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ABSTRACT

The phytochemical study and in vitro antimicrobglidies of further fractionation of the most actis@umn
fraction of the ethanolic extract of stem-bark éfyphusspina christi Linn were evaluated using Graositive and
Gram negative pathogens as well as Candidaalbicsinguthe disc diffusion method. The powdered ractte
column fraction (15.8g) was further fractionatedings hexane / chloroform methanol as eluting solsenThe
resulting portions from column chromatographic segpi@n were combined into five (5) fractions—-s on the
basis of TLC results. However fractions Avas pure compound obtained after crystallizatiosing
acetone.Fractions A0 A, were again recombined based on polarity wherg&(A,) were of lower polaritythan
(As& Ay). Phytochemical analysis showed moderate presefdterpenoids and cardiac glycoside im&AA,),
while fraction (A& A,;) showed copious presence of cardiac glycoside,enabdel presence of terpenoids and
alkaloids but low flavonoid content. The pure coompd showed low presence of terpenoids and cardiac
glycosides. Anti-microbial susceptibility stud&sowed that column fractions ;@& A,) and (A& A,) were very
active against all organisms tested except Eschiricoli,Streptococcus pyogenes and Pseudomonagiaesa
while the pure compound was active only on Proteirsibilis and Bacillus subtilis. The pure compouaifter
spectroscopic studies was confirmed to be betutinid. The MIC values of the susceptible orgamanged from
6.25 — 18.75, while the MBC were usually one sigpédr than the MIC (12.25 to 25). The referencéitaotic
showed the same pattern in the MIC and MBC. Thetfat the MBC values were only one step away fitoen
MIC implies that the activity of the column fractiowere bactericidal. Since betulinic acid, a étipenoidhas
antimicrobial activity; the compound maybe partlgpensible for the antimicrobial activity of Z. spighristi. The
results have provided scientific validity for thseuof this plant in the treatment of bacteria-retatinfections in
herbal medicines.

Keywords: Zizyphusspina christi active column fraction, phytochemicals, stem-bark vitro and column
fractionation

INTRODUCTION

The plantZizyphusspina christifrom the familyRhamnaceaés readily distributed in the Sahara and Sahenfr
Senegal to the Sudan and Arabia. (Von Maydell, 19%@ plantZ. spina-christi a deciduous tree is found in Borno
state and locally called “kurna” in Hausa and Kantihe Shuwa Arab of Nigeria, Chad and Camerooh ital
“Nabak” (Anthony, 2005). It is a quick growing, etrg and long lived deciduous tree. It flowers fr@uotober to
November and the seed ripens from January to Fgbrira Nigeria. The pleasant smelling flowers are
hermaphrodite (Levy, 1991).The majority of the fyvapulations in Arid and Savanna regions dss/phusspina
christi as food and especially in Northern Nigeria, wheeefruits have nutritional value (Anthony, 2005).

The aim of this study is to evaluate the antimi@bhbctivities of fractions from the most activadtionated column
fraction of the ethanolic extract of the plant,a®to confirm the folkloric usage in treatment ahary diseases,
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skin and wound infections. Different parts of tlant are used for various medicinal purposes anmbadocal
populace of Northern Nigeria. It is used for theatment of wounds, burns, stomach discomfort aniary
infections (Mohammeet al, 2011, 2012). Previous studies suggest Zimtphusspina christican be very useful
in the control of hepatic and nephritic abnormedittMohammeat al, 2009).

EXPERIMENTAL SECTION

Sample collection and identification of plant

Sample of the stem-bark &fzyphusspina christiLinn was collected from Jiddari Polo of MaidugMetropolitan
Council Area of Borno State, Nigeria. The planttenial was identified and authenticated by a ptarbnomist at
the Department of Biological Sciences, Universityaiduguri to be fronZ. spina-christi. The voucher specimen
was deposited and labeled 544c at the herbarium.

Extraction of Plant M aterials

The stem-bark oE. spina-christiwas cleaned, air-dried in the laboratory, for nemflays and pulverized into a
coarse powder using a mortar and pestle. The cqeraeler was weighed and stored at room temperéatuee
plastic container. Nine hundred grams (900g)ofspina-christiair-dried powder was placed in a thimble. The
thimble and its contents were introduced into ahigtxextractor which was connected to a conderides.powder
was extracted for eight (8) hours with 2 L of 958amol. The crude extract obtained after drying, ¢bncentrate,
was defatted with petroleum ether and concentradedryness in vacuum at 40°C.The extract concentwais
weight and labeled and stored at room temperaturtifther analysis.

