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ABSTRACT

The stem and root bark of Anthostema aubryanumll(Baimily, Euphorbiaceae) are extensively usedifrican
ethnomedicine for treating and managing a numberdiskase conditions which include inflammation, npai
wounds, boil, dyspepsia and a variety of other aliseconditions. Although the chemistry and pharroagoof
many phytoconstituents isolated from the familyfamdy established, the plant has not yet beersdtigated. In the
present study, an alkaloidal extract of the rootkbavas demonstrated to display a time- and dose3(BD mg/Kg
p.o.)-dependent anti-inflammatory effect in rat®{E13.8440.011) compared to diclofenac (EB1.994+40.002).
Comprehensive chromatographic and spectroscopityaaa have led to the isolation and characterizaid two
major anti-inflammatory and antioxidant alkaloids &-methoxycanthin-6-one and canthin-6-one. The b3-100
mg/Kg p.o.)-dependent anti-inflammatory effectshef 5-methoxycanthin-6-one (Ef60.844).010) and canthin-
6-one (ER=96.6440.012) were either comparable or significaag the positive control, diclofenac. The radical
scavenging activity of the alkaloidal extract £€23.1240.010), 5-methoxycanthin-6-one {€27.62+0.090) and
canthin-6-one (16=33.6040.011) was also significantly comparable Yiamin E (IGy=8.60540.002) used as
positive control. Canthinone alkaloids are well-kwroconstituents of the Simaroubaceae and Rutaced@iaplay
a wide range of biological activities. However, yhere being reported as constituents of the Euplacdae here
for the first time.

Keywords: Anthostema aubryanum, Euphorbiaceae, free radicalsti-inflammatory, antioxidant, 5-
methoxycanthin-6-one, canthin-6-one

INTRODUCTION

Pain and inflammation are the major conditions eiséed with various diseases. Typical inflammatdiseases
such as meningitis, rheumatoid arthritis, asthroliti€ and hepatitis are the leading cause of disaland death [1]

and chronic inflammation has been implicated in gahogenesis of cancer, cardiovascular, pulmomay

neurodegenerative diseases [2]. Inflammation aesvaeutrophils and macrophages to produce reackygen

species and reactive nitrogen species as weltratide which deregulate cellular function causiisgue damage
leading to chronic inflammatory diseases [3] arsd ahhibit wound healing.
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Anthostema aubryanuifBaill, Euphorbiaceae- the Spurge family) is aergveen monoecious shrub to medium-
sized tree up to 30 m high with succulent whitexan all parts [4]. The genus is native to Afrimad consists of
only three species:Anthostema aubryanum(Baill), Anthostema senegalens@. juss) and Anthostema
madagascarienséBaill) [5]. The genus is closely related Bichostemaand Anthostemavas first described as a
genus in 1824 [5]. Geographically it is distributedthe tropical regions of Western Africa rangifngm Guinea-
Bissau to the Congo basin in the DR Congo in Cemtfaca and Madagascar. The plant is known in veti
countries by its local names such as ‘Assogo” antbhageople of the Congo basin in DR Congo andeSasiong
the Akans in Ghana and Anyi people in Cote D’lvoiaad is used extensively in Ethnomedicinal and
ethnoveterinary practice. The stem bark and rob#. @aubryanumare widely employed in treating edema, boils,
pain, malaria, wounds (especially post abortioafter delivery) and pregnancy related problemsifsPemocratic
Republic of Congo, it is used to treat infectiorfstioe gastrointestinal tract, veneral diseasesstimation,
dyspepsia, diarrhoea and dysentery [7,8]. In Sdneghark maceration is drunk to treat and managesiinal
infection, kidney problems, edema, impotence and ksxative [9]. The bark is also used as a fisis@oto catch
small fish in Senegal. Its other speci@sithostema senegaleniseused to treat leprosy, menstrual problems and
helps with the expulsion of the afterbirth [10].€Ttatex is toxic, acrid and vesicant and can céliselness. The
latex is used as a drastic purgative and is appbkégrnally to sores. The latex is used in traddianedicine as glue
and the smoke from the wood is reportedly usedritee caway animals. Like many woody treds,aubryanunis
commonly used in many homes for fencing, firewoad aonstruction. Although the family is generallyokvn to
predominantly contain terpenoids, the chemistry pharmacology of the root bark &f aubryanunmare yet to be
investigated. In the present study, an investigaiiwo the anti-inflammatory and antioxidant adias of the root
bark along with phytochemical analysis has resuitethe identification of two alkaloids as 5-metlyoanthin-6-
one(1) and canthin-6-on€) with significant pharmacological activity.

