Rabab Mohammed, et al., /Journal of Natural Products, Vol. 5(2012):193-206

ISSN/M9-5211

Journal of Natural Products
Volume 5 (2012)

Research Paper www.JournalofNaturalProducts.Com

Biological investigation of some wild Aizoaceae and Chenopediaceae
species growing in Egypt

Rabab Mohammed’, Seham S. El-Hawary, Amira M. Abo-youssef
School of Pharmacy, Pharmacognosy Department, Behi3niversity, 21166, BeniSuef, Egypt
* Corresponding Author
(Received 30 May 2012; Revised 01-26 June 2012¢epted 28 June 2012)

ABSTRACT

Six plants belonging t&izoaceaeand Chenopodiaceadamilies from Egypt were
investigated for their potential use as antimicatdbiagainst several Gram positive,
Gram negative bacteria and fungi. Tindexane extract of the tested plants showed
inhibition zone of 27-22mm againBacillus subtilis Staphylococcu aureudone of
the tested extracts showed any activity agafsgudomonas aeruginoset Botrytis
cinerrea The polar extracts did not show any remarkablebition for the tested
microorganisms. The nonpolar and polar extractsAwiplex lindleyi Mog. susp
inflata Fam. Chenopodiaceaewere further phytochemically screened for their
secondary metabolites. Eight compounds were igbldtem the whole plant.
Compound2, 3, 4 and8 are first reported fromtriplex lindleyi. The polar fractions
of Atriplex lindleyi Mog. susp inflata significantly decreased fasting blood glucose
level to 93.33+10.43 and 94.60+8.55mg/dl as coeghén the diabetic control value.
The screening of crude extracts obtained from s@meaceaeand Chenopodiaceae
species growing in Egypt has shown that some ohtivere potentially rich sources
for antifungal, antibacterial and antidiabetic agen
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INTRODUCTION

Many terrestrial plants have been subjected to awmand pharmacological
screening in order to discover their potentialfaman medicinal use. Several studies
have investigated manghenopodiacea@and Aizoaceaespecies for their biological
activities, such as the antioxidant and antivilvaty of Mesembryanthemum edule
L. and Mesembryanthemum crystallinuim and the antifungal activity ohtriplex
inflata (Ben Sassi, et al., 2008; Boughalleb, et al., 926@lleh, et al., 2011).

HoweverAizoaceaas poorly studied in Egypt. Reports have shown ¢femus
Mesembryanthemutnas long been used as food and in traditional celifor the
treatment of liver diseases and diabetes (Van VZQK8; Bouftira, et al., 2009; Al-
Faris, et al., 2010; Falleh, et al., 201¥esembryanthemum forsskadHpchst. Ex.
Boiss seedsAjzoaceak were found to be superior as a replacement ofatvfieur
(Mustafa, et al., 1995; Al-Qahiz, 2009rianthema portulacastrunh. (Aizoaceag
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was also found to possess antibacterial and agafusctivity against several human
pathogens (Animesh, et al., 1998; Sukanya and Mdle98; Nawaz, et al., 2001;
Gautam, et al., 2006; Kumar, et al., 2006).

The plants under investigation from Egypt were wmaplored for their
antimicrobial activities except for the work of Aldabl (1997) on the antimicrobial
activities of the volatile constituents éfnabasis setiferdaMoq (Chenopodiacege
Aizoonand Mesembryanthemui@izoaceag and Atriplex lindleyiMoq. susp inflata
(F. Muell) P.G. Wilson.Chenopodiacegenere not chemically or pharmacologically
investigated as medicinally useful none toxic @dndm the Egyptian deserts.

