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ABSATRACT

Crude methanolic extract of G.mollis was found tavéh significant antimicrobial activity, at 25@g/ml

concentration (for both antibacterial and antifudgactivity), anti-inflammatory activity, at 500 nhkgy
concentration and significant decrease in artetifdod pressure and heart rate in both butanol eottrat 3 mg/kg
concentration and methanolic extract at 20mg/kgcemtration. Bioassay guided fractionation led te ikolation
of two known flavonoids compounds, luteltjn(/-(1-Of-D-galacturonide)-4'-(1-O-5-glucopyranosyl)-3'4’,5,7-
tetrahydroxyflavond), two tripenoids, j-hydroxy-23-ene-deoxojessic a@y(75-hydroxy-23- deoxojessic acitj(
and two steroids from the aerial part of G. mollis.
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INTRODUCTION

Grewia mollisis a shrub or small tree up to 20 ft tall, of Mateae family (previously belonging to Tiliacaea
family) widely distributed within the Northern, ddle belt of Nigeria some African countries. Ikisown to be a
strong fireresistant.Various parts of the plant ased in food and medicine. In Nigeria, the stemk lppwder or
mucilage is used as a thickener in local cakes niemla beans or corn flour commonly called “Kosatida
“Punkasau” in Hausa (Nigeria), respectively. Theedlirstem bark is ground and the powder mixed wéhns or
corn flour thereby enhancing the texture of thedfpooduct [1].

The flowers and young shoots are sometimes usadasp or sauce vegetable. The infusion of the blatkined by
cold or hot maceration in water is used in beatmgl floors, or mixed with the mud or the walls aftd1to give a
smooth surface. The mucilaginous property of thi baleaf is used in application to cuts and sofé® Yoruba in
Nigeria use it medicinally at times of child bifth]. Some findings demonstrated that the mucilaggioed from
the stem bark can serve as a good binder in paraotformulations [2-3]. Also the recent reportggest that high
concentration of stem bark in dietary exposure rmayse some adverse effects, especially liver in[dly
Phytochemical studies d&. mollisindicated the presence of tannins, saponins, flaidsn glycosides, phenols,
steroids and the absence of alkaloids in the leamedsstem bark [5] while their presence was rekatethe roots

[6].

Previous phytochemical studies @rewia mollishave been very rare and led to isolation of a &kaloids.
Moreover, very primitive biological studies Grewia mollishave been carried up to date.

In the present phytochemical investigation biolafficactive methanolic extract resulted in the asioin of luteloin
(1), 7-(1-Of-D-galacturonide)- 4"-(1-O-glucopyranosyl)-3°4",5,7-tetrahydroxyflavon®),( 78-hydroxy-23-ene-
deoxojessic acid3], 7B-hydroxy-23- deoxojessic acid)( B-sitosterol §) and p-sitosterol-3-O-glucosides). This
paper describes the isolation and identificatiothefconstituents dérewia mollisand their antimicrobial activities.
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EXPERIMENTAL SECTION

3.1.1 General experimental procedure

Melting points were determined with a Buchi madtimoint apparatus. (Model B-545) and are uncorcedtdrared
spectra were obtained on a Hitachi 270-30 spectriopheter in KBr pelletstHNMR (500 MHz) ,"*CNMR (125
MHz) and 2DNMR spectra were determined on a BriikeX-200 spectrometer in CD£ICD;OD and pyridineds.
FAB-MS was recorded on a JEOL SX 102/DA-6000 maestsometer. Optical rotation was obtained on &iRer
Elmer 241 polarimeter. Elemental analytical data wecorded on Carlo Erba, Model 1106, elementalyaea
Column chromatography was carried out using,Sjél (230-400 mesh). Sephadex LH-20 was used flumoo
chromatography (Pharmacia, 25-100um). All the salv@vere routinely distilled prior to use. Otheenticals were
commercial grade without purification. TLC wererried out on precoated Si Gel F254 plates (Merdk,1%5423)
and visualised by spraying with 1% ceric ammoniwfplisate in 30% aqueous,$0, followed by heating the plate
at 105C for 15 minutes and borinate-PEG solution (2-amihgldiphenylborinate, 1% in methanol :polyethylene
glycol 4000, 5%in ethanol,1:1, v/v) for flavonoids.

3.1.2 Plant material
The aerial parbf Grewia mollisjuss. were collected and air-dried in April 2Qdt0Akba-Al-Abar, Saudi Arabia. A
voucher specimen (collection no.59) was depositgtié herbarium of College of Pharmacy, King Saud/ersity.

