessed to be the lead compounds of the polar extract. Quantitative UHPLC investigations indicated
mature leaves to have higher polyphenol content in comparison to young leaves. The drying process of
the plant material was shown to have great inﬂuence on the content of the lead compounds. The aqueous
extract (0.1–100 μg/mL) did not change cell viability of dermal ﬁbroblasts and keratinocytes but inhibited
cellular proliferation rates signiﬁcantly at 100 μg/mL. The extract stimulated cellular differentiation of
primary keratinocytes signiﬁcantly at 1 and 10 μg/mL. Procyanidin B2 at 1 and 10 mM was shown to be
responsible for the induction of this cellular differentiation, while epicatechin, and procyanidins B5, C1
and D1 were inactive.
Conclusion: The in vitro effects of the aqueous extract on the skin cells rationalized the remedial effect in
wound healing and possibly accounts for the reason why this plant may be widely used for this purpose.
On the basis of this study extracts from the leaves of C. mucronatum therefore have potential for the use
in wound healing.
& 2015 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction
A recent ethnopharmacological survey on African wound healing plants in Ghana reported widespread use of an aqueous and
hydroalcoholic extracts from the dried leaves of Combretum
mucronatum Schum. & Thonn. in traditional medicine (Agyare
et al., 2009). Target-oriented preclinical in vitro investigations

http://dx.doi.org/10.1016/j.jep.2015.06.008
0378-8741/& 2015 Elsevier Ireland Ltd. All rights reserved.
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indicated that these extracts stimulate cell viability of skin
keratinocytes and primary dermal ﬁbroblasts (Agyare et al., 2009).
C. mucronatum (syn. C. smeathmanii G. Don; C. ﬂoribundum Engl. &
Diels) from the family Combretaceae is a forest liane, widely distributed in the tropical climates of West Africa and especially in the
Savanna forest. The leaves of C. mucronatum are used in the form of
poultice, decoction or tincture extensively by Ghanaian and Nigerian
herbalists for the treatment of new and old wounds, boils, burns, fever,
guinea worm, malaria, septicemia, thrush, rheumatism and gonorrhea
(Ghana Herbal Pharmacopoeia, 1992; Sofowora, 1982). In recent
literature a methanol extract from the leaves of C. mucronatum was
shown to exert antibacterial activity against Streptococcus pyogenes,
Staphylococcus aureus, Pseudomonas aeruginosa, Bacillus cereus and
Bacillus subtilis (Ogundare and Akinyemi, 2011). Recent investigations
have also shown that C. mucronatum prevents scopolamine-induced
memory deﬁcit in mice due to its signiﬁcant anticholinesterase,
antioxidant and antidementic properties, which may be useful in the
management of Alzheimer's disease (Ishola et al., 2013)
Concerning the phytochemical composition of C. mucronatum
leaves the presence of vitexin and isovitexin has been documented, besides malic acid, glycolic acid, glyceric acid, betaine and
choline; the presence of tannins (not speciﬁed) has been reported
(Ghana Herbal Pharmacopoeia, 1992; Hutchings et al., 1996;
Oliver-Bever, 1960).
Due to the fact that C. mucronatum is widely used in Western
Africa for medical purposes but data on bioactivity and phytochemical aspects are limited, the following study aimed for a
detailed phytochemical investigation, the development of speciﬁc
quality control methods for identiﬁcation and quantiﬁcation
characterization of the herbal material and in vitro investigations
on the mode of action to determine how the extracts and isolated
compounds interact with human skin cells.

2. Materials and methods
2.1. Materials
For phytochemical and functional in vitro investigations, leaves
from C. mucronatum were harvested in April to May 2011 from the
Bosomtwi-Atwima-Kwahoma area in the Ashanti region of Ghana,
located between 0.15–2.251W and 5.50–7.461N. Plant material was
authenticated by Mr. Amponsah from the Ghana Herbarium, Department of Botany, University of Ghana. The herbal material was air
dried. Voucher sample (reference number IPBP 324) is deposited at
the Institute for Pharmaceutical Biology and Phytochemistry of
University of Münster, Germany.
For UHPLC analysis of different batches of leaf material, plant
material from C. mucronatum was harvested in November 2012
and August 2013 at different places in Ghana, Ashanti region
(Jachie, Genyase, Aputuogya, KNUST campus located at 61 360 N-11
44″ W, 61 39″ 00 N-11 360 00 W, 61 490 00″ N-11 21″ 00″ W and 61
690 N-11 62″ W respectively with voucher reference numbers IPBP
305, 306, 308, 311, 312, 315.
If not stated otherwise, solvents, reagents and consumables were
obtained from VWR (Darmstadt, Germany). Consumables for in vitro
cell culture were from PAA Laboratories (Pasching, Austria). Tissue
culture plastics were supplied by Sarstedt (Nümbrecht, Germany).

2.2. Tannin content
Tannin content was determined according European Pharmacopoeia
7.0 (2011), monograph 2.8.14 “Tannin content of herbal materials”.
Calculation was performed against pyrogallol (Merck, purity 99.5%,
HPLC) as reference compound.