Atriplex is a plant genus of 100-200 species, known byctimemon name of
saltbush. The genus is quite variable and widetyributed. It includes many desert
and seashore plants and halophytes, as well adsptEnmoist environments.
Saltbushes are extremely tolerant of salt conterthé ground. Their name derives
from the fact that they retain salt in their legwetich makes them of great use in
areas affected by soil salination (Djerroudi, et 2011). Various species éftriplex
have been used for their important medicinal valuEsr example;Atriplex
semibacateR. Br andAtriplex vestitaThunb. Aellen have been used as an antifungal
agent and in the treatment of bronchitis (Bouglhalét al., 2009)Atriplex hortenisis
L. has been regarded as a source of vitami.Anflata has been reported to have
antifungal activity in the non-polar extract againember of plant fungal pathogens.
Atriplex inflata Muell and Atriplex parvifolia Lowe extracts were found to be
effective against Herpes simplex viral infectione(BSassi, et al., 2008). Several
species have been evaluated for their antidiabetiects, such asA. halimus
(Rodriguez and Murray 2010).

Several species ofAtriplex has been investigated for their chemical
constituents. The presence of saponins (Shakexl.,e2003; Jabrane, et al., 2011),
proteins, flavonoids, terpenoids (Broegger and Ob8&5; Siddiqui, et al., 1994) and
amino acids (Aman, et al., 2011; Tawfik, et al.12)) has been reported in many
species.

However no phytochemical screening has been rapanethe plant species
Atriplex lindleyi Mog. susp.inflata. In this research work the-hexane and ethyl
acetate fractions oAtriplex lindleyi Mog. susp inflata showed remarkable activity
againstBacillus subtilis Staphylococcus aureuaspergillus fumigatus addition to
three Fusarium species. We have isolated the major secondarybolées in these
fractions and tested them against the specifiedaiés.Atriplex lindleyiMoqg. susp
inflata solvent fractionsr-hexane, CHG| ethyl acetaten-butanol) were examined
for their antidiabetic and antioxidant activities.

MATERIALSAND METHODS
Plant Material: Six plants belonging to th€henopediaceand Aizoaceaefamilies
were collected and identified by Prof. AbdelHaleé&hdelMotagaly; Agriculture
Museum, Giza, Egypt. The plants were collectedwbeth March and August 2009-
2010), at the flowering stage, from the way fromr@# Suez Canal, located on the
east desert of Egypt. The voucher specimen’s nianBeAtri-09, R-Ana-09, R-Aizo-
09, R-MC-10, R-MF-10 and R-Trian-10 were deposigdhe Botanic Herbaium,
Agriculture Meuseum, Dokey, Egypt. Scientific namearts used and extract yields
of the plants in this study are listed in Table-1.
Preparation of plant extracts. Air-dried and finally ground samples (100g) of each
plant material were successively extracted thresegi with ethanol (70%) (3 x
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300ml). The alcoholic extracts were concentrated/acuum using rotavapour at
40°C. The residue was dissolved in distilled wadad was subjected to solvent
partitioning usingr-hexane (3 times x 200ml), CH{RB times x 200ml), ethyl acetate
(3 times x 200ml), and-butanol (3 times x 200ml). All solvents were driedder
vacuum, weighed and stored in sealed vials in ezée at the temperature —20°C,
until antimicrobial testing. Scientific names, pamsed and extract yields of the plants
in this study are listed in Table-1.

Mesembryanthemum crystallinuin. and Mesembryanthemum forsskaolii
Hochst. Ex. Boiss fruits (100g each) were collecad grounded in a blender while
fresh and were dried under vacuum. The dried natess then subjected to solvent
partitioning as described above.

Extraction and Isolation of Atriplex lindleyi Moqg. susp. inflata secondary
metabolites. Materials used for chromatography study include deaed silica TLC
plates 60 F 254 (20x20 cm) (E. Merck), Silica gel Merck) and Sephadex LH-20
(Pharmacia Fine Chemicals AB) for Column Chromapby. NP reagent angt
anisaldehyde reagents were used as spray reagerftavionoids, triterpenoids and
sterols. Air-dried and powdered plahiriplex lindleyiMoq. susp inflata (300g) were
exhaustively and sequentially extracted with etha®%). Each extract was
concentrated in vacuum to obtain the dried alcahasidue. The alcoholic extract
(10g) was subjected to solvent partitioning usindpéxane, CHG| ethyl acetate and
n-butanol). Each solvent fraction was dried undeuuan until dryness. The-hexane
fraction (4g) was subjected to silica gel colummoohmatography. Different sub-
fractions were collected and combined using TLQit@ white needles d¢f-sitosterol
and stigma sterol5( 6). The ethyl acetate fraction (1.2g) was chromatphed over
silica gel using gradient elution technique of Et2MeOH and successive sephadex
LH20 columns using MeOH as eluent and afford ongomizavonol quercetin X,
100mg) and the 20-hydroxyecdyson& (Omg) in addition top-sitosterol-30-
glucoside [, 20mg). Then-butanol fraction (2g) was screened by TLC, twoanaj
spots for flavonoid glycosides were visualized gsiNP reagent. Tha-butanol
compounds were purified using successive chromapbge columns of polyamide
and Sephadex LH20 two major flavonoid glycosidesewmurified and identified as;
guercetin  30-B-glucopyranoside 2, 7mg) and isorhamnetin ®-p-glucoside 8,
5mg) in addition to the 20-hydroxyecdysoBe{ mg)