MATERIALS AND METHODS

Chemicals

All organic solvents used for the experiments wadranalytical grade and obtained from BDH LaboratBupplies
(Merck Ltd, Lutterworth, UK). The standard referendrug, diclofenac was purchased from Troge (Hambur
Germany). The vitamin E, anhydrous sodium carbo$@%, Diphenyl-2-picrylhydrazyl (DPPH) and all othe
chemicals were obtained from Sigma-Aldrich Comphtty(Poole, Dorset, UK).

General experimental procedures

'H and™*C NMR were obtained on a JEOL 500 MHz instrumetie@ical shifts were reported én(ppm) using the
solvent (CDCI3 or methanol-D4), standard and cauyptionstants (J) were measured in Hz. The highutsio (Q-
ToF) mass spectroscopy instrument, SYNAPTG2-Si#U&AG hermo Fisher Scientific, UK), with an elecposy
ionization probe was used for accurate mass maasmteover the full mass range of m/z 50-2000. Nprens
analyses were performed in positive ionization mdd#umn chromatography was performed with alumiraxide
neutral gel (grade Il, 70-230 mesh) and TLC withrékeprecoated silica gel.&. Compounds were visualized by
UV light and by spraying with Dragendorff's reageMayer’s reagent and 3% Ce (Ns50,; in 85% HPO,.
Melting points were determined using electrocheiealting point-9100 apparatus.

Plant material collection and identification

The root bark ofAnthostema aubryanu(iuphorbiaceae) was harvested from Adukrom ifNtbema East Metropolis
in the Western region of Ghana, in December, 20#veas identified by curators of the University@dpe Coast
Herbarium (Ghana). A voucher specimen with refezamember (HBS/Antho/2014/2895R) has been depoaitdiuke
Herbarium of the Department of Botany, School dfl&jgical Sciences, College of Agriculture and Naki8ciences,
University of Cape Coast, Ghana.
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Isolation of the anti-inflammatory compounds

The dried and powdered root barkArfthostema aubryanufd.20 Kg) was alkalinized and extracted by Soxhiet
70% MeOH (2x2.5 L) for 48 h. The combined extrastsre concentrated under reduced pressure to a#ford
brownish crude extract (32.20 g). The crude extreas dissolved in 5% acetic acid, refrigerated Zdrh and
filtered. The clear acidic solution was extractethwiexane (3x200 mL). The Hexane layer was disséwand the
aqueous phase basified with 10% K, (25%), extracted with Ci€l, (3x150 mL). The organic layer was dried
using MgSQ and evaporated under reduced pressure to dryligggsbrownish crude (0.680 g, yield= 0.1%) were
obtained. The screening of this extract using Dndgeff's reagent, Mayer’s reagent and 3% Ce (NBIO, in 85%
HsPO revealed the presence of alkaloids. The alkalldigction was subjected to aluminum oxide gel-Z30
mesh) column chromatography and eluted with a gradof CHCI,-EtOAc and EtOAc-MeOH to give three
fractions: 1(CHCI,-EtOAc, 2:1, 220 mg), 11 (CiEl,-EtOAC, 1:1, 170 mg) and 111 (EtOAc-MeOH, 2:1, 244).
Fraction 1 was purified by preparative TLC on alnom oxide gel 60 £, (0.25 mm thickness) and crystallized in
acetone to give compound 1 as light yellow nee(lé® mg, R0.70 in toluene-EtOAc 3:1). The fractions 11 and
111 were combined based on their TLC analyses abfected to repeated smaller column chromatogragshy
above, eluting with CKCl,-EtOAc mixtures of 2:1 and 1:1. The fractions etutgith CH,CIl,-EtOAc 1:1 were
combined, concentrated under reduced pressurdjepully preparative TLC and crystallized in acetdaggive
compound 2 as light yellow needles (170 mg0RO in toluene-EtOAc 3:1). All the compounds weoduble in
chloroform.