2.3. Isolation of procyanidins
An amount of 2 kg of pulverized dried plant leaves of C. mucronatum was extracted in a Soxhlet apparatus in portions of 110 g with
petroleum ether for 11 h. The resulting extract was concentrated (yield
58.1 g, 2.9% w/w related to the dried plant material). The defatted
plant material was subsequentially extracted in portions of 100 g with
1 L of ethanol 50% for 5 min with rotor–stator extractor (Ultra-turrax,
Ika, Staufen, Germany) at 6000 rpm. After ﬁltration, the remaining
residue was further extracted two more times. The combined extracts
were concentrated under vacuum at 40 1C and lyophilized (yield 26.5%
w/w related to the defatted plant material).
An amount of 50 g of the extract was dissolved in 400 mL water
and partitioned repeatedly eight times with 400 mL of ethyl
acetate. The aqueous and the EtOAc phase were concentrated in
vacuo at 40 1C and lyophilized (yields: 55% rep. 21%, related to the
EtOH 50% extract).
Fractionation of the EtOAc phase (25 g in 40 mL of ethanol 96%)
was performed on Sephadex LH-20 (General Electric, Munich,
Germany). Column dimensions 70  55 cm, ﬂow rate 0.65 mL/min,
fraction size 25 mL, mobile phases EtOH 96% 14 L, MeOH 4 L,
acetone–water 70:30 2 L. TLC investigation (mobile phase water:
formic acid:EtOAc 5:5:90 v/v/v, stationary phase silica gel G60
(VWR, Darmstadt, Germany) of fractions was performed by Naturstoff reagent (diphenylboryloxyethylamin, 1% in MeOH) and vanillin/
HCl spray reagent. Procyanidin-containing fractions were further
puriﬁed by preparative HPLC on RP18 HypersilsODS 250  16 mm
(Hypersils Dreieich, Germany) using acetonitrile–water gradient at
10 mL/min ﬂow rate. Compound 2 was obtained in yields of 63 mg,
compound 3 with 17 mg, compound 4 yielded 111 mg. Compound 5
was obtained in yields of 43 mg by preparative HPLC on Polaris C8AsODS 250  21 mm (Metachem, CA, USA) using an acetonitrile–
water gradient at 10 mL/min ﬂow rate. Compound 1 (26 mg) was
obtained by ﬂash liquid chromatography on RP18 25–40 μm, 44 mL
stationary phase (Götec-Labortechnik, Bickenbach, Germany) on a
SPOT liquid chromatography ﬂash instrument (Armen, Saint-Ave,
France) using an acetonitrile–water gradient at 5 mL/min ﬂow rate.
Characterization of compounds 1–5 was performed by ESI-MS,
1
H-NMR and CD spectroscopy of the peracteylated derivatives as
described by Bicker et al. (2009) and Louis et al. (2010) and the
literature cited there.
2.4. LC-MS for screening on combretastatins
UHPLCs Dionex Ultimate 3000 RS (stationary phase Dionex
Acclaim RSLC 120, C18, 2.1  100 mm, 2.2 mm, with EXP Guard
Column 3  5 mm C18, 1.8 mm); QTOF-mass spectrometer Bruker
micrOTOF-QII, Bruker Apollo electrospray ionization source (Bruker,
Bremen, Germany); software HyStar Chromaeleon PlugIn (HPLC), ESI
Compass, micrOTOF control (MS), Bruker Daltonics Data Analysis.
High Precision Calibration, calibrant 10 mM sodiumformate in 50%
isopropanol; mobile phase: gradient HCOOH/Water and ACN/water.
2.5. UHPLC for quantiﬁcation of lead compounds from the EtOH 50%
extract
Instrumentation: Acquity™ UPLC, PDA eλ Detector, Quaternary
Solvent Manager, Acquity UPLC H-Class manager, Sample Manager
FTN Acquity UPLC, Milford, U.S.A. Stationary Phase: Acquity UPLCs
HSS T3, 1.8 mm, C18 2.1  100 mm (Waters, Milford, U.S.A.). Mobile
phase: A: HCOOH (0.1%) in water, B: HCOOH (0.1%) in ACN;
gradient: t0 min A 98%, t1 min A 90%, t2 min A 90%, t4 min A 85%,
t10 min A 85%, t11 min A 0%, t12 min A 98%, t13 min A 98%; ﬂow 0.5 mL/
min; injection volume 1 mL; column temperature 40 1C; detection
λ 210–400 nm. Reference standards ( 497% HPLC) for external
calibration: epicatechin (Sigma-Aldrich, Taufkirchen, Germany),
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isovitexin, vitexin (Roth, Karlsruhe, Germany) and procyanidin B2
(Derksen et al., 2014). Reference solutions of epicatechin, vitexin
and isovitexin were made by dissolution in methanol while
procyanidin B2 was dissolved in ACN–water (5:95) at concentrations of 0.4, 0.2, 0.1, 0.05 and 0.025 mg/mL.
2.6. GC–MS analysis of BSTFA-TMS-silylated petroleum ether and
CH2Cl2 extract for phytochemical characterization
A volume of 1 mL of the silylation-mixture was analyzed in a
6890 N GC System with Agilent 5973 mass selective detector, single
quad. (Agilent Technologies, Santa Clara, C.A., U.S.A.). Mobile phase:
He; stationary Phase: HP-5MS (30 m  0.25 mm  0.25 mm); temp.
gradient: 100 1C (1 min, isothermal) to 250 1C (12 1C/min), to 300 1C
(3 1C/min), 300 1C (4 min isothermal). EI-70 eV; SCAN mode. Derivatization (Knapp, 1979) of 2 mg petroleum ether and CH2Cl2
extract was performed with 20 mL pyridine, 60 mL BSTFA (Machery
& Nagel) and 20 mL TMS (Machery & Nagel) and heating of the
mixture in a sealed vial at 60 1C for 2 h. MS-spectra were analyzed
by using NIST02 database and further veriﬁcation of compounds
was made by spiking experiments with the respective reference
standards (in cases were those were available).
2.7. Methods of cell biology
For functional testing a water extract was used. Test solutions
from C. mucronatum leaves were obtained by extraction of 1.0 g of
pulverized plant material with 10 mL of water by sonication for
15 min. The suspension was centrifuged at 6000  g for 10 min.
The clear supernatant was collected and the remaining residue
was extracted again with another 10 mL of solvent. The combined
extracts were concentrated under vacuum at 4 1C and lyophilized
with yields of 18.6% w/w relative to the dried plant material.
Primary natural human epidermal keratinocytes (pNHEK) and
dermal ﬁbroblasts (pNHDF) were isolated and cultivated from human
skin resectates as described by Zippel et al. (2009), Zippel et al.
(2010), Deters et al. (2010). Primary ﬁbroblasts (pNHDF) were
obtained from surgical resectates of various Caucasian subjects.
Approvals of the studies were made by the local ethical committee
of University of Münster (2006-117-f-S). After skin decontamination