3.1.3 Extraction and isolation

The dried and milled Arial part dBrewia mollis (3000 g) was macerated overnight using MeOH atrtizan
temperature for three times. The extract was figfesblvent on a wiped film evaporator at 5&°C to get MeOH
extract residue (337 g).The resultant methanobektivas suspended in a mixture of methanol-waté) &lution
and was then followed by successive solvent paiitig to given-hexane (27 g), chloroform (68.6 g), ethyl acetate
(56.3 g),n-butanol (10.9 g) and water soluble fractiomfiexane soluble fraction was chromatographed aragiel
column g-hexane-CHGHEtOAc, 12:1:1) to give four fractions (H1-H4). Eteon H3 was purified by recolumn
chromatographyn-hexane-CHGFEtOAc, 10:1:1) to givel (10 mg). Silica gel column chromatography of the
CHCI; soluble fraction with CHGIEtOAC-MeOH (10:1:1) gives six fractions (C1-C6heél'major fraction C1 was
chromatographed on Silica gel using CHEtOAc (40:1) to yield five fractions ( C11-C15)rdetion C11 was
purified with EtOAc-MeOH-HO (8:1:0.1) to give to giv® (10mg).The major fraction C15 was passed through
Sephadex LH-20 column and eluted with MeObBH®6:4) gave3 (15 mg) and gradually increasing the percentage
of H,O in MeOH (4:6) gavé (8 mg). Silica gel column chromatography of th® &t soluble fraction with CHGI
EtOAc-MeOH (10:1:1) gave five fractions (E1-E5).€lmajor fraction E2 rechromatographed on silicacgéimn
with CHCl,-MeOH (8:2) to yields (10 mg) and with CHGIMeOH (5:1) yielded (7 mg).

Luteolin (1)

A yellow amorphous powder, m.p. 320-321 FAB-MS: m/z287 [M+H]’;, calcd for GsH1¢0g; C, 62.94; H, 3.52;
0, 33.54; Found: C, 62.96; H, 3.55; O, 33'66NMR (DMSO, 500 MHz): 7.40 (1H, dd] = 8.0, 2.0 Hz, H-6"),
7.37 (1H, dJ = 2.0 Hz, H-2"), 6.87 (1H, d, = 8.0 Hz, H-5"), 6.64 (1H, s, H-3), 6.42 (1H,Xk 2.0 Hz, H-8), 6.16
(1H, d,J = 2.0 Hz, H-6)"*C-NMR (DMSO-d6, 125 MHz) d: 164.58 (C-2), 103.44 (C-3), 182.284)C162.14 (C-
5), 99.58 (C-6), 165.07 (C-7), 94.58 (C-8), 158,09), 104.26 (C-10), 121.99 (C-1", 113.91 (C-296.48 (C-3"),
150.64 (C-4'), 116.69 (C-5"), 119.69 (C-6").

7-(1-O$-D-galacturonide)-4'-(1-O- B-glucopyranosyl)-3'4',5,7-tetrahydroxyflavone(2)

A yellow amorphous powder, m.p.270-2Z2 FAB-MS: m/z625.1[M+H]", m/z 449.1[M+H] (-galacturonic acid),
m/z287[M+H]" -(galacturonic acid+glucose) calcd fos;8,50,7; C, 51.93; H, 4.52; O, 43.55; Found: C, 51.95; H,
4.53; O, 43.57'HNMR ( DMSO, 50 MHz).63.083.75 (m, 17H, sugar protons), 4.50 (d, 4, 7.21Hz, H-1""),
5.21(d,1HJ = 6.82 Hz, H-1""), 6.42 ( bs,1H, H-6 ),6.65( bsHiF8 ), 6.81(d, 1HJ =8.42, H-5"), 7.09 (s, 1H, H-3
), 7.35( Q, 1HJ = 8.42 and 1.8 Hz, H-6" ) 7.80 ( bs, 1H, H-2%C-NMR ( DMSO, 125 MHz )5165.36 (C-2),
104.01 (C-3), 183.19 (C-4) 160.87 (C-5), 99.41 jCH53.09 (C-7), 96.31 (C-8), 157.65 C-9), 106.8010),
122.36 (C-17), 114.10(C-2" ), 145.37 (C-3"), 148(73-4" ), 116.81 (C-57), 120.75 (C-6"), 101.21XC}, 73.25,
(C-27), 77.23 (C-37), 70.72 (C-4""), 76.89 (C5'62.02 (C-6""), 103.39 (C-1""), 75.02 (C-2""" &@elt””"), 77.71
(C-37), 82.07 (C-57"), 176.44 (C-6""").

7B-hydroxy-23-ene-deoxojessic acid(3)

A yellow amorphous solid; FAB-M#1/z489.9 [M+H] (calcd. For C30H4905 1489.69) C, 73.73; H, 9.90; O,
16.37; Found: C, 73.74; H, 9.92; O, 16.38; UV (MéQhhax (logs) 210 nm; IRvmax 3649, 2591, 1962, 1542, 785
cm-1;'"H NMR (50 MHz, CROD-d4):H-1: 3.55, H-3: 4.52 (dd] = 6.8, 10.4 Hz) , H-5: 2.76 (dd,= 4.0, 14.0 Hz),
H-7: 3.56, H-8: 1.29, H-17: 1.57, H3-18:1.61, H2-0%5 (d,J = 4.4 Hz) 0.81 (dJ = 4.8 Hz), H-20: 1.40, H3-21:
0.92 (d,J = 6.4 Hz), H-24: 5.10 () = 12.0 Hz), H3-26: 1.01 (s), H3-27: 1.05 (s), H3-2D7 (s), H3-30: 1.68 (s);
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13C NMR (125 MHz CROD-d4): 73.5(C-1),37.7 (C-2), 71.4 (C-3), 46.9(C-4), B{C-5), 29.7 (C-6), 70.6 (C-7),
25.3 (C-8), 26.1 (C-9), 29.2 (C-10), 27.2 (C-113,B(C-12), 56.0 (C-13), 30.9 (C-14), 37.9 (C-138,4 (C-16),
53.0(C-17), 17.8 (C-18), 22.0 (C-19), 37.2 (C-29,0 (C-21), 26.0 (C-22), 34.0 (C-23), 126.3 (C;2481.9 (C-
25), 18.2 (C-26), 19.3 (C-27), 180.6 (C-28), T2209), 26.1 (C-30).