5-methoxy-canthin-6-one (1):Light yellow needles with a bright yellow-green fluoresce at 360 nm; m.p 223-
234C; Vina/cm™1670, 1635 (C=0, conjugated), 1610, 1575 (arom).

Elemental analysis: Found: C, 72.03; H, 3.92; NO&1 G:sH;oN,O, requires C. 71.99; H, 4.03, N, 11.19 &p;
(500MHz, MeOD, J/Hz) 7.57 (1H,d, H-1, J=5.0), 8(@81,d,H-2, J=5.0), 7.80 (1H,d, H-4, J=10), 8.20 (d,HH-8,
J=7.7), 7.7 (1H,t, H-9, J=7.7), 7.5 (1H,t, H-10,7J8, 8.00 (1H,d, H-11, J=7.7), 4.06 (s, 3H). HR-N18/z)
251.0898 [M+H] - (calc. for GH1gN,O,).

Canthin-6-one (2):Light yellow needles with a light blue fluorescerate360 nm; m.p 156-18¢, (Lit. 155-156);
Vma/CM*1670, 1630 (C=0, conjugated); 1600 (arom).

Elemental analysis: Found: C, 76.32; H, 3.63; N7&2.G4HsN,O requires C, 76.35; H, 3.66; N, 12.72%;
(500MHz, MeOD, J/Hz) 8.0 (1H,d, H-1,J=5.0Hz), 81TH(d, H-2, J=5.0), 8.1 (1H, H-4, J=10.0), 8.4 (1LH;48,
J=10.0), 7.7 (1H,t, H-9, J=8.5), 7.5 (1H,t, H-1685), 8.2 (1H,d, H-11,J=8.5). HR-MS (m/z) 221.015856+H]-
(calc. for G4HgN,0).

In vitro anti-inflammatory activity

Experimental animals

Sprague Dawley rats aged six weeks and weighingl500g were obtained from Noguchi Memorial Insétdior

Medical Research, Accra, Ghana, and were houssthimlard stainless steel cages (30 x 47 x 20 cenpapulation
density of 5 rats per cage. Food (Cheletin dietnfflGAFCO Tema, Ghana) and water were availalldibitum

through 1-quart gravity-fed feeders and water thoag 28C with a 12 h light: dark cycle at the animal hoage
Department of Biomedical and Forensic Science, Wi@Gughout the experimental period. The animalseviben
randomly divided into 5 groups (n= 5).

Determination of anti-inflammatory activity

The carrageenan foot edema model in rats was osedatuate the anti-inflammatory properties of té& samples
[11]. Six weeks-old rats (weighing between 100 &B6 g) were put into groups of five animals. Aftarrageenan
(2% wilv) was injected intraplantar into right foatfs, the initial foot volume (time zero) were takey water

displacement plethysmography using an electronit Mey plethysmometer (Model 2888, HTC Life Sciehee, Ca