pNHEK were isolated according Zippel et al., (2010). For isolation of
pNHDF the dermis was washed with PBS and incubated for 2–3
weeks in cell culture ﬂasks with ﬁbroblast growth medium (MEM
high glucose without glutamin, FCS (10%) and L-glutamin (1%),
penicillin–streptomycin (1%); all compounds for media from PAA
(Pasching, Austria). Fibroblasts growing out from the tissue formed
typical monolayers on the ﬂask, from which cells were isolated and
used for further passages. The investigations with pNHDF were
carried out with cells of the 2nd to 6th passage. Submers cultivation
of cells was performed at 37 1C, 5% CO2. Before incubation with test
compounds cells were directly adapted to serum-free medium (MEM
high glucose, SerEx (10%), L-Glutamin (1%), PAA; Pasching, Austria).
HaCaT keratinocytes were kindly provided by Prof. Fusenig (Heidelberg, Germany). In vitro testing was performed concerning mitochondrial activity by MTT assay (Mosmann, 1983), BrdU incorporation
ELISA for cellular proliferation (Porstmann et al., 1985), testing for
necrotic cell death via LDH release assay (Deters et al., 2005) and cell
migration (scratch) assay according Spurzem et al. (2002).
Inﬂuence of test extracts on collagen formation of pNHDF was
performed by ELISA according Agyare et al. (2011).
2.8. Inﬂuence of extracts from C. mucronatum leaves on skin cell
physiology
Cellular differentiation in pNHEK was investigated by immunoﬂuorescence microscopy (confocal laser scanning microscope,
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CLSM) and Western Blot analysis for the differentiation speciﬁc
markers involucrin and cytokeratin K10.
2.8.1. CLSM for analysis of cellular differentiation
Primary antibody: mouse monoclonal anti-involucrin (Neomarkers, Fremont, CA, U.S.A.) (test dilution 1:100) and rabbit polyclonal anti-cytokeratin 10 (Abcam, Cambridge, UK) (test dilution
1:750); Secondary antibody: Alexa Fluor 488 anti-mouse IgG,
2 mg/mL (Life Sciences, Carlsbad, U.S.A.) (test dilution 1:300) and
Alexa Fluor 594 anti-rabbit IgG, 2 mg/ mL (Life Sciences, Carlsbad,
U.S.A.) (test dilution 1:300).
pNHEK were seeded at a density of 2  104 cells in 8 well imaging
chambers in 500 mL Celloneer medium (PAA, Pasching, Austria) and
passaged until sub-conﬂuence. The medium was aspirated off, and
cells were washed with 500 mL of PBS and incubated with test
extracts/substances for 7 days (1 and 10 μg/mL). CaCl2 (2 mM) was
used as positive control and MCDB complete medium (Biochrom,
Berlin, Germany) served as the negative control. After incubation
with the test substances, cells were washed with 500 mL of PBS and
ﬁxed with 500 mL of formaldehyde at room temperature for 15 min
(formaldehyde was diluted 1:4 in PBS). The ﬁxative was aspirated
and cells rinsed three times with PBS for 5 min each. For permeabilization 500 mL of ice cold methanol was added and the cells kept
at  20 1C for 10 min. Slides were then blocked with 100 mL of Ultra
V block Thermo Scientiﬁc, Runcorn, UK) to reduce nonspeciﬁc
background staining during handling. Primary antibody (100 mL)
was added and the cells were incubated over night at 4 1C. The
primary antibody was removed and the cells were then probed with
100 mL of secondary antibody at room temperate for 45 min while
protected from light. The cells were rinsed three times with 500 mL
of PBS for 5 min each and 100 mL of 1 mg/mL DAPI (Sigma-Aldrich,
Steinheim, Germany) for 3–5 min. The cells were washed for three
times. The chamber slips were then removed with the aid of forceps
and mounted on glass slides. The edges were sealed and slides were
stored at 4 1C, protected from light until documentation. Images
were recorded with a Leica TCS SP2 Fluorescence microscope (Leica,
Mannheim, Germany).
2.8.2. Immunoblot assay for halfquantitative detection of involucrin
and cytokeratin 10
Primary antibody: mouse monoclonal anti-involucrin (Neomarkers,
Fremont, CA, U.S.A.) (test dilution 1:200), rabbit monoclonal anti-CK10
(Abcam, Cambridge, UK) (test dilution 1:20,000) and mouse monoclonal anti-β-actin (Sigma-Aldrich, St. Louis, USA); Secondary antibody: anti-mouse Ig HRP (Rockland, Gilbertsville, USA), goat antirabbit IgG (Jackson ImmunoResearch, Baltimore Pike, USA), antimouse.
pNHEK were seeded at a cell density of 3  105 in 25 cm2 tissue
culture ﬂasks in 4 mL of Celloneer medium CM (PAA, Pasching,
Austria) and passaged for 48 h until they reached a conﬂuence of
about 70%. Cells were washed with 4 mL of PBS and incubated with
test solutions. MCDB complete (Biochrom, Berlin, Germany) was
used as the negative control and 2 mM and 1.2 mM CaCl2 were used
as positive controls. To induce cellular differentiation increased cell
density at 6  106 cells per ﬂask was used. After incubation for 48 h,
the test solutions (0.01–1 μg/mL) were aspirated and replaced with
MCDB complete medium and incubated for 7 or 8 days. After
incubation the medium was aspirated and the cells washed with
4 mL of PBS. 500 mL of trypsin was used to trypsinize the cells for
7 min. The trypsin was neutralized with 375 mL of CM. Cells were
scrapped, transferred into 2 mL reaction tubes and centrifuged for
5 min at 14,000  g. The supernatant was removed and the cell
pellet was washed with 1 mL of PBS and centrifuged again. The cell
pellet was suspended in 75 mL of RIPA lysis buffer (HEPES 5 mM,
NaCl 10 mM, deoxycholate 1% w/v, Nonidet P40 1% w/v, sodium
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Table 1
Compounds 1–35 isolated (n) or identiﬁed (#) by chromatographic methods from the leaves from C. mucronatum. 1–7 originate from the EtOH 50% and aqueous extract, 8–20
were identiﬁed from the petrol benzene extract and 21–34 were identiﬁed from the methanol-soluble part of the CH2Cl2 extract; þidentiﬁed from the petroleum ether
extract; § identiﬁed from the petroleum ether extract after silica gel chromatography; #: identiﬁed as trimethylsilyl esters after BSTFA silylation. 1, 2, 6 and 7: lead
compounds for extract quantiﬁcation.
No.