7B-hydroxy-23- deoxojessic acid(4)

A yellow amorphous solid; FAB-M$n/z 525.359 [M+Na] (calcd. for C31H5005Na 525.3556); C, 74.06; H,
10.02; O, 15.91; Found: C, 74.06; H, 10.04; O, 2518V (MeOH) Aimax (loge ) 210 nm; IRvmax 3655, 2327,
1550, 765 ci; *H NMR (50 MHz, CQROD-d4): H-1: 4.0, H-3: 5.60 (dd] = 4.5, 12.0 Hz) , H-5: 3.71 (dd,= 4.0,
12.5 Hz), H-7: 4.12 (ddd] = 4.0, 8.5, 11.0 Hz), H-8: 2.10(d= 8.5), H-17: 1.15, H3-18:1.15, H2-19: 0.55 Jd&;
4.5 Hz) 1.11 (dJ = 4.5 Hz), H-20: 1.50, H3-21: 0.98 (@~ 5.0 Hz), H3-26: 1.06 (d] = 7.0 Hz ), H3-27: 1.05 (d,
= 7.0 Hz), H3-30: 1.33 (s), H-31: 4.86 (br) 4.87)(*C NMR (125, MHz, CROD-d4), d: 73.0(C-1),39.4 (C-2),
70.0 (C-3), 55.8(C-4), 37.0 (C-5), 34.7 (C-6), 7(@W7), 55.4 (C-8), 21.4 (C-9), 31.2 (C-10), 27C2X1), 33.8 (C-
12), 46.5(C-13), 49.8 (C-14), 38.0 (C-15), 29.31(§); 52.5(C-17), 18.2 (C-18), 28.3 (C-19), 37.22@; 19.0(C-
21), 35.9(C-22), 32.2 (C-23), 157.2(C-24), 34.528), 22.6 (C-26), 22.5(C-27), 10.2 (C-28), 18(0529), 19.5
(C-30), 107.1(31).

p-Sitosterol (5)

A White Amorphous solid; mp 138-1%0; FAB-MS m/z415.431[M+H] (calcd. for GgHsO C, 83.99; H, 12.15;
0O, 3.86; Found: C, 83.98; H, 12.17; O, 3.8H-NMR (50 MHz, CQOD) &: 3.74 (1H, m, H-3), 1.17, 1.00, 0.99,
0.98, 0.96, 0.86 (each 3H, s, §H0.95 (6H, s, 2xCH3)*C-NMR (125 MHz, CQOD) &: 72.8 (C-3), 61.3 (C-10),
53.2 (C-8), 49.1 (C-4), 42.8 (C- 18), 41.7 (C-6),B(C-13), 39.3 (C-22), 38.4 (C-14), 37.8 (C-9),13(C-5), 36.1
(C-16), 35.5 (C-11), 35.3 (C- 19), 35.2 (C-29),BKC-2), 32.8 (C-21), 32.0 (C-15), 32.1 (C-28),88L(C-30), 30.6
(C-12), 29.7 (C-17), 28.2 (C-20), 20.1 (C-26), 16C727), 18.2 (C-25), 17.5 (C-1), 16.4 (C-24), 1§B7), 11.6
(C-23).

p-Sitosterol-3-O-glucoside (6)

A White Amorphous solid; mp 277-27%8; FAB-MSm/z565.21[M+H] (calcd. for GgHg;,0s C, 72.87; H, 10.48; O,
16.64; Found: C, 72.89; H, 10.49; O, 16.86:NMR (50 MHz, DMSO#d6) 8: 5.42 (1H, m, H-6), 4.95(1H, d=5.0,
H-1'), 3.80-3.00 (sugar H), 1.05 (3H, s, 194H..03-0.85 (12H, 21, 29, 27, 26-QH0.71 (3H, s, 18-CH3).*C-
NMR (125 MHz, DMSOd6) &: 140.4 (C-5), 121.3(C-6), 76.8 (C-3), 56.1 (C-185,3 (C-17), 49.6 (C-9), 45.1(C-
24), 41.8 (C-13), 38.3 (C-12), 36.8 (C-1), 36.21(@-35.4 (C-20), 33.3 (C-22), 31.4 (C-7), 31.3 (C-H.2 (C-
2),28.7 (C-25), 27.7 (C-16), 25.4 (C-23), 23.7(Q;1R.6 (C-28), 20.6 (C-11), 19.7 (C-26), 19.1 (@)-;118.9 (C-
27),18.6 (C-21), 11.7 (C-29), 11.6 (C-18), 100.71(; 76.8 (C-3), 76.6 (C-5"), 73.4 (C-2"), 70Q-4"), 61.0 (C-6").

4.Biological evaluation

4.1 Preparation of test solution:

Test solution of four different concentrations 2%. 12.5, 25 and 50 mg/mL ) were prepared by Hissp the
extract in the normal saline.