Biological activity: The different fractions of the six plants were aésffor their
antibacterial and antifungal activities againstesal’ human and plant pathogens
according to (Jigna and Sumitra, 2007). The resutigpresented in Table-2A and 2B.

Different fractions ofAtriplex lindleyiMog. susp inflata were found to be of
the highest yield and were tested for their antidiec and antioxidants activities. The
results are presented in Tables-3 and 4.

Antibacterial activity of the tested plants extracts. Antibacterial activities were
investigated using agar well diffusion method. Hoévity of the tested samples was
studied againsbtaphylococcus aurey®CMB 010028) an@acillus subtilis(RCMB
010067) as Gram positive bacteria, @skudomonas aerugino$RCMB 010043),
Salmonella typhimurium(RCMB 010072),Escherichia coli(RCMB 010052) as
Gram negative bacteria. The solution of 5mg/mlaxftesample in dimethyl sulfoxide
(DMSO) was prepared for testing against bacterientifuged pellets of bacteria
from a 24 h old culture containing approximatelyl®6 CFU (colony forming unit)
per ml were spread on the surface of Nutrient &tygtone 1%, yeast extract 0.5%,
NaCl 0.5%, agar 1%, 1l distilled water, pH 7.0) @¥hivas autoclaved at 121°C for at
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least 20 min. Wells were created in the medium withhelp of sterile metallic bores
and then cooled down to 45°C. The activity was rdateed by measuring the
diameter of the inhibition zone (in mm). All sampl&ere prepared in DMSO which
was loaded as control. The plates were kept farbation at 37°C for 24 h then the
plates were examined for the formation of zonentiibition. Each inhibition zone
was measured three times by caliper to get an geeralue. The test was performed
three times for each bacterium culture. Ampiciland gentamicin were used as
antibacterial standard.

Antifungal activity of the tested plants extracts. Tested samples were screened
separatelyin vitro for their antifungal activity against various fungz. Candida
albicans(RCMB 05031) Aspergillus fumigatuRCMB 02568) Penicillium italicum
(RCMB 03924) Fusarium oxysporum (RCMB 08056)Fusarium s. cucurbitae
(RCMB 08042) Fusarium niveum(RCMB 08037) and Botrytis cinerrea(RCMB
07324) The culture of fungi was purified by single sposelation technique. The
antifungal activity was achieved by agar well dsitn method by the following
procedure:

Sabourad dextrose agar platess A homogeneous mixture of glucose-peptone-agar
(40-10-15) was sterilized by autoclaving at 1216€ Z0 min the sterilized solution
(25ml) was poured in each sterilized Petri diskaminar flow and left for 20 min to
form the solidified sabourad dextrose agar plafieégse plates were inverted and kept
at 30°C in incubator to remove the moisture ancheck for any contamination.
Antifungal assay: fungal strain was grown in 5ml sabourad dextrasghb(glucose:
peptone; 40:10) for 3-4 days to achieve 105 CFUWlik. The fungal culture (0.1ml)
was spread out uniformly on the sabourad dextrgse plates by sterilized triangle
folded glass rod. Plates were left for 5-10 mirtls® culture is properly adsorbed on
the surface of the sabourad dextrose agar platew. $fnall wells of size (4mm X
2mm) were cut into the plates with the help of weltter and bottom of the wells
were sealed with 0.8% soft agar to prevent the fibtest sample at the bottom of the
well. 10Qul of the tested samples (10 mg/ml) were loaded tiowells of the plates.
All samples were prepared in DMSO, which was loadedontrol. The plates were
kept for incubation at 30°C for 3-4 days and them plates were examined for the
formation of zone of inhibition. Each inhibition z® was measured three times by
caliper to get an average value. The test was ipee three times for each fungus.
Amphotericin B was used as antifungal standard.drug