91367, Canada) as described by Feridoni et al [1#}.foot volumes were then measured every hou fotal period
of 5 or 6 h. For the anti-inflammatory activity nsegements, alkaloid fraction (30, 100 and 300 myéfwl diclofenac
(20, 30, 100 mg/Kg) were administered orally 1 iopto carrageenan injection. Animals receiving kg normal

saline served as control. The foot volumes wer#ithgially normalized as percentage of change frbairtvalues at
time zero and then averaged for each treatmenpgiithe total inflammation during the entire obséoraperiod for

each treatment was also calculated in arbitraryamithe area under the curve (AUC) and compartdtié untreated
group [13]. All experimental protocols were in cdrapce with the National Institute of Health guidels for the care
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and use of laboratory animals and were approveithdyepartment of Biomedical and Forensic ScieGodiege of
Agriculture and Natural Sciences, University of E&nast, Ghana, Ethics Committee

In vitro antioxidant assay

2,2-diphenyl-1-picrylhydrazyl radical scavengingag

For the DPPH assay, the antioxidant activitiethefalkaloidal extract and the isolated compoundsevassessed in
terms of the hydrogen donating or radical scavanginilities of the extract and the compounds ugliregstable 2,2-
diphenyl-1-picrylhydrazyl (DPPH) radical method@fiandrasekar et al [14]. Aliquots of the extrac2%2.0 mg/ml)
and vitamin E (standard) (0.04-1.28 mg/ml) wereadiwith 100 mM Tris-HCI buffer (800L, pH= 7.4). Then 1 ml
of freshly prepared 500M DPPH in methanol was added to the mixture. Theture was shaken vigorously and
allowed to stand for 30 min at room temperaturaghi@ dark. The absorbance was measured at 517 rimawit
spectrophotometer, (Cecil CE 7200 spectrophotome€teeil instrument Ltd, Milton Technical Centre,dtand) for
triplicate measurements. All samples were analymettiplicate. Pure methanol was used as a blatie actual
decrease in absorption induced by the test samgdecampared with the positive control, vitamin BeTamount of
remaining DPPH against the sample concentrationphated to obtain the amount of antioxidapg necessary to
decrease free radicals by 50%4JCA smaller |G value corresponds to a higher antioxidant actjigy.

DPPH scavenging effect (%) = (Absorbance of thérobabsorbance of the test sample)/Absorbancketontrol) x
100

Statistical Analysis

Doses and concentrations responsible for 50 % efntlaximal effect (E€; and 1G) for the test samples were
determined using an iterative computer least sguarthod, with the following nonlinear regressithrde-parameter
logistic) equation.

_ a+(b-a)
- (1+10(|_ogE050-><))

Where X is the logarithm of dose antiis the responsé. starts at (the bottom) and goes b(the top) with a sigmoid
shape. The fitted midpoints (EfICsy values) of the curves were compared statistiesiggF test. Graph Pad Prism
for Windows version 5.0 (Graph Pad Software, SaegbBj CA, USA) was used for all statistical analy$es 0.05
was considered statistically significant.

RESULTS AND DISCUSSION

Anti-inflammatory activity

The stem and root bark ginthostema aubryanuare routinely employed in traditional medicinetieat a variety of
disease conditions including inflammatory pain, wids, boil and edema. Many compounds with numerous
pharmacological activities have been isolated fieuphorbiaceae but little is known about the phaoiwayy of the
root bark ofAnthostema aubryanunthe carrageenan-induced edema model in rodetasisd on the principle of
release of various inflammatory mediators by careagn and is the most accepieditro experimental model for
anti-rheumatic activities in laboratory animals][16

In our experimental conditions, we first used aitpas control diclofenac which showed a time-depamtdanti-

inflammatory effect at all hours (Fig. 1). The AlW@lculation showed that the three tested doses30@&nd 100
mg/Kg BDW) of diclofenac suppressed the carrageémduced edema under the experimental conditioB6¥6 +

2.4, 48.94 = 2.2 and 59.20 + 2.6 respectively. FiEim1, it can be seen that oral administratiorthef alkaloidal

extract of the root bark oA. aubryanunsimilarly suppressed the carrageenan-inducednimflation in a dose-and
time-dependent manner.
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Figurel: Time-course edema development following cageenan injection into rat paws and dose (mg/Kgylependent anti-inflammatory
effect of the standard positive control diclofena€A) and the alkaloidal extract of A. aubryanum (B).All data from 2 to 6 h of the treated
groups are significantly different (p< 0.05) from the negative control group at each timpoint

The anti-oedematogenic activity was quantified gishe ER,. This is the dose required to reduce the inflanondiy
50%. The crude and alkaloidal extractsfofaubryanunshowed significant activity (Efg=5.294 + 0.020 and 13.84 +
0.011mg/Kg BDW resp.) compared to diclofenac ££0.994 + 0.001 mg/Kg BDW) (tablel).