Compound

Identiﬁcation

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
26
23
24
25
27
32
28
29
30
31
33
34

(-)-Epicatechinn
Epicatechin-(4β-8)-epicatechin (procyanidin B2)n
Epicatechin-(4β-6)-epicatechin (procyanidin B5)n
Epicatechin-(4β-8)-epicatechin-(4β-8)-epicatechin (procyanidin C1) n
Epicatechin-(4β-8)-epicatechin-(4β-8)-epicatechin-(4β-8)-epicatechin (procyanidin D1)n
Vitexin
Isovitexin
Tetradecanoic acid (syn. Myristic acid) þ
Hexadecanoic acid (syn. Palmitic acid) þ§
9-Hexadecenoic acid (syn. Palmitelaidic acid)þ
Heptadecanoic acid (syn. Margaric acid) þ
Octadecanoic acid (syn. Stearic acid) þ §
9-Octadecenoic acid (syn. Oleic acid) þ§
9,12-Octadecadienoic acid (syn. Linoleic acid) þ §
9,12,15-Octadecatrienoic acid (α-Linolenic acid) þ
Eicosanoic acid (syn. Arachidic acid) þ
Squalene þ §
Heptacosaneþ
Hexanedioic (Adipic) acid bis (2-ethyl hexyl) esterþ
Cyclodecane þ
Diethylene glycol
Glycerol
Butanal
Propanoic acid
Butanedioic acid
Malic acid
4-Aminobutyric acid
3,4-Dihydroxybenzoic acid (syn. Protocatechuic acid)
2,3,4-Trihydoxybutyric acid (syn. Threonic acid)
Arabinonic acid
Xylitol
Ribitol
Mannitol
Inositol

UV, MS, 1H-NMR, CD
UV, MS, 1H-NMR, CD
UV, MS, 1H-NMR, CD
UV, MS, 1H-NMR, CD
UV, MS, 1H-NMR, CD
UHPLC, spiking with reference standard, LC–MS, UV
UHPLC, spiking with reference standard, LC–MS, UV
GC–MS#
GC–MS#, spiking with reference standard
GC–MS#
GC–MS#
GC–MS#, spiking with reference standard
GC–MS#, spiking with reference standard
GC–MS#, spiking with reference standard
GC–MS#
GC–MS#
GC–MS#, spiking with reference standard
GC–MS#, spiking with reference standard
GC–MS#
GC–MS#
GC–MS#
GC–MS#
GC–MS#
GC–MS#
GC–MS#
GC–MS#, spiking with reference standard
GC–MS
GC–MS
GC–MS
GC–MS
GC–MS, spiking with reference standard
GC–MS, spiking with reference standard
GC–MS, spiking with reference standard
GC–MS, spiking with reference standard

dodecyl sulfate 0.1% w/v, protease inhibitor tablet) and incubated on
ice for 20 min to lyse cells and solubilize proteins. The mixture was
then centrifuged for 20 min/4 1C and cell lysates were stored at
80 1C for protein content determination and SDS-PAGE (Laemmli,
1970) using a 10% acrylamide gel at 150 V, 45 min. Blotting on
nitrocellulose membranes (GE Healthcare, Buckinshire, U.K.) was
performed at 10 V for 45 min.
2.9. Statistical analysis
Data represent the means7SD of at least three independent
experiments. Statistical analysis for experiments with nZ3 was performed by one way analysis of variance (one way ANOVA) and t-test.

3. Results and discussion
3.1. Phytochemical characterization of ethanol 50% extract from the
dried leaves of C. mucronatum
Dried leaves of C. mucronatum (2 kg) were defatted with petroleum ether (extract yield 2.9% w/w, related to the dried plant
material), followed by extraction with ethanol 50% (extract yield
26.5% relative to the defatted plant material). The extract was
partitioned between ethyl acetate (yield 21% related to EtOH 50%
extract) and water (55% yield related to the EtOH 50% extract). As
shown by TLC studies with vanillin/HCl as detection reagent for
proanthocyanidins, the EtOAc extract was enriched with ﬂavan-3-ols
and low molecular weight proanthocyanidins while the water extract