4.2 Bacteria

The bacteria used in this study included three Gpasitive bacterieStaphylococcus epidermid{&\TCC9615),
Bacillus subtilis (ATCC1174) andStaphylococcusaureus (ATCC25175) and three Gram-negative bacteria
Klebisella penumoniae (ATCC33495), Pseudomonas aeruginosgdATCC12453) and Escherichia coli
(ATCC10536). The pathogenic bacterial strains watainedfrom ATCC (American type Culture Collection,
Manassas,V A) and maintained in the MicrobiologwiBibn of Pharmacology Department, Indian institofe
integrative medicine ( India) and maintained ataldw@boratory conditionsS.aureusATCC 25175 was maintained
by subculturing on Trypticase soy agar (Difco Latiories, Detroit, Ml) at 3.

4.3 Animals
Wistar rats were maintained in a standard envirottatecondition and fed with standard laboratory dat and
water ad libitum. The rats were acclimatized to laboratory conditions for a week before the experits.

4.4 MIC determination of G. mollis (Methanolic extract)

The MIC was determined as per the guidelines ahi€ll and Laboratory Standards Institute (formaliye
National Committee of Clinical Laboratory Standarf#sl]. All bacteria used in this study were grotenstationary
phase for 24 h at 8C. Bacterial suspension were prepared by suspergidg grown culture in brucella broth
(Difco Laboratories) (for anaerobic bacteria) andrie normal saline (for aerobic bacteria).Thebidity of
bacterial suspensions was adjusted to a McFarlamlard of 0.5, which is equivalent to 1.5 TIFU/ml. The
twofold serial dilutions of5. mollisextracts were prepared in Muller Hinton broth (DBifcaboratories) for aerobic
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bacteria. BHI broth for 5% C{rultures, and Wilkins-Chalgren broth for anaerdiacteria in amounts of 100ul per
well in 96-well U-bottom microtiter plates (Trasdviumbai, India). The above mentioned bacterial snspn was
further diluted in respective growth medium, antio®ul volume of this diluted inoculums was adde@ach well

of the plate, resulting in a final inoculums of 5& CFU/ml in the well: final concentrations &. mollis extract
ranged from 15.6 to 4,000ug/ml. The plates werabated at 3T for 24 h. The plates were read visually, and the
minimum concentration of the compound showing nbitlity was recorded as the MIC.

4.5 Time-kill studies againstS.aureus

S.aureusATCC 25175 was grown in BHI broth at°&7for 24 h. The turbidity of the suspension wasiatgd to 0.5
McFarland standard in sterile normal saline. Altofa200pl of this suspension was used in inocudiml of BHI
broth containing increasing concentration of methianextract G.molli§ ranging from 125 to 1,000 pg/ml.
Dimethyl sulfoxide controls were also included e tstudy. Suspensions were incubated ¥t 33@nd the number of
CFU was determined on BHI agar using a serial iditutnethod at various time points [22].

4.6 Antimicrobial activity against adherentS.aureus in water-insoluble glucan

The formation of water-insoluble glucan Byaureusvas performed by a previously described methodl B3efly,
aliquots of 100pl of culture @.aureusATCC 25175 (1x10to 1x 16 cells/ml) were inoculated into 10 ml of fresh
BHI broth containing 2% sucrose (w/v) in the tegids and incubated at°&7for 24 h at an inclination of 80The
fluid containing planktonic cells was gently remdv&he water —insoluble glucan containing cellsScdureus
ATCC 25175 were gently washed with 10ml of stewiteter and resuspended in 10ml of citrate bufferrtd\d, pH
6.0) containing 1,000 pg/ml methanolic extra@trollig, followed by incubation at 3 for 5 min.The mixture
was gently washed again with sterile water contgiril.1% Tween 80 (w/v). After incubation of celts33°C for 6,
12, 18 and 24 h, the acid produced by the cultae measured by using a pH meter. The fluid comtgifriee cells
of S.aureusATCC 25175 was gently removed. The water-insolgiilean was resuspended in 10 ml of sterile water
and homogenized using five 30-s ultrasonic buestd, the turbidity was measured at 610 nm.

4.7 Postantibiotic effect (PAE)

The postantibiotic effect (PAE) of methanolic extréG.mollig was determined by the method described by Crag
and Gudmundsson [24]. Bacterial suspensio®saureusATCC 25175 was prepared by suspending 24-h grawth
sterile normal saline. Methanolic extract@fmollis was added at the MIC and 2 x MIC into test tubastaining

10° CFU of each isolate per ml in BHI broth. After selh exposure (5min) to the methanolic extra@trfiollis),
samples were diluted methanolic extragtriollis) to 1: 1,000 to effectively remove methanolic extrG.mollis).
Samples were taken every hour, and the number of @&s determined until turbidity was noted. The PEA-C,
where T represents the time required for the cauniie test culture to increase 1 {p@FU/ml above the count
observed immediately after drug removal and C isgts the time required for the count of the uméeaontrol
tube to increase by 1 lggCFU/m.

4.8 Selection of resistant mutant ivitro

The first-step mutants &.aureusATCC 25175 was selected using a previously desdribethod [25]. A bacterial
suspension containing 109 CFU (100 pl) was platedBbll agar containing methanolic extra&.fnollig at
concentration equal to 2 x, 4x, and 8x MIC. Muwatirequency was calculated by counting the totahiber of
colonies appearing after 48 h of incubation &C3ih 5% CQ on the methanolic extradB(mollig -containing plate
and by dividing the number by the total number ofUCplated. All mutation prevention concentration
determinations were made in triplicate and resuéiee identical.