Antibacterial and Antifungal activity of the purified compounds (1-8): Serial
dilution method was performed for determination afinimum inhibitory
concentration (MIC) of the isolated compourdd®: sets of test tubes, each containing
2ml of nutrient broth were prepared and sterilizede mg of the tested compound
dissolved in one ml DMSO were aseptically trangf@rto the first tube and after
thorough shaking, one ml of the mixture was asafyiantroduced into a second
tube. Such process was repeated from the secomidetilast tube of the series. Each
tube was then inoculated with one drop of freshigppared spore suspension of tested
organism and the whole series was incubated fdr & bacteria and 48 h for fungi
at 30°C. The tubes showing no growth of the testegnism (no turbidity) were
counted and the minimum dilution of the extractjclkihcaused the inhibition of the
tested organism, was calculated.

Antidiabetic activity: Table-3 is showing the fasting blood glucose of wiaabetic,
diabetic, diabetic treated rats with oral hypogiyee (positive control) and diabetic
administered different fractions éftriplex lindleyiMog. susp inflata Day 0 was the
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start of the experiment. The oral hypoglycemic agand the fractions were
administered for the first time after the baselbleod glucose concentration was
measured.

The normal control value of fasting blood glucoseel was 90.32+5.51mg/dl.
Streptozotocin  significantly increased fasting ldooglucose level to
353.80+39.42mg/dl as compared to normal contrale/al

Glimiperide (positive control) significantly decsssad fasting blood glucose
level to 95.08 + 5.83 mg/dl as compared to theetiakzontrol value.

Atriplex lindleyi Mog. susp inflata nbutanol and ethyl acetate fractions were
significantly decreased fasting blood glucose levil 93.33+10.43 and
94.60+8.55mg/dl as compared to the diabetic contahle.

It is to be noted that both-hexane and chloroform fractions @éitriplex
lindleyi did not significantly alter fasting blood glucossel of the diabetic rats.
Estimation of GSH and lipid Peroxidation (TBARS) levels. Table-4 is showing the
GSH and MDA levels of non diabetic, diabetic, diabetreated with oral
hypoglycemic (positive control) and diabetic adrsiared rats' different fractions of
Atriplex lindly.

The normal control value of serum GSH and MDA Isvelere
73.501£5.37mg% and 1.42+0.15nmol/ml respectivelyre@@bzotocin significantly
decreased serum GSH level to 42.77+3.27mg% andfisagntly increased serum
MDA level to 4.38+0.51nmol/mL compared to the not@ntrol group.

Glimiperide (positive control) significantly incread serum GSH level to
70.34+4.60mg% and significantly decreased serum M&#&I to 1.63+0.27nmol/ml
compared to the diabetic control value.

Both n-butanol and ethyl acetate fractions Afriplex lindly significantly
increased serum GSH levels to 64.12+4.20 and 68.35ig/dl respectively as
compared to the diabetic control value.

Both n-butanol and ethyl acetate fractions Afriplex lindly significantly
decreased serum MDA levels to 1.55+t088d 1.74+0.35nmol/ml respectively as
compared to the diabetic control value.

It is to be noted that botithexane and chloroform fractions Afriplex lindly
did not significantly alter GSH and MDA levels diet diabetic rats.

I dentification of the isolated compounds. Compoundsl-8 (Fig. 1) were established
conclusively by'H NMR, DEPT-135 and”*C NMR spectral analysis, MS and
comparison with spectral data reported in thedii@e.