Column Chromatographic Separation

The powdered most active column fraction (15.8g3 fumther fractionated using hexane / chloroformethanol as
eluting solvents. These ratios were usually stiavtith 100% hexane and then hexane / chloroforingdab 100%
chloroform and then chloroform / methanol to 80Q. Zhe resulting portions from column chromatogiaph
separation were combined into five (5) fractionsoAAs on the basis of TLC results. However fractiopwas pure
compound obtained after crystallization using acetoFraction Ao A, were again recombined based on polarity
where (A& A,) were of lower polaritythan (& Ag). (A& A,) weighed 4.5g while (4& A,) weighed 2.3g, and
the pure compound fromsAveighed 30mg.(A& A,) was a brown gummy mass whilesfAA ) was yellowish
brown-gummy solid mass and pure compound was aroagWwhite powder.

Phytochemical screening of most active column fraction

Being a bioassay guided study the most active coldractionsA & C were subjected to further column
fractionation.The obtained fractions combined iA& A,) and (A& A,) which were then subjected to
phytochemical analysis using standard procedufé® various classes of active chemical constitugestannins,
saponins, saponin glycosides, cardiac glycosidejofioids, alkaloids, terpenes and steroids etc wereened
according to the methods of (Trease and Evans ZB8&@wora, 2008).

Antimicraobial studies

Test microor ganisms

The column fractions (£& A»), (As& A, and pure compound &. spina-christiwere subjected to antimicrobial
susceptibility studies against a total of nine micganisms with five gram negative organisr8al(nonella typhi,

Klebsiella pneumoniae, Proteus mirabilis, Eschesrcltoli, Pseudomonas aerugindsahree gram positive
organisms $taphylococcus aureus, Bacillus subtilis, Streptoos pyogengs and one fungal strain
(Candidaalbicad. Standard susceptibility antibiotic disc of @flfoxacin (5ug/disc); norfloxacin (10ug/disk)
erythromycin (10ug/disc) were used to compare exaetivities.

Antimicrobial Susceptibility Testing

The column fractions, (#& A»), (As& A,4) and pure compound resulting from the most actdlemn fraction of the
ethanolic extract &. spina-christiwere subjected to preliminary antimicrobial evéiluaon five (5) Gram negative
and three (3) Gram positive organisms and oneuiigdl strainCandidaalbican The column fractions were made
in four stock concentrations of 6mg/ml, 4mg/ml, Zmbgand 1mg/ml; prepared by dissolving 60mg, 40&@ng
and 10mg respectively in 10ml each of sterilizestillitd water.

The disc diffusion method was used where a 6mm eli@andisc was used. Agar plates for the differeganisms
were prepared and allowed to dry.One milliliter asf overnight broth culture of each test microorganiwas
dispensed on the nutrient agar plate and spreauyeusing a sterile glass rod. The disc was allowedoak the
ethanolic extract at various concentrations, 6mgdmig/ml, 2mg/ml and 1mg/ml. After thirty minutésetvarious
concentrations of the disc containing the extragteaapplied on the surface of the culture platésrbeencubation
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at 37C for 24hrs. Sensitive organisms showed a zoniahsbition whereas resistant organisms showed drowt
right to the edge of the disc. Zone of inhibitigave relative activity of the microbial agent agaieach test
organism. Susceptibility test were carried outoadmg to standard methods (Monica, 2000). At émel of
incubation period inhibition zone were recordednitiimeter as the diameter of growth free zonesiatbthe 6mm
disc using a transparent meter rule.

Deter mination of minimum inhibitory concentration (MIC)

MIC is a techniqgue employed to determine the cotmaéon of the column fractions (& A,), (A& A4) and pure
compound that can inhibit the microbial activity.|®1was determined using the broth dilution techgicps
described by (Baker and Silverton, 2007). The mumm inhibitory concentration was evaluated from
microorganisms that were sensitive to the colurantfons under study (stem-bark).

Equal volumes of nutrient broth (0.5ml) were disgeghinto sterile test-tubes where known conceotratof the
column fractions (A& A,), (As& A,) and pure compound ranging from highest to low@8mg/ml, 18.75mg/ml,
12.5mg/ml, 6.25mg/ml,) were prepared. Also 0.5mbpension of the microbial isolateSalmonellatyphi
Klebsiellapneumonige Proteusmirabilis Escherichiacoli,Pseudomonas aeruginosa, Staphytocaureus
Bacillus subtilis Streptococcuspyogenes,Candidaalbjcamere inoculated into the above four concentration
respectively for susceptible organisms. They waoaibated at 3T for 24hours and observed with the naked eye
for turbidity. Turbidity showed growth while cletest tubes showed inhibition.