The bioactivity-guided fractionation of the alkalal extract led to the isolation of two compounil?), the major
compound {) showing the best pharmacological activity. Thghler pharmacological activity of compoubds due to
the presence of the methoxy group which makes rerfipophilic and is able to cross the membranetherblood
brain barriers. The identification of the two compds as 5-methoxycanthin-6-one and canthin-6-oreebaaed on
comparison of spectroscopic data (UV, IR, NMR, M@ alemental analysis) with those published bdfbtre22] and
authentic samples.

Although canthinone alkaloids are well-known cotgits of the Simaroubaceae and Rutaceae andydsplade
range of biological activities, they are being népd as constituents of the Euphorbiaceae herdéofirst time.
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The time course study amply shows that the two camgs displayed anti-inflammatory activity in a daependent
manner (Figure 2).

From the AUC analysis with due comparison with glsitive control, diclofenac, all doses (3-100 ngy/lkéf 1-2 and
diclofenac displayed significant<p.001) inflammatory reduction when compared wita timtreated control group.
The AUC analysis shows that all doses of the isdlabmpounds administered through the same ortd displayed
moderate activity as diclofenac (table2).

Although the synergistic effects of other minor stitnents with a similar pharmacological effect aossible, 5-
methoxycanthin-6-onelf and canthin-6-one2f as major constituents of the root barkAsfthostema aubryanum
are likely to play a major role in the reportedretmedicinal uses of the plarfhe overall anti-inflammatory, as
measured by the ERP(5.294 + 0.020) was lower than that of Diclofena®94 + 0.001) used as positive control
(Figure 3).

Table 1 Effect of crude extracts and standard drugpn carrageenan-induced oedema

Extracts/Drug EDs (Mg/Kg) +SEM
Total Crudi 5.294 + 0.02
Alkaloidal crude 13.84 +0.011
Diclofenac 1.994 + 0.001

Table 2 Effect of canthinone alkaloids and standardirug on carrageenan-induced oedema

Alkaloids/Drug EDso mg/Kg + SEM

5-methoxy-canthin-6-one  60.84 + 0.010

Canthin-6-one 96.64 £ 0.012

Diclofenac 1.994 + 0.002
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Figure 2: Time course edema development followingacrageenan injection into rat paws and dose (mg/Kgody weight)-dependent anti-

inflammatory effect of 5-methoxycanthin-6-one and anthin-6-one at time 2-5 h. Data for all doses ohe isolated compounds were
significantly different (p<0.001) from untreated control group.
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Figure 3: Dose response curves for crude, alkaloitlaxtract, compounds (10-100mg/k@.o) and diclofenac (10-100mg/kg.p) on
carrageenan - induced foot oedema in rats

Antioxidant activity
The DPPH assay is a valid and simplest assay ttuaeascavenging activity of antioxidant, since tlaelical
compound is stable and does not have to be gedexsie other radical scavenging assays [23]

The extracts as well as the isolated compounds eth@wconcentration dependent DPPH radical scavgr@gitivity
(fig 4). The methanolic extract showed the higlzesivity followed by the alkaloidal extract, 5-me#tycanthin-6-one
and canthin-6-one. The decrease in the absorban@PBH was due to phytoconstituents in the plaritaess.
Phenolic compounds are widely distributed in plamd have gained much attention due to their aidtho activities
and free radical scavenging abilities which haveefieial implications for human health [24].