Compoundl: Quercetin: CisH100; negative ion ESI-MS m/z 301 [M-A]*H NMR
(DMSO, 400 MHz)6 6.16 (1H,d, J= 2.0 Hz, H-6)¢ 6.38 (1Hd, J= 2.0 Hz, H-8)p
6.87 (1H,d, J= 8.4 Hz, H-9, 0 7.52 (1H,dd, J = 2.4, 8.4 Hz, H-§, 0 7.65 (1H,d, J

= 2.0 Hz, H-2; *C NMR, DEPT 135 and 2D NMR (HMQC, HMBC, COSY),
(DMSO, 125 MHz): compared with the reported datditerature (Guyenalp and
Demirezer, 2005).

Compound2: Quercetin 3-O-4-glucopyranoside: C,1H20012; negative ion ESI-MS
m/z 463 [M-HJ ;*H NMR (DMSO, 400 MHz): 6.15 (1H,d, J = 1.84 Hz, H-6),
6.36 (1H,d, J = 2.0 Hz, H-8),0 6.82 (1H,d, J = 9.16 Hz, H-H, ¢ 7.56 (1H,dd, J =
1.84, 9.0 Hz, H-9, 0 7.57 (1H,d, J= 2.0 Hz, H-2), 6 5.44 (1H,d, J= 7.2 Hz, H-1),

§ 3.05-3.53 (6H,m, H-2', H-3', H-4", H-5", H-6"); *C NMR and DEPT 135
(DMSO, 125 MHz): compared with the reported datditerature (Guyenalp and
Demirezer, 2005).
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Compound3: Isorhamnetin 3-O-f-glucopyranoside: CyH2,0:2; negative ion ESI-
MS m/z 477 [M-HJ;*H NMR (DMSO, 400 MHz) 6.08 (1H,d, J = 1.8 Hz, H-6),
6.29 (1H,d, J = 2.0 Hz, H-8),6 6.80 (1H,d, J = 8.24 Hz, H-H, ¢ 7.50 (1H,dd, J =
1.84, 9.0 Hz, H-§, 0 7.53 (1H,d, J= 2.0 Hz, H-2), 6 5.45 (1H,d, J= 7.32 Hz, H-1),

5 3.01-3.68 (6HmM, H-2", H-3', H-4", H-5", H-6"), § 3.86(3H, s, OCH); **C NMR
and DEPT 135 (DMSO, 125 MHz): compared with theoregd data in literature
(Hassanean and Desoky, 1992).

Compound4: 3B,23-dihydroxy betulin: CsoHs00-; positive ion ESI-MS m/z 441 [M-
H]; *H NMR and **C NMR and DEPT 135 (CDg| 400 and 125 MHz) were
compared to the data reported in literature (Tietoal., 1992; Mahato and Kundu,
1994).

Compound 8: 20-hydroxyecdysone: Cy7H4407; positive ion ESI-MS m/z 481
[M+H]*; *H NMR and**C NMR, DEPT 135 and 2D NMR (HMQC, HMBC, COSY,
NOESY), (Pyridine, 400 and 125 MHz) were comparedthe data reported in
literature (Giiwjlt and Lafont, 1988).

Compound5 and Compound6: obtained asterol mixture, ESI-MS,*H NMR, *°C
NMR and DEPT 135 (CDGJ 400 and 125 MHz) were compared to the data regort
in literature (Kamboj and Saluja, 2011), and wigttedof authentic samples.
Compound7: ESI-MS,*H NMR, **C NMR and DEPT 135 (C#DD, 400 and 125
MHz) were compared to the data reported in litema{Mizanur Rahman, et al., 2009)
and with data of authentic sample