4.9 Anti-inflammatory effect

The anti-inflammatory activity was evaluated ushag) paw edema as a model for acute inflammationded in
male Wistar rats by formaldehyde [26-27]. Rats weikéded into 2 groups. The first group served asegative
control received I.P. injection of vehicle, 0.25%d&im carboxy methyl cellulose. Rats in second praere
divided into subgroups and treated with the methermmmd fractions (chloroform, ethyl acetate andtamol). The
organic extracts were suspended in 0.25% sodiutmorgmethyl cellulose using sonicator and injectioa 1.P.
route one hour before formaldehyde. Edema was edibg injecting 0.2 ml formaldehyde solution inte trat hind
paws. The volume of the rat paw before, 1 and Zsmjection of formaldehyde were measured. Theival of
edema is expressed in ml (mean+SEM). Protectiorildgénflammation is expressed as % inhibition déma 1
and 2 hours after formaldehyde injection in comgariwith the control group. Difference between ¢batrol and
the treated groups was analyzed using Studetdst for the methnolic extract and one way analggivariance
(ANOVA) followed by Tukey-Kramer multiple comparisaest for the fractions. A value of 0.05 or less was
taken as a criterion for statistically significatifferences.
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4.10antihypertensive activity

The male Wistar rats were kept in room with 12hkdand 12h light cycle. Water and food were provided
libitum. The rats were anesthetize using 25% (w/v) aquacethane at a dose of (1.25 g/kg b. wt. i.p.).cheotid
artery was cannulated and connected to an ITT bjwedsure transducer for measurement of the drtddad
pressure. The heart rate was calculated from thedbbressure pulse by increasing the rate of réogrfdom 0.05

to 1 cm set in the Narco Physiograph Coupler. All tested estgan a dose of 20 mg/kg b. wt except butanol
extract 3mg/kg b. wt. were injected intraperitohealhanges in blood pressure were quantified in lHgrusing the
calibration system built-in the physiograph. Change the heart rate were calculated as percenthgege
compared with the pre-drug level [28].

4.11 Diuretic effect:

A rat weight 200-25@ is placed in a metabolic cage (TECHNI PLAST — LA 170022) for 24 hours where the
urine is collected from both control (which is givealine) and different extracts Gf mollis All volumes of urine
are collected and measured according to the meathddedi, T., et al [28].

4.12. Statistical analysis
Results were expressed as % decrease and Mean +WBEM applicable. Statistical significance waseiggising
Student’g-test. The difference was taken to be statisticgitipificant at p<0.05.

RESULTS AND DISCUSSION

2.1 Chemistry :

Methanol extract of the aerial part@fewia mollisafforded six compounds after repeated column chtographic
separation and purification of each fraction. Thegre identified as two flavonoids, two triterpermicand two
steroids by spectroscopic analysis.

Compoundl (Figure 1) was obtained as a yellow amorphous powatter crystallization from MeOH. An [M+H]
peak at 287 in FAB-MS along with the analysi§3tﬁ-NMR, DEPT showed its molecular formulas8,00s. The
'H-NMR spectrum ofl showed six methyl singlet signals. The singlet peid.85 (1H, s) was identified as H-19
proton signal attached on an olefinic double bdndthe *C-NMR spectrum, 14 carbon signals were observed,
which included two olefinic carbons &at142.7 andd 129.7 and an oxygenated carbon5af9.0. As the result,
compound! was identified as Luteolin, which was reportedhia literaturg7-11].

Copmound 2 (Figure 1) was obtained as a yellow amorphous owdluble in water. Positive ion FAB-MS gave
a molecular ion peak at/zat 625.1, ([M+H] -galacturonic acid) at 449.1 and ([M+¥Hpalaturonic acid-glucose)
at m/z 287 indicates the presence of galactournic acil glncose moieties. Based on this data 2hiead the
molecular formula GH,0:; (Mw 624). Based on the analysis of th¢ and *C NMR, HMQC and HMBC
spectrum and a comparison of the data with theatitee [12]. Compoun@ was determined to be 7-(1{Ob-
galacturonide)- 4"-(1-OB-glucopyranosyl)-3°4",5,7-tetrahydroxyflavone.

Compound3 (Figure 1) was isolated as a yellowish amorphollig.sBositive ion FAB-MS gave a molecular ion
peak atm/z489.9 [M+HT, consistent with the molecular composition of C8885. The IR spectrum & showed

a broad band at 3649 ¢imand a sharp band at 1542 tindicating the presence of hydroxyl and carbonpugs.
The'H and**C NMR spectra indicated that this compound belortgeithe class of triterpenoids. The spectrum

of 3indicated that the compound was pure with threggergted protons and six methyl groups. A highlglsled
peak atsH 0.45 (d,J = 4.4 Hz, H-19) suggested the presence of a cyapyp ring [13]. The'*C spectrum of
compound3 contained 30 signals: six methyls, eight methylefiee methines, three oxygenated carbons, and eigh
quaternary carbon peaks. Th¢ and**C NMR signals in methanal4 showed typical signals for the cyclopropane
methylene protons with peaks&@/oH 22.0 (C-19)/0.45 (d] = 4.4 Hz, H-19) and 0.81 (d] = 4.8 Hz, Hi-19); two
guaternary carbons &C 29.1 (C-9) an@dC 29.2 (C-10). Three oxygenated methine peaks wleserved a8C/5H
73.5 (C-1)/3.55 (br, B+1); 8 C/6H 71.4 (C-3)/4.52 (dd) = 10.4 Hz, 6.8 Hz, &-3), 5C/6H 70.6 (C-7)/3.56 (br, Bt