Deter mination of Minimum Bactericidal Concentration (M BC)

MBC was determined by using the broth dilution taghe described by Baker and Silverton (2007) lsagisg the
test-tubes resulting from MIC determinations. Apéul of the content of the test tubes were inaewdldy streaking
on a solidified nutrient agar plate, incubating3&C for 18-24 hrs and observed for bacterial growfihe lowest
concentrations of the subculture with no growthenesnsidered the minimum bactericidal concentration

Statistics

The result of zone of inhibition exhibited by thelumn fraction, pure compound and fractions andhdsed
antibiotics against each organism were presentedlleen + Standard Deviation utilizing statisticalckage for
social sciences version 16, 2007 software for caerpu

RESULTSAND DISCUSSION

The powdered most active column fraction (15.8g3 fumther fractionated using hexane / chloroformethanol as
eluting solvents. The resulting portions from cofurrhlromatographic separation were combined inte {i5)
fractions(Ato As) on the basis of TLC results. However fractiog ¥as pure compound obtained after
crystallization using acetone.Fraction;{&\ A;) were again recombined based on polarity wher& (A,) were of
lower polaritythan (A& A4). (A& A,) weighed 4.5g while (4& A,) weighed 2.3g, the pure compound from A
weighed 30mg.(A& A,) was a brown gummy mass while;8AA ;) was yellowish brown -gummy solid mass and
pure compound was amorphous white powder. The coloum, percentage yield of column fractions ahd pure
compound from ethanolic extract &f spina-christiare presented in Table 1.

Tablel1: The Colour, form, percentageyield of column fractions and the pure compound from ethanolic extract of stem-bark of Z.

spina-christi
SINo Fractions Weight (g) Colour Texture % yield
1 A&A; 45  Brown Gummy 28.5
-mass
2 A A 23 prown soidmass 1458
3. Pure compound 0.75 Cvmhic:;pggvﬁeég]vs&%?ous 4.75

Phytochemical analysis was carried out oR&M ) which showed moderate presence of terpenoidscardiac
glycoside, while faction (4& A,) showed copious presence of cardiac glycoside enatdel presence of terpenoids
and alkaloids while flavonoids showed low preseridee pure compound showed low presence of terpsrand
cardiac glycosides. The result for phytochemiaahstituents of column fraction and the pure comploane
presented in table 2.
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Table2: Phytochemical constituents of ethanol extract, the column fractions and the pure compound from the stem-bark of Z. spina-
christiLinn

P4
o

Chemical congtituents  (A1&A;)  (As& As)  Purecompound
Carbohydrate - - -

Soluble starch

Tannins -

Flavonoid - +

Anthraquinone -

Terpernoid ++ ++ +

Cardiac glycoside ++ +++ +

Saponin glycoside - -

Alkaloids - + + -

(-) = Absent; (+) = low concentration, (+ +) = Modate concentration; and (+ + +) = High concentratio

©oO~NOUA~WNRPIQY

Research has shown that potential use of plana&xtor treatment was due to the phytochemicalsgmtein the
extract. For example plant synthesizes secondatabmlites which serve as plant defense mechanégamst
predation by microorganisms, insects and herbiwagonoids are alsosynthesized by plants in respdns
microbial infection and consequently have been doimvitro to be effective antimicrobial agents aga a wide
array of microorganisms (Dixomlt al, 1983). Their activity is probably due to their lakito complex with
extracellular and soluble proteins and to compléth wacterial cell walls. More lipophilic flavonagdmay also
disrupt microbial membranes (Tsuchsaal, 1996).

Terpenenes or terpenoids are active against bagctdungi, and viruses (Himejirea al, 1992). The
triterpenoidbetulinic acid is one of the terpenoidich has been shown to inhibit HIV. The mechanigraction of
terpenes is not fully understood but is speculateéhvolve membrane disruption by the lipophilicngoounds
(Fugioka and Kashiwada, 1994).

Diterpenoid alkaloids commonly isolated from thambk of theRanunculaceaeor buttercup family are commonly
found to have antmicrobial properties (Rahman amdu@hary, 1995). Solamargine, a glycoalkaloid frdma
berries ofSolanumkhasianumand other alkaloids may be useful against HIVdtié as well as intestinal infections
associated with AIDS (McMahoet al 1995). Alkaloids also have been reported to haierobiological effects
(Ghoshatt al, 1996).