RESULTS AND DISCUSSION
Our research aimed at identifying natural proddicisn Egyptian desert plants with
new biological activity. The 24 nonpolar and potmivent extracts of these plants
were evaluated for their antimicrobial activiti@@ble-1 shows the botanical names,
families, plant parts used and extract yield innggaThe antimicrobial activities of
the investigated extracts are shown in Table 2-é 2B, the positive standards used
for the tested microbes are listed in Table 2C. Phent extract is considered
significantly active when it shows an inhibitionnso of > 14 mm. The nonpolar
fraction of Atriplex lindleyi Mog. susp inflata, Anabasis setifera Moq,
Mesembryanthemum crystallinumadnd Mesembryanthemum forsskadtiochst. Ex.
Boiss showed remarkable activity against the gramsitpe Bacillus subtilisand
Staphylococcus aureustrains with inhibition zones ranged from 27-22 mm. The
nonpolar fraction ofAtriplex lindleyi Mog. susp inflata showed remarkable activity
against the tested fungal strains (excBptrytis cinerrea with inhibition zones
ranging from 23-17 mm. The nonpolar fractiondi@sembryanthemum crystallinum
L., Mesembryanthemum forsskaokliochst whole plant extracts were remarkably
active against the tested organisms compared Wwéh fruit extracts. None of the
tested extracts showed any activity agaiRseudomonas aeruginosar Botrytis
cinerrea Results with the inhibition zone of each extragtinst the twelve tested
microorganisms are listed in Table-2A and 2B.

The polar and nonpolar extractsAdfiplex lindleyiMog. susp inflata showed
the highest activity against the tested microbeselbas the highest extract yield and
was further screened for purification of the majecondary metabolites<Compounds
1-8 (Fig. 1) were purified from the polar and nonpdiactions ofAtriplex lindleyi
Mog. susp inflata and were tested against the twelve microbes. Cantd was
active againsFusarium oxysporurandFusarium s. cucurbitagith MIC of 0.24 and
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0.6pg/ml respectively. Compouddand8 were active againStaphylococcus aureus
andBacillus subtiliswith MIC of 0.98, 1.95 and 7.8,19g/ml respectively.

Both then-butanol and ethyl acetate fractionsAifiplex lindleyi Moq.susp
inflata significantly decreased fasting blood glucose letel93.33£10.43  and
94.60+8.55 mg/dl as compared to the diabetic comaiue. It is to be noted that both
n-hexane and chloroform fractions déftriplex lindley did not significantly alter
fasting blood glucose level of the diabetic rats.

Both n-butanol and ethyl acetate fractions Afriplex lindly significantly
decreased serum MDA levels to 1.55+0&81 1.74+0.35 nmol/ml respectively as
compared to the diabetic control value. Resultshef antidiabetic and antioxidant
activities are reported and illustrated in Table4. 3he alcoholic extracts of the six
plants did not show any cytotoxic activity agaiS&-MEL, KB, BT-549, SK-OV-3
cell lines.

Our results showed that the extracts obtained fitersix plants in this study
which grow in Egypt are efficient against severaian and plant pathogens. Ethyl
acetate ana-butanol which are the polar solvents used fortioaation were not or
marginally active against all the tested microbdse n-hexane extract which is the
less polar solvent used for fractionation was naw#ve against the tested microbes
(inhibitory zone of 27mm, compared with inhibitorpne of ampicillin Table-2C).
These results support the fact that the antagonistterial is concentrated in the
nonpolar extract (Boughalleb, et al., 2009).

The bioassay guided isolation of the active meitmlfrom the extract
showed the highest inhibitory activitjtfiplex lindley) leads to the identification of
compounds4 and 8. The two compounds belonging to the chemical ckasse
triterpenoids and sterols and have shown remarkabtevity againstFusarium
oxysporum,Fusarium s. cucurbitgeStaphylococcus aureuand Bacillus subtilis
These compounds probably inhibited the multiplmatof these microbial pathogens.
The two classes of metabolites are mostly commotinénnonpolar fractions which
may explain the remarkable activity of thdnexane extracts of the other plants.

The polar extracts ditriplex lindleyiwere evaluated for their antidiabetic and
antioxidant activity. The phytochemical screeniniytlese extracts leads to the
identification of three major flavonoids and flawith glycosides (compoundk3)
which are previously known for their antidiabetiedaantioxidant activities (Mahesh
and Menon, 2004) .

Compound2, 3, 4 and8 are first reported fromAtriplex lindleyi. However
compoundsl, 5 6 and 7 have been reported from seversriplex sp. These
metabolites belonged to three different chemicass#s; sterol, triterpenes and
flavonoids and the isolation of these metaboli@mgld be a useful contribution to the
taxonomic studies dhtriplex species from Egypt.