contained oligomeric proanthocyanidins of higher molecular weight.
Subsequently the EtOAc extract was chromatographed on Sephadexs
LH-20 using a step gradient of EtOH 96%, MeOH and an acetone–
water (7:3) mixture. Fractions obtained were further puriﬁed by low
pressure ﬂash RP18 chromatography and preparative HPLC. Compound 1 was identiﬁed by UV-spectroscopy, ESI-MS, CDspectroscopy and 1H-NMR as epicatechin (Table 1). Structure elucidation of procyanidins 2–5 was performed by UV, high resolution
ESI-MS, CD-spectroscopy and 1H-NMR as the peracetates of the
dimeric procyanidin B2 (compound 2, epicatechin-(4β-8)-epicatechin), as the dimeric procyanidin B5 (compound 3, epicatechin-(4β6)-epicatechin), as the trimeric procyanidin C1 (compound 4, epicatechin-(4β-8)-epicatechin-(4β-8)-epicatechin) and as the tetrameric procyanidin D1 (compound 5, epicatechin-(4β-8)epicatechin-(4β-8)-epicatechin-(4β-8)-epicatechin) (Table 1).
UHPLC analysis of the crude EtOH 50% extract and subsequent
spiking experiments with the respective reference standards and
LC–MS investigations revealed the presence of vitexin (compound
6, 6-β-D-glucopyranosyl-apigenin) and isovitexin (compound 7, 8β-D-glucopyranosyl–apigenin).
The EtOH 50% extract was screened by high-resolution LC-ESI-MS for
the presence of combretastatins in the mass range of m/z 280–360 Da.
Besides epicatechin, no signiﬁcant peak was detected in this range.
To obtain additional insight into the phytochemical composition
of lipophilic compounds from C. mucronatum the petroleum ether
extract was further analyzed by GC–MS. No relevant peaks were
obtained in this experiment; therefore silylation with BSTFA/TMS/
pyridine of the extract was performed. Evaluation of the respective
MS-spectra with NIST02 data base and speciﬁc spiking experiments
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Fig. 1. Representative UHPLC chromatograms of the EtOH 50% extract from leaves of C. mucronatum (1 g, extracted 5 times and extract dissolved in 100 mL of ethanol 50%, λ
280 nm). 1. Procyanidin B2 (3.57 min), 2. Epicatechin (4.02 min), 3. Vitexin (6.56 min), 4. Isovitexin (6.94 min).

revealed the presence of palmitic acid (9), oleic acid (13), linoleic
acid (14), stearic acid (12) and squalene (17). Further fractionation of
the petrol ether extract on a preparative scale on silica gel, followed
by GC–MS investigation of the respective BSTFA/TMS/pyridine silyl
ethers revealed the presence of compounds 14–21, identiﬁed by the
respective MS spectra.
Within a further GC–MS investigation a CH2Cl2 extract was
prepared from the leaves of C. mucronatum and the methanol
soluble fraction of this extract was derivatized by silylation with
BSTFA/TMS/pyridine followed by GC–MS analysis. Table 1 indicates
the presence of compounds 22–34.
3.2. Quantitative UHPLC investigation of EtOH 50% extract from C.
mucronatum leaves and batch analysis
A UHPLC method was developed for the identiﬁcation and
quantiﬁcation of relevant lead components (epicatechin, procyanidin
B2, vitexin and isovitexin) of an aqueous and the EtOH 50% extract
from the leaves of C. mucronatum. In principle 1 g of the powdered
and classiﬁed plant material (1 mm sieve aperture) was extracted for
5 times with 50 mL of EtOH 50%. The need for 5 subsequent
extractions has been evaluated in systematic preexperiments, leading
to490% extraction of the relevant lead compounds. Quantiﬁcation of
the lead compounds vitexin, isovitexin, epicatechin and procyanidin
B2 was performed by external standard calibration against the
respective reference standards. Fig. 1 displays a typical chromatogram.
The method was validated according to the ICH-Q2 Guidelines (1996).
Speciﬁty and selectivity for the 4 analytes was ensured by spiking
experiments with the reference standards and LC–MS investigation of
the relevant peaks. Stability of the analytes procyanidin B2, epicatechin and vitexin in the test solution was proven over a 48 h period of
the extracts under experimental conditions. Linearity of the calibration curves for the reference compounds was determined to be within
the concentration range of 0.4–0.025 mg/mL for epicatechin
(r2 ¼0.9991), vitexin (r2 ¼0.9978), isovitexin (r2 ¼ 0.9994) and that
for procyanidin B2 (r2 ¼0.9888) (Supplementary data, Fig. S1). Limit of
detection was determined as 12.5 μg/mL for procyanidin B2, epicatechin and vitexin and the limit of quantitation was 37.5 μg/mL.
Instrument precision (relative standard deviation) was determined to