The activities of column fractions (& A,), (A& A,) and the pure compound were found to be concémtrat
dependent against the Gram positive and Gram negafiecies; particularly most active column fratsiavere
more active than the individual column fraction @hicould be indicative of the presence of broadctspm
antimicrobial compounds in the most column actirgction notably terpenes, flavonoid, cardiac glydes, and
alkaloids. While the column fractions {& A,) showed the presence of terpenoids, cardiac glyeand column
fractions (A& A,) showed presence of terpenoids, cardiac glycositisnoids and alkaloids, while the pure
compound showed the presence of terpenoids anécagigcoside.

The result of the diameters of inhibition zonesolumn fractions (A& A»,), (A:& A,) and pure compound as well
as the standard antibiotics were presented in 4aBle- 6. Diameters of inhibition zones at 6mg/ndidc is
presented in table 3.while 4mg/ml to 1mg/ml werespnted in table 4 to 6.

The result showed that activities against Gram tieg@and Gram positive organisms range from 8 -add 8 —
10mm respectively. Further fractionation of thestnactive column fraction (7 — 16 and 8- 16mm) destated a
good range of sensitivity against the test organisat only on 50% of the organism. Fraction&?A,) was the
most active against the organism tested. @nlgoli, Streptococcus pyogeaesPseudomonas aeruginosid not
show any susceptibility to it. Whi&andidavas weakly sensitive to fractions 48 A,) but resistant to fractions
(A1& A,) and the pure compound. The fact that the colénactions are more active than the pure compound at
6mg/ml concentrations may be explained due to gystr effect of the constituents of the fractioms more
concentrations above 6mg/ml of the pure compoung b required for better effect. At lower amounfs
concentration of 4mg/ml, 2mg/ml and 1mg/ml tables 6. The activities were fair at 4mg/ml for thelumn
fractions when compared to the 6mg/ml level of @ntration. However, at 2mg/ml and 1mg/ml conceiuns
virtually all the organisms were resistant to tiidumn fractions and the pure compound. The rasukaled that
by the dilution test the MIC values of susceptiblganisms ranged from 6.25mg/ml to 18.75mg/ml, e/hIBC
were usually one step higher than the MIC (12.88mg/ml). The reference antibiotic showed the spatéern in
the MIC and MBC. The result for bacteriostatic dateriocidal effect (Table 7).
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Table 3: Susceptibility pattern of column fractions, ethanolic and pure compound at 6mg/ml concentration

Organism/Diameters Of Inhibition Zone (mm)