7). From HSQC and HMBC correlations, the protorboar pairs were connected to each other asgdHL
correlations were determined to obtain a cycloartigpe triterpene. HMBC correlations for the fusminthe A/B
rings was confirmed by the correlation of H-381(1.07, s) to C-33C 71.4), C-5&C 37.5), C-284C 180.6); H-5
(8H 2.76, dd,J = 4.0 Hz, 14.0 Hz) to C-43C 46.9), C-3 §C 73.5), C-6 §C 29.6), C-7 §C 70.6) and C-195C
22.0). Similarly, the B/C ring fusion was confirmbyg correlation of H-19 to C-&C 25.3), C-9 C 26.1), and C-
11@C 27.2), and H-8 (1.29, s) to C-7, C-11, C-3€ (30.9), and C-1%C 22.0). After confirming the fusion of the
C/D ring at position C-13 and C-14, the attachmeithe alkyl side chain was determined. A strong B{/
correlation from H-17 §H 1.57, m) to C-143§C 30.9), C-21 §C 19.0), C-22 gC 26.0), and C-275C 17.8)
indicated the point of attachment of the alkyl chat C-17 thereby confirming the cycloartane skeleBased on

512



Hanan M. Al-Youssefet al J. Chem. Pharm. Res,, 2012, 4(1):508-518

the NMR spectral evidences and a comparison ofi#tte with the literature [14]. compouBdwvas determined as
7B-hydroxy-23-ene-deoxojessic acid.

23 24

HO
HO

OH

Figure 1. Chemical structures isolated from aerial part ofGrewia mollis.

Compound4 (Figure 1) was also isolated as a yellowish amouphswlid. Positive ion FAB-MS gave a molecular
ion peak atm/z525.3591 [M+Na], confirming the molecular composition of C31H500%e IR spectrum of
showed a broad band at 3655 tand a sharp band at 1550 timdicating presence of hydroxyl and carbonyl
groups. ThéH and**C NMR spectra indicated that this compound alsormgd to the class of triterpenoids. The
'H NMR spectrum o#t in methanold4 indicated that the compound had three oxygenatetbps and six methyl
groups. A highly shielded doublet &t 0.59 (d,J = 4.5 Hz, H-19) suggested the presence of a cyojybrring
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[13]. The'®C spectrum of compound contained 31 signals: six methyls, nine methylefiies, methines, four
oxygenated carbons, and seven quaternary carbdes.p&he’H and *C NMR signals in methanal4showed
typical signals for the cyclopropane methylene @gmetwith peaks a&C /6H 28.3 (C-19)/0.59 (d] = 4.5 Hz, H-19)
and 1.14 (dJ = 4.8 Hz, H-19); two quaternary carbons & 21.4 (C-9) andC 31.2 (C-10). Three oxygenated
methine peaks were observed@t/oH 73.0 (C-1)/4.02 (br, Bt1); 6C /6H 71.0 (C-3)/4.14 (br, &-3),3C /6H 70.0
(C-7)/5.63 (ddJ = 12.4 Hz, 4.5 Hz, B+7). The HSQC and HMBC correlations confirmed tbampound4 had a
similar cycloartane-type skeleton as thaBoHMBC correlations for the fusion of the A/B ringss confirmed by
the correlation of H-293(H 1.80, s) to C-33C 71.0), C-5§C 37.3), C-284C 180.5); H-5 to C-43C 55.8), C-3, C-
6 (6C 34.7), C-7 &C 70.0), and C-195C 28.3). After connecting the fragments togethemftHMBC correlations,
as discussed above, compouhidas also the flat structure. The only differeneergen compound and compound
4 was the position of the double bond in the alkgliesthain. The position of the double bondtiwas confirmed
from the HMBC correlations of H-251 2.28, m) to the two methyl doublets, C-3€(22.6) and C-273C 22.5).

To determine the stereochemistry of compodndlD and 2D ROESY experiments were carried outthactarbon
chemical shifts were compared to those in liteeafd®]. Theg-orientation of H-3 §H 5.63, dd) was confirmed
from its coupling constantd € 12.4 Hz, 4.5 Hz). A strong correlation of H-3He5 (6H 3.74, ddJ = 14.0 Hz, 4.0
Hz); H-5to H-7 §H 4.14, br) and H-7 to H-&H 2.12, br) showeg-orientation of these four protons. Further, the
transfusion of the C/D rings was established from theB®¥ correlations of H-8 to H-1&d 1.18, s) and H-7 to
H-30 @H 1.33, s).From the ROESY data and its comparisditdrature values [14], the structure of compodnd
was confirmed to beffhydroxy-23-deoxojessic acid.

Compounds and6 (Figure 1) were identified g%-sitosterol ) and p-sitosterol-3-O-glucosides] by comparing
physicochemical and spectral data with publisheeddtures [15-18].