be 70.79% for epicatechin, 71.06% for procyanidin B2 and 71.07%
for vitexin. Repeatability of the analytical method (intra-assay precision) was determined with double injections of 6 independent
sample preparations from the same plant material. The six measurements gave a percentage standard deviation of 73.32%, 72.13% and
71.00% for procyanidin B2, epicatechin and vitexin respectively. For
determination of the robustness of the method (reliability of an
analytical procedure with respect to variations in method parameters
or variations under experimental conditions) central chromatographic
parameters (column temperature, ﬂow rate) of the UPLC method
were altered. Both parameters inﬂuenced the quantitative results to a
certain extent (o0.2–6%), indicating that both parameters should be
monitored strictly during the chromatographic process. The accuracy
and recovery of the UHPLC method for the estimation of epicatechin,
procyanidin B2, vitexin and isovitexin were determined by comparing
the slope of the respective calibration curves to that of the calibration
curve plus matrix in percentage. These were estimated to be 100%,
108%, 67% and 125% respectively for epicatechin, procyanidin B2,
vitexin and isovitexin (Supplementary data, Fig. S2). The low recovery
of vitexin indicates that the matrix has a diminishing effect on the
quantiﬁcation of vitexin while the high recovery of isovitexin shows
an enhancing effect. This will need to be taken into account during
analysis since this can cause over- or underestimation of the analytes.
This could likely be due to interference of non-analyte constituents of
the test solution due to physical or chemical interaction of the analyte
with other components of the matrix or co-eluting matrix components, which are not observed in the chromatogram. Summarizing
these data validate quantiﬁcation of leaf extracts from C. mucronatum
by the here described UPLC method.
For batch analysis, leaves from C. mucronatum from different
origins, but all from Ashanti region in Ghana, were investigated and
the content of epicatechin, procyanidin B2 and vitexin were
determined. It has to be mentioned that at this stage of the
experiments isovitexin has not been quantiﬁed in the test solutions
because of the lack of reference material. As shown in Fig. 2 all four
samples displayed a comparable proﬁle with procyanidin B2 as
main component (1.6–3.4%, related to the dried material, mean
2.4%), followed by epicatechin (0.6–1.3%, mean 0.9%) and vitexin
(0.10–0.29%, mean 0.25%).
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Fig. 2. Content of epicatechin, procyanidin B2, and vitexin (%, w/w) related to dried
leaves from C. mucronatum harvested from four different locations within the
Ashanti Region of Ghana and analyzed by UHPLC (n¼ 2 replicates from each
sample).
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Fig. 3. Inﬂuence of drying temperature of the leaves of C. mucronatum (harvested
from Gyenyase in the Ashanti Region of Ghana) on the content [% w/w] of
procyanidin B2, epicatechin and vitexin. Samples were either air dried at room
temperature or dried at 60 1C and analyzed by UHPLC (n¼ 2 replicates from each
sample).
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Fig. 5. Inﬂuence of aqueous extract from the leaves of C. mucronatum on in vitro
cell physiology of HaCaT kerationcytes treated with 0.1, 1, 10, 50 and 100 mg/mL
over a 48 h incubation period; (A) Cell viability by MTT assay; (B) Cellular
proliferation by BrdU incorporation ELISA. Bars represent relative standard deviation with n¼ 10; results originate from three independent experiments with 10
technical replicates. nnnp o 0.001 compared to the negative control. UC: Untreated
control, PC: Positive control (5% FCS for viability test).

As procyanidins are assessed to be responsible for the wound
healing activity of the extracts, mature leaves should be used for
preparation of extracts.
To investigate the inﬂuence of different extraction solvents on the
composition of the extracts comparative studies were performed
with an aqueous and the ethanol 50% extract. Interestingly no
signiﬁcant differences concerning the quantities of procyanidin B2,
epicatechin, isovitexin and vitexin were observed (data not shown).
3.3. Inﬂuence of extracts from C. mucronatum leaves on skin cell
physiology

Fig. 4. Inﬂuence of the maturity of plant material on the content of procyanidin B2,
epicatechin, vitexin and isovitexin (% w/w). Samples were either young or mature
air dried leaves from C. mucronatum (n¼ 2 replicates from each sample).

To investigate the inﬂuence of different drying protocols, plant
material was either dried at room temperature or at 60 1C. As
shown in Fig. 3 elevated temperature decreases the content of
procyanidin B2, epicatechin and vitexin strongly. Therefore elevated temperatures during drying should be avoided.
Because polyphenols are known be formed during plant
development to different extents at different developmental
stages (Hellenbrand et al., In press) extracts from young leaves of
C. mucronatum were compared to preparations obtained from
mature leaves from the same plant origin. As displayed in Fig. 4
young leaves had a different compound proﬁle with diminished
procyanidin B2 content, but strongly enhanced vitexin content.

For investigation of the inﬂuence of C. mucronatum on skin cell
physiology, an aqueous extract was prepared from the leaf
material. The use of an aqueous extract and not of the EtOH 50%
extract (as reported in the previous chapters) is justiﬁed because
of the traditional use of water as extraction solvent by the
indigenous healers. On the other side, quantitative analytical
investigation of the aqueous extract (herb-extract-ratio 1:6.5,
tannin content according to European Pharmacopoeia 13 71.3%
w/w) by UHPLC identiﬁed the same 4 lead compounds in the same
concentrations as found for the ethanolic extract.
Using HaCaT keratinocyte cell line, an immortalized, but nontumorigenic skin cell line, it was shown that the aqueous extract had
only minor inﬂuence on the cell energy status as determined by MTT
assay (Fig. 5A). In contrast cellular proliferation was signiﬁcantly
inhibited at higher extract concentrations (50, 100 μg/mL) as determined by BrdU incorporation ELISA (Fig. 5B). No signiﬁcant inﬂuence
of the extract on the cells was observed in LDH assay, indicating the
absence of any necrotic toxicity (data not shown). Similar results
were obtained by using the EtOH 50% extract and during experiments with human primary keratinocytes (natural human epidermal
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Fig. 6. Inﬂuence of 1 and 10 mg/mL of aqueous extract of C. mucronatum leaves on the expression of differentiation-speciﬁc involucrin in pNHEK after 7 days treatment, as
determined by confocal laser scanning microscopy. (A) negative control (untreated cells), (B) positive control (CaCl2 2 mM), (C) aqueous extract (1 mg/mL) and (D) aqueous
extract (10 mg/mL). Images are representative of two experimental results.