S/No Column Salmonella Escherichia Pseudomonas Klebsiella Proteus Staphylococcus Streptococcus Bacillus Candida
) Fractions typli coli aeruginosa pneumoniae mirabilis aureus pyogenes subtilis albican
1. A Az 8.15+0.18 R R 10.75+0.84 12.61+0.85 8.15+0.18 R .18340.81 R
2. AssAs 10.75+0.84 R R 10.15+0.81 14.61+1.24 9.19+1.06 R 0.73+0.84 7.49+0.11
3. Pure Compound R R R R 9.19+1.06 R R 9.54+104 R
4. Ciprofloxacin 27.20+2.45 30.91+1.33 20.73+3.54 2.09+0.78 31.54+1.87 25.32+1.74 22.67+0.73 26.431. 10.75+0.84
5. Erythromycin 7.33+0.15 R R R 11.23+2.46 11.52%0. 12.11+0.89 14.91+0.86 R
6. Norfloxacin 16.16+1.76 18.41+1.78 17.81+2.51 R 0.15+3.11 R R R R
At lower amounts of 4mg/ml, 2mg/ml and 1mg/ml, attievities gradually became less pronounced batshg similar trend as mentioned for the higher Gagvities.
Table4: Susceptibility pattern of column fractions, ethanolic and pure compound at 4mg/ml concentration
Organism/Diameters Of Inhibition Zone (mm)
S/No Cal umn Salmonella Escherichia Pseudomonas Klebsiella Proteus Staphylococcus Streptococcus Bacillus Candida
) Fractions typli coli aeruginosa pneumoniae mirabilis aureus pyogenes subtilis albican
1. A eAs 7.58+0.84 R R 9.42+1.08 10.31+1.23 7.33%£0.15 R 170376 R
2. AssAs 9.71+0.91 R R 9.57+0.94 12.52+0.78 8.15+0.18 R 480616 R
3. Pure compound R R R R 7.18+0.45 R R 9.42+1.08 R
4. Ciprofloxacin 27.20+2.45 30.91+1.33 20.73+3.54 2.09+0.78 31.54+1.87 25.32+1.74 22.67+0.73 26.43%1. 10.75+0.84
5. Erythromycin 7.33+0.15 R R R 11.23+2.46 11.592%0. 12.11+0.89 14.91+0.86 R
6. Norfloxacin 16.16+1.76 18.41+1.78 17.81+2.51 R 0.15+3.11 R R R R
Table5: Susceptibility pattern of column fractions, ethanolic and pure compound at 2mg/ml concentration
Organism/Diameters Of Inhibition Zone (mm)
S/No Column Salmonella Escherichia Pseudomonas Klebsiella Proteus Staphylococcus Streptococcus Bacillus Candida
) Fractions typli coli aeruginosa pneumoniae mirabilis aureus pyogenes subtilis albican
1. A Az R R R R R R R R R
2. AssAs R R R R 7.68+1.16 R R 7.06+0.19 R
3. Pure compd R R R R R R R 7.11+0.89 R
4. Ciprofloxacin 27.20+2.45 30.91+1.33 20.73+3.54 2.09+0.78 31.54+1.87 25.32+1.74 22.67+0.73 26.431. 10.75+0.84
5. Erythromycin 7.33+0.15 R R R 11.23+2.46 11.592%0. 12.11+0.89 14.91+0.86 R
6. Norfloxacin 16.16+1.76 18.41+1.78 17.81+2.51 R 0.15+3.11 R R R R
Table 6: Susceptibility pattern of column fractions, ethanolic and pure compound at 1mg/ml concentration
Organism/Diameters Of Inhibition Zone (mm)
S/No Column Salmonella Escherichia Pseudomonas Klebsiella Proteus Staphylococcus Streptococcus Bacillus Candida
) Fractions typli coli aeruginosa pneumoniae mirabilis aureus pyogenes subtilis albican
1. A Az R R R R R R R R R
2. As eAs R R R R R R R R R
3. Pure compd R R R R R R R R R
4. Ciprofloxacin 27.20+2.45 30.91+1.33 20.73+3.54 2.09+0.78 31.54+1.87 25.32+1.74 22.67+0.73 26.431. 10.75+0.84
5. Erythromycin 7.33%0.15 R R R 11.23+2.46 11.59%0. 12.11+0.89 14.91+0.86 R
6. Norfloxacin 16.16+1.76 18.41+1.78 17.81+2.51 R 0.15+3.11 R R R R
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Table 7: Minimum inhibitory and minimum bactericidal concentrations of the column fractions, ethanal extract, pure compound of the stem bark of Z. Spina-Christand standard control drugs

Organisms’ MIC and MBC

S/No Column Salmonella Escherichia Pseudomonas Klebsiella Proteus Staphylococcus Streptococcus Bacillus Candida
) Fractions typli coli aeruginosa pneumoniae mirabilis aureus pyogenes subtilis alblican
1 AA 18.75* 6.25* 18.75*
ez 25%* 12.5% 25%*
2 AceA 12.5* 12.5* 12.5* 12.5*
& 18.75* 18.75* 18.75* 18.75*
3 Pure Compd.
) : lug* 1* 1* 1* 1* 1* 1* 1* 2
4 CIprOﬂoxaCln5ug 1ugg** l** 2** l** l** l** 2** l** 3**
. 7* 7* 5*
5 Erythromycin10ug g - P
* * * *
6 Norfloxacin 10ug 76** 55;* 65** 87**
Key: MIC*; MBC**; EE = Ethanolic extract; PC = Pug compound
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Showed that fraction (& A,) was bacteriostatic and bactericidal on four (4¢roorganismsSalmonella typhi,
Klebsiella pneumoniae, Proteus mirabilis and Basllsubtilis Fraction (A& A,) was bacteriostatic and
bactericidal on three (3) microorganisid$ebsiellapneumoniae,Proteusmirabii;dBacillussubtiliswhile Proteus
mirablis and Bacillussubtiliswere the only organisms that were sensitive topilie compound but was neither
bacteriostatic nor bactericidal on them. This Wwasause the sensitivity was weak as it was notleéqua greater
than &) 10mm zone of inhibition which according to Zwa@®72), that only diameter zone of inhibition) (
10mm exhibited by plant extracts were considerg¢ivec

CONCLUSION

From the antimicrobial susceptibility studies, ffans (A& A»), (A& A,4) and the pure compoundjFknown as
betulinic acid were found to have antimicrobialiefties on some of the test microorganisms. Thiddcbe as a
result of presence of some phytochemicals suclergenoids, flavonoids, alkaloids and cardiac glides The
result shows betulinic acid has antimicrobial agtiveven though its effect is not as pronouncedhas$ of the
standard antibacterial.
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