The phenolic compounds may contribute directly talvne observed high antioxidant activity througffedent
mechanisms exerted by different phenolic compouodghrough synergistic effects with other non pHieno
compounds [25].
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It has been observed that compounds with highoxidint activities may also contribute toward thhibition of

tyrosinase, cholinesterase (AChE) and nitric oXid®) production in cells [26]. Inflammation actiest neutrophils
and macrophages to produce reactive oxygen/nitrapgecies (ROS/NOS) and nitric oxide (NO) which teaal
oxidative stress that can damage important orgaunlistrates and also inhibit wound healing. Oxigatelated
processes coupled with tyrosinase activity can #lgmer melanogenesis, which causes skin pigmentd27].

Antioxidants can scavenge free radicals and pratgginisms from NO and ROS/NOS-induced damageinigad a
reduction in inflammation [27,28].

Antioxidants can also prevent major degeneratiseaties and aging and might have protective efteetard
Alzheimer's disease [29]. The inhibition of cholaterase is suggested to be quite useful in thémesa of
Alzheimer's disease and other diseases includindesdementia, ataxia and Parkinson’s disease.eizér’'s disease
is the result of a deficiency in the cholinergisteyn due to the rapid hydrolysis of acetylcholldence, nerve impulse
transmission is terminated at the cholinergic sgrapBy suppressing cholinesterase, cholinergicotransmission
can be restored [30,31]. Tacrine is one of thel®fitt drugs used for treating the symptoms of dognilysfunction
or memory loss associated with Alzheimer’s diseblemvever, adverse effects have been reported ésetsynthetic
drugs, including gastrointestinal disturbances sugpression of bioavailability [30, 31]. Thereheitefore the need for
continuous search especially from natural soureeslfernative agents which are safe, relativeéxpensive, highly
tolerated and convenient for many patients. Theeena reports of the cholinesterase inhibition prips of any
Anthostemaspecies. HoweveAnthostemaspecies are expected to have cholinesterase (Aldhkjtion properties
because it has been reported that plants belotgithg Euphorbiaceae family have AChE inhibitorygodial [30].
Thus, the high levels of antioxidant activity fouindthe plant extracts and the isolated compounralg aiso result in a
higher inhibition of tyrosinase and cholinesterastvities as well as nitric oxide production.

Hence Anthostema aubryanuhas some therapeutic potential.

Table 2 Free radical scavenging activity of extract of and standard drug

Extracts/Drug IC s (ng/ml) £ SEM
Methanolic extrac 8.841 + 0.02
Alkaloidal extract ~ 23.12 +0.010
Vitamin E 8.605 + 0.002

Table 3 Free radical scavenging activity of isolattcompounds and standard drug

Compounds/Drug | Igpg/ml £ SEM
5-methoxy-canthin-6-one  27.62 + 0.090
Canthin-6-one 33.60 £0.011
Vitamin E 8.605 + 0.002
DPPH
1501
e CRUDE
g m CA
= 1001 4 M
[S) XX“ v M5
% .
S ¢ VitE
8 504
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Fig. 4: Free radical scavenging activity of A. aubyanum and Vitamin E
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In view of the present findings and other pharmagickl activities of compoundsand2, the ethnomedicinal uses of
A. aubryanunfor treating and managing inflammatory conditioneunds, pain and as antimicrobial agent seems to b
justified.

CONCLUSION

The present study for the first time has estabtighe scientific basis of the traditional uses.afubryanunroot bark
as an anti-inflammatory and antioxidant agent. 8seg-guided fractionation of the alkaloidal extraicthe root bark
resulted in the isolation of two known compoundsniified as 5-methoxycanthin-6-one and canthin-6-42) that
displayed anti-inflammatory and antioxidant act@éstcomparable with the positive controls diclofeaad tocopherol
respectively. The investigations of the anti-inflaatory and antioxidant activities of canthin-6-aflealoids continue
in our laboratory to determine vivo activities towards inflammation and wound healmgl to evaluate their toxicity.
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