keratinocytes, pNHEK), isolated from human skin resectates (data not
shown). From these data it was deduced that the extract did not
change the mitochondrial energy status of the cells, but inhibited the
cellular proliferation, indicating that the cellular energy production is
triggered not into mitotic cell division, but into cellular differentiation; this means that the cell cycle gets interrupted and proliferation
is stopped. To prove this hypothesis the inﬂuence of the extract on
two typical markers of keratinocytes differentiation, involucrin and
cytokeratin K10, was monitored in pNHEK. In an initial experimental
setup immunoﬂuorescence staining for both protein markers and
detection by confocal laser scanning microscopy was used. As shown
in Fig. 6 the aqueous extract at 1 and 10 μg/mL evoked a dosedependent increase of differentiation-speciﬁc involucrin in NHEK
after 7 days of cultivation. Also cytokeratin K10 was expressed and
accumulated in the cells to a much higher extent compared to the
untreated control (Fig. 7).
Using lower concentrations of the aqueous extract (0.01–1 μg/mL)
for a 24 h stimulus on NHEKs, followed by 6 days cultivation of cells
in basal medium, Western blot indicated stronger expression of
differentiation-speciﬁc cytokeratin, but not of involucrin (Fig. 8A).
Because procyanidins have been reported recently to evoke skin
cell activity (Deters et al., 2001) the lead compounds epicatechin
and procyanidin B2 from the aqueous extract were investigated
concerning their inﬂuence on the keratinocytes. Epicatechin did not
have any signiﬁcant inﬂuence on cell viability, cellular proliferation

and cellular differentiation (detection of involucrin and cytokeratin
K10 by immunoﬂuorescence and Western blotting, data not
shown). Procyanidin B2 at 0.17–172 μM did not inﬂuence the cell
viability, but strongly decreased at higher concentrations the
cellular proliferation. As could be expected differentiation assay
by Western blotting indicated strong induction of involucrin and
cytokeratin K10 formation at 10 and 100 μM (Fig. 8B). This ﬁnding
was also conﬁrmed by immunoﬂuorescence during CLSM.
For detailed structure–activity relations other oligomeric procyanidins 3–5 isolated from C. mucronatum were investigated concerning their potential inﬂuence on keratinocyte differentiation. No
effects were found for procyanidin B5 in MTT and proliferation assay
on keratinocytes, and also the cellular differentiation was not
signiﬁcantly induced. This ﬁnding seems to be interesting because
procyanidin B2 and B5 differ only in the interﬂavan linkage between
both building blocks. This clearly indicates a crucial inﬂuence of the
molecular shape of the dimers on the interaction with the potential
molecular cellular target; unspeciﬁc astringent “tannin-like” effects,
as known for dimeric proanthocyanidins can therefore be excluded,
indicating a more or less speciﬁc protein target.
Also the trimeric procyanidin C1 did not induce cellular differentiation, while in higher concentrations potential cell toxicity was observed.
Similar ﬁnding were recorded for the tetrameric procyanidin D1.
Additionally the inﬂuence of the aqueous extract (0.01, 0.1,
1 and 10 μg/mL) on the in vitro migration of pNHEK and pNHDF
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Fig. 7. Inﬂuence of aqueous extract of C. mucronatum leaves (1 and 10 mg/mL) on the expression of differentiation-speciﬁc cytokeratin 10 in pNHEK after 7 days treatment, as
determined by confocal laser scanning microscopy. (A) negative control (untreated cells), (B) positive control (CaCl2 2 mM), (C) aqueous extract (1 mg/mL) and (D) aqueous
extract (10 mg/mL). Images are representative of two experimental results.
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Fig. 8. Inﬂuence of aqueous extract of C. mucronatum leaves (0.01, 0.1 and 1 μg/mL) (A) and procyanidin B2 (0.1–10 μM) (B) on the expression of differentiation-speciﬁc involucrin and
cytokeratin 10 in pNHEK after 48 days treatment and further incubation in basal medium for 6 days. NC: negative control (untreated cells); cell at high cell density undergoing self-regulated
contact inhibition and CaCl2 (1.2 mM) served as positive controls. Western blot was probed with anti-cytokeratin and anti-involucrin antibodies; β-actin served as loading control.

within scratch assay was investigated: in all cases no signiﬁcant
inﬂuence of the extract was observed. Also no effect of the extract
(0.1–100 μg/mL) and of the isolated epicatechin and procyanidins
was observed on the collagen formation from pNHDF.

4. Conclusion
The in vitro effects of the aqueous extract on the skin cells
rationalized the remedial effect in wound healing and possibly
accounts for the reason why this plant may be widely used for this

purpose. On the basis of this study extracts from the leaves of C.
mucronatum therefore have potential for the use in wound healing.
Although proanthocyanidins are well known for wound healing
activity this is the ﬁrst report that these compounds trigger skin
cells speciﬁcally into terminal cellular differentiation, which does
not seem to be due to unspeciﬁc astringent effects against keratinocytes surface proteins, but may be based on speciﬁc interaction of
procyanidin B2 towards cell-cycle regulating proteins. Further
studies for pinpointing the underlying mechanisms are in progress.
From the phytochemical point of view hydrophilic extract from the
leaves of C. mucronatum can be characterized by the presence of
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ﬂavan-3-ols with epicatechin as lead compound, ﬂavon glycosides
with vitexin and isovitexin as lead compounds and a series of
oligomeric procyanidins with epicatechin-(4β ) 8)-epicatechin as
lead compound and suitable for quantiﬁcation of extracts.
Acknowledgment and statement
Financial support of E.K by the German Exchange Ofﬁce,
Deutscher Akademischer Austauschdienst (DAAD) (A/10/98528)
is greatly acknowledged. The study has been ﬁnanced by intramural grants from University of Münster, Germany (Internal grant
Institute for Pharmaceutical Biology and Phytochemistry). The
authors declare no conﬂict of interest.
Appendix A. Supplementary information
Supplementary data associated with this article can be found in
the online version at doi:10.1016/j.jep.2015.06.008.
References
Agyare, C., Asase, A., Lechtenberg, M., Niehues, M., Deters, A., Hensel, A., 2009. An
ethnopharmacological survey and in vitro conﬁrmation of ethnopharmacological use of medicinal plants used for wound healing in Bosomtwi-AtwimaKwanwoma area, Ghana. J. Ethnopharmacol. 125, 393–403.
Agyare, C., Deters, A., Lechtenberg, M., Petereit, F., Hensel, A., 2011. Ellagitannis from
Phyllanthus muellerianus (Kuntze) Exell: inﬂuence on cell physiology of human
skin keratinocytes and dermal ﬁbroblasts. Phytomedicine 18, 617–624.
Bicker, A., Petereit, F., Hensel, A., 2009. Proanthocyanidins and a phloroglucinol
derivative from Rumex acetosa L. Fitoterapia 80, 483–495.
Derksen, A., Hensel, A., Hafezi, W., Herrmann, F., Schmidt, T.J., Ehrhardt, C., Ludwig,
S., Kühn, J.E., 2014. 3-O-galloylated procyanidins from Rumex acetosa L. inhibit
the attachment of inﬂuenza A virus. PLoS One 9 (10), e110089.
Deters, A., Dauer, A., Schnetz, E., Fartasch, M., Hensel, A., 2001. High-molecular
products (proanthocyanidins and polysaccharides) from Hamamelis bark:
inﬂuence on human keratinocyte proliferation and differentiation. Phytochemistry 58, 949–958.
Deters, A., Zippel, J., Hellenbrandt, N., Possemeyer, C., Hensel, A., 2010. Aqueous
extracts and polysaccharides from marshmallow roots (Althea ofﬁcinalis L.):
cellular internalisation and stimulation of cell physiology of human epithelial
cells in vitro. J. Ethnopharmacol. 127, 62–69.