2.2 Biological Evaluation:

The invitro antibacterial activity of the aerial part &rewia molliswas investigated against various strains of
bacteria such aStaphylococcus epidermidis, Bacillus subtilis, &tdpcoccus aureus, Klebsiella pneumoniae,
Pseudomonas aeruginosand Escherichia coliby Kirby — Bauer disc diffusion method. The metHanextract
showed significant activity againStaphylococcus epidermidis, Bacillus subtilis amalpB8ylococcus aureughen
compared with the standard antibiotics Cloxaci{Bhmcg/disc), Amoxicillin (10 mcg/disc) and Ciproflacin (5
mcg/disc) respectively. Methanolic extract ®@mollis aerial part showed inhibitory activity against locavity
pathogen. It exhibited an inhibitory effect on ocakity pathogen tested (MIC of 62.5 to 500 pg/miith minimal
bacterial concentration that was twofold greatemtlthe inhibitory concentration. Methanolic extrasthibited
concentration-dependent killing &taphylococcusureus ATCC25175 up to 4 x MIC and also prevented the
formation of water-insoluble glucaithe anti-inflammatory activity of the aerial paft ®.mollis was investigated,
the methanolic extract exerted the highest antximfmatory effect after two hours.

Table 1: Evaluation of antibacterial activity of methanolic aerial part extract of Grewia mollis

_— . Zone of inhibition (mm)
S. . . Standard antibiotic | Zone of inhibition of
No Microorganism used and concentration  standard in mm 250 | 500 | 750 | 1000 | 1250
mcg | mcg | mcg | mcg | mcg

1 | Staphylococcus epidermidis g:lgfgcnlm 21 mm 9 10 12 13 15
2 | Bacillus subtilis Amoxicillin 19 mm o | 11| 13| 14| 16

10 mcg

Ciprofloxacin
3 | Staphylococcus aureus 5 mcg 20 mm 14 20 20 21 22

. . Levofloaxin
4 | Klebisella penumoniae 5 mcg 35 mm 2 4 4 6 8
. Amikacin

5 | Pseudomonas aeruginosa 10 mcg 26 mm 5 6 8 8 10
6 | Escherichia coli Sparfloaxin 22 mm - - 4 6 7

5 mcg

Antibacterial Evaluation

Kirby — Bauer disc diffusion method [19] was udedthe antibacterial study. Cloxacillin (5 mcgfisAmoxicillin
(10 mcg/disc), Ciprofloxacin (5mcg/disc), Levoflaka (5 mcg/disc), Amikacin (10 mcg/disc) and Spadficin (5
mcg/disc) were used as the standard antibioticghferorganismsStaphylococcus epidermidiBacillus subtilis
Staphylococcus aureuflebsiella pneumonigePseudomonas aeruginosand Escherichiacoli respectively. The
filter paper impregnated with methanolic extradttfe concentrations of 250 mcg/ml, 500 mcg/ml, Tagy/ml,
1000 mcg/ml and 1250 mcg/ml.) and standard antbidisc were placed aseptically on the Muller-Hmtagar
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medium (Hi-Media, Mumbai) which was already swabhséith the test organism and incubated at 37°C 6tall8
hours. The zone of inhibition in mm was measuretithe results were given in Table 1.

The observation of the minimum inhibitory concetitna study for methanolic extract agairStaphylococcus
epidermidis, Bacillus subtilis, Staphylococcus aste Klebsiella pneumoniae?seudomonas aeruginosand
Escherichia coli From the data it is evident that methanolic ettia active against both gram positive and gram
negative bacteria, but more active against granitipesbacteria such aStaphylococcus epidermidiBacillus
subtilis and Streptococcus aureu$Vith standard antibiotic such as Cloxacillin (SgjicAmoxicillin (10mcg) and
Ciprofloxacin (5mcg) respectively.

To evaluate the antimicrobial activity against aratroorganism, MIC was determined and the resuthethanolic
extract is shown in Table 2. Methanolic extractibited an MIC range of 64 to 250 pug/ml against ohal cavity
pathogenStaphylococcus aureus

Antibacterial activity

Table 2: MIC determination of the active samples

MIC (pg/ml)
S.aureusATCC | MRSA 15187
G.Mollis (Methanolic extract), 64 128

Plant code

Ciprofloxacin was used as a standard antibactesigént in this study
MRSA: Methicillin-resistant Staphylococcus aureus

The MIC of extract (250 pug/ml) showed a 3-log reéaurcin growth in 10 h, compared to untreated cantvhile
2x MIC and 4x MIC could reduce the CFU codtaureusATCC25175 below the detection limit (>50 CFU/mh) i
8 h and 4 h respectively. The kill kinetics studpwed that methanolic extract exhibit a time andcemtration-
dependent killing effect againSt aureusATCC25175.

The adherent cells &. aureusATCC25175 treated with extract at 1,000 pg/ml gsdewly and water-insoluble
glucan synthesis was inhibited in the presenceusfose. In contrast, adherent cells without exttaeated
treatment grew well and there was synthesis of miasoluble glucan in the presence of sucrose. B of
extract resulted in the slower acidification of threth in the presence of sucrose, and a pH ov@s’recorded after
a 42 h incubation.

However preliminary phytochemical analysis of methlec extract revealed the presence of carbohydrate
glycosides, phytosterols, flavonoids triterpenads phenolic compounds. The location of antibaategents from
components ofG. mollis is in progress to identify potent antibacterigleats. The antibacterial activity in
methanolic extract os. mollisby Kirby —Bauer disc diffusion method showed gaodibacterial activity against
gram positive organism.

Table 3: Effect of the successive fractions @. mollis on formaldehyde-induced rat paw edema after onewto
hours of injection.

. % inhibition of inflammation | % inhibition of inflammation
Treatment group (500mg/kg, i.p) After One hour After Two hours
Methanolic ext. 389+1.3 38.7+2.3
Chloroform 144+1.9 13.9+0.9
Ethyl acetate 27.0+£2.1 0.7+0.1
Butanol 39.6+1.1 21.7+0.3

Anti-inflammatory effect

The anti-inflammatory activity was indicated by thkility of the test materials to decrease the mawf edema
induced by formaldehyde after one and two hourigsohjection comparing with the control. Percemtarj edema
inhibition produced by extracts was calculated ablé 3. Methanolic extract 500 mg/kg I.P. showeghpunced
anti-inflammatory effect by 38.9+1.3 and 38.7+2ft@aone and two hours of injection respectiveliisTeffect may
be due to its steroidal and/or triterpenoidal cosijimn which has proved as anti-inflammatory at$iyR0] on the
other hand, butanol extract 500 mg/kg is approxétyads potent as methanolic extract 39.6 +1.1 after hour
injection, however, is less potent as anti-inflartona as methanolic extract by 21.7+0.3 after twaursoof
injection. Chloroform extract has shown to inhitiie induced inflammatory response to formaldehydea tesser
extent by 14.4+1.9 and 13.9+0.9 after one and tawr$irespectively, followed by ethyl acetate fractby 27.0+2.1
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and 0.7+0.1 after one and two hours respectivelye piresent findings give enough information thattfoms ofG.
mollis provide inhibitory affects in inflammatory procasswhich supports the use of this plant for thetneent ol
arthritis, dermatitiand wounds in the Saudi medicine. However, toxisttydies are required to prove the safet

this plant.
T MW one hour
T ﬂ two hours

methanolic chloroform ethylacetate  butanol
extract

l % inhibition of inflammation

Figure 2: effect of the successive fractions G. mollis on formaldehydeinduced rat paw edema after one, tw
hours of injection.

Antihypertensive activity

Intraperitoneal administration afiethanolic extrac(20 mg/kg b. wt.) chloroform extrac (20 mg/kg b. wt.), ethyl
acetate extract (20 mg/kg b. wahd butanol extrac(3 mg/kg b. wt.)into the urethananesthetized rats induced
dose dependent decrease in the arterial bloodyvesasd heart rate. Table 4 presented the effemietiianolic an
different extracts of5. mollis.Most of the cardiovasiar depressant activity is found more pronouncebutano
extract at the smatlose of 3.0 mg/kwhich produced a perceptible fall in arterial prtessby22.5 mmHg when
compare with a control groughe effect of methanolic, chloroform and ethylatetextractsat the dose of 20
mg/kg b. wt. in the arterial blood pressure inditgithat the methanolic extract possess vasodepresastivity by
27 mmHg followed by chloroform extract by 18 mmHugpwever, ethylacetate extract have minor effect
decreasing blood pressure at the dos 20 mg/kg b. wt. by 13 mm Hg when compare with at@drgroug. Also,
the percentage decrease in heart rate was moreyroed in butanol at small dose of 3.0 mg/kiby 32.1. The
cardiodepressant activity of the methanolic extract aibae of 20 mg/kg b. wt. showt significant decrease in
heart rate by 35.7 mmH@n the other hand, the chloroform extract was desere heart rate 127.6 at a dose of 20
mg/kg, while ethylacetate shown little change in heart rate. tMdsthe cardi-depressant activity seemed to
contained in the butanol and methanolic extracta dbse dependent manner while ethylacetate extesctno
shown any significant decrease in arteriressure and heart raté would be evident from above that the bute
and methanolic extracts &. mollis possess a marked potency for lowering the bloodspre and heart rate in ri
at a dose-dependent manniedicating that they possess a vasdion action.

Table 4: Effects of methanolic and different extracts of G.mollis on arterial pressure and heart rate

Extract Decrease in Arterial % Decrease in heart rats
pressure mmHg
Methanolic ext.(20 mg/ki 27+1.2 35.741.1
Chloroform (20mg/kc 18+ 2.0 27.6+1.5
Ethylacetate (20 mg/k 13+1.4 5.0+0.4
Butanol (3 mg/ke 22.5+1.7 32.1+1.1

Table &: Results of diuretic effect ofG.mollis extracts

Extracts (500mg/kg, i.p | Percentage change Urine color
Methanolic exi 19.3 Light amber
Chloroform 16.2 Light amber
Ethyl acetat 137.3 Reddish ambe|
Butano 131.2 Yellow
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Figure 3: effect of the successive fractions G. mollis on blood pressure and heart rate

B diuretic effect
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Figure 4: effect of the successive fractions G. mollison urine output.

Diuretic activity

The diuretic activity of different extracts G. mollisin a dose of 500 mg/kg i.p. was studied in comparisith a
control group using normal saline in ratthyl acetate and butanol extracts showed a sigmfidecreased on tl
urine output by 37.5% and 31.2% respectively. Whildoroform and methanolic extracts produced dlg
decreased in urine output by 6.2% and 9.3% at a dbS00 mg/kg respectivewhen comparison to control grot
Table 5. The results of this study indicated 1G.mollis extracts may contain compound (s) that mediatecekfg
decreasing in blood flow in the kidneys and dedrgas the glomerular filtration rate resulting deciease urine
output, i.e., G. mollis extracts act as oliguresis (oliguria) that decret#s® volume of the urine. Furth
experimentation is needed in order to understaadthcise mechanism of action of the diuretic ¢féecdifferent
extracts.
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