Deters, A.M., Schröder, K.R., Smiatek, T., Hensel, A., 2005. Ispaghula (Plantago ovata)
seed husk polysaccharides promote proliferation of human epithelial cells (skin
keratinocytes and ﬁbroblasts) via enhanced growth factor receptors and energy
production. Planta Med. 71, 33–39.
European Pharmacopoeia 7.0. 2011. Monograph 2.8.14: Tannin content of herbal
materials Deutscher Apotheker Verlag, Stuttgart, Germany.
Ghana Herbal Pharmacopoeia. 1992. ﬁrst ed. The Advent Press, Accra. pp. 59–62.
Hellenbrand, N., Lechtenberg, M., Petereit, F., Sendker, J., Hensel, A., 2015. Isolation
and quantiﬁcation of oligomeric and polymeric procyanidins in the aerial parts
of St. John's Wort (Hypericum perforatum L.). Planta Med..
Hutchings, A., Scott, A.H., Lewis, G., Cunningham, A., 1996. Zulu Medicinal Plants,
An Inventory. University of Natal Press, Pietermaritzburg, South Africa p. 215.
ICH-Q2 Guidelines: International Conference on Harmonization of Technical
Requirements for Registration of Pharmaceuticals for Human Use; ICH Harmonized Tripartite Guideline; Validation of Analytical Procedures: Text and
Methodology Q2(R1); Finalised Guidelines: October 1994/November 1996.
Ishola, I.O., Adeyemi, O.O., Agbaje, E.O., Tota, S., Shukla, R., 2013. Combretum
mucronatum and Capparis thonningii prevent scopolamine-induced memory
deﬁcit in mice. Pharm. Biol. 51, 49–57.
Knapp, D.R., 1979. Handbook of Analytical Derivatization Reactions. John Wiley &
Sons, New York, pp. 9–10.
Laemmli, U.K., 1970. Cleavage of structural proteins during the assembly of the
head of bacteriophage T4. Nature 227, 680–685.
Louis, A., Petereit, F., Lechtenberg, M., Deters, A., Hensel, A., 2010. Phytochemical
characterization of Rhododendron ferrugineum L.and in vitro assessment of an
aqueous extract on cell toxicity. Planta Med. 14, 5550–5557.
Mosmann, T., 1983. Rapid colorimetric assay for cellular growth and survival: application
to proliferation and cytotoxicity assays. J. Immunol. Methods 65, 55–63.
Ogundare, A.O., Akinyemi, A.I., 2011. Phytochemical and antibacterial properties of
Combretum mucronatum (Schumach) leaf extract. Afr. J. Microbiol. Res. 5818,
2632–2637.
Oliver-Bever, B., 1960. Medicinal plants in Nigeria. Nigeria College of Arts, Science
and Technology. p. 57.
Porstmann, T., Ternyck, T., Avrameas, S., 1985. Quantitation of 5-bromo-2deoxyuridine into DNA, an enzyme immunoassay for the assessment of the
lymphoid cell proliferative response. J. Immunol. Methods 82, 169–179.
Sofowora, J., 1982. Medicinal Plants and Traditional Medicines in Africa, 6th ed.
Chicester John Wiley and Sons, New York, USA.
Spurzem, J.R., Gupta, J., Veys, T., Kneiﬂ, K.R., Rennard, S.I., 2002. Activation of protein
kinase A accelerates bovine bronchial epithelial cell migration. Am. J. Physiol. –
Lung Cell. Mol. Physiol. 282, 1108–1116.
Zippel, J., Deters, A., Pappai, D., Hensel, A., 2009. A high molecular arabinogalactan
from Ribes nigrum L.: inﬂuence on cell physiology of human skin ﬁbroblasts and
keratinocytes and internalization into cells via endosomal transport. Carbohydr.
Res. 344, 1001–1008.
Zippel, J., Wells, T., Hensel, A., 2010. Arabinogalactan protein from Jatropha curcas L.
seeds as inductor of keratinocyte in vitro differentiation and stimulation of GMCSF, HGF, KGF and TGFβ1 in organotypic skin equivalents. Fitoterapia 81,
772–778.

Please cite this article as: Kisseih, E., et al., Phytochemical characterization and in.... Journal of Ethnopharmacology (2015), http://dx.doi.
org/10.1016/j.jep.2015.06.008i
View publication stats

9