We conclude that the nonpolar extractAdfiplex lindleyi Mog. susp inflata
could be medically used as antibacterial agenteniksl polar extract which is rich in
flavonoids and flavonoid glycosides is medicinalgeful as antidiabetic and
antioxidant drug. The six plants under study amaroon in the Egyptian deserts as
food for the human or their animals. The goal db thtudy is to investigate the
potential use of these edible plants as medicing. @going research aimed to
further investigate Mesembryanthemum crystallinuridVP, Mesembryanthemum
forsskaoliilWP andAizoon canariensé., to isolate the active metabolites in their
hexane fractions which were responsible for theiimaicrobial activity.

199
Copyright © 2012, Journal of Natural Products, INDEY. Sudhanshu Tiwari, All rights reserved



Rabab Mohammed, et al., /Journal of Natural Products, Vol. 5(2012):193-206

Acknowledgments. We are grateful to Mr. Mohamed Zaki at the Univisrsif Mississippi for running
the NMR and MS data for the identified compoundse ¥We grateful to Mrs. Marwa at Alazhar
University for helping in carrying out the antimitrial activity.

Theauthorsreport no declarations of interest.

REFERENCES

Aboutabl, E.A., Abdallah, H., (1997): Chemical carsjtion and antimicrobial activity of
volatiles fromAnabasis setiferaoq andHaloxylon schmittiang?omel.Bull. Fac.
Pharm.(Cairo University), 35: 221-224.

Al-Faris Nora, A., Al-Sawadi Ali, D., Alokail MajedS., (2010): Effect of Samh seeds
supplementationMesembryanthemum forsskaléochst) on liver enzymes and lipid
profiles of streptozotocin (STZ)-induced diabeti¢sWar rats.Saudi J. Biol. Sci.17:
23-28.

Al-Qahiz, N.M., (2009): The impact of Samh seedshbbmod parameters of experimental
animals.PJN, 8: 872-876.

Aman, K., Itrat, F., Hussain, S.H., Abdul, M., (201 Dimorphamides A - C, new
polyphenolic amides frormtriplex dimorphostagiaHelv. Chim. Actg 94: 528-533.

Ben Sassi, A., Harzallah-Skhiri, F., Bourgougnon,Abuni, M., (2008): Antiviral activity of
some Tunisian medicinal plants agaikgrpes simplexirus type 1. Nat Prod Res,
Part A: Structure and Synthes2: 53-65.

Bouftira, I., Abdelly, C., Sfar, S., (2009): Antiglant properties oMesembryanthemum
crystallinumandCarpobrotusedulisextractsAsian J. Chem21: 549-559.

Boughalleb, N., Trabelsi, L., Harzallah-Skhiri, 2009): Antifungal activity from polar and
non-polar extracts of soméhenopodiaceaavild species growing in TunisidNat
Prod Res, Part A: Structure and Synthe2i,988-997.

Broegger, C.S., Omar, A.A., (198%Atriplex nummulariaa source for the two molluscicide
saponins: Hederagenin-3{0p-glucuronopyranoside and calenduloside JENat
Prod.,48: 161-161.

Djerroudi, O., Bissati, S., Belkhodja, M., (201Biochemical response of two Atriplex
species Atriplex halimusL. and Atriplex canescengPursh) Nutt) under salt stress
conditions IJPPB, 3: 163-168.

Falleh, H., Oueslati, S., Guyot, S., Ben Dali, Mange, C., Abdelly, C., Ksouri, R., (2011):
LC/ESI-MS/MS characterization of procyanidins anwgelargonidins responsible
for the strong antioxidant activity of the edibleldtphyteMesembryanthemum edule
L. Food Chemistry127: 1732-1738.

Falleh, H., Ksouri, R., Medini, F., Guyot, S., Allige C., Mange, C., (2011). Antioxidant
activity and phenolic composition of the medicinanhd edible halophyte
MesembryanthemueduleL. Ind Crop Prod, 34: 1066-1071

Gautam, B., Irani, B., Ambarish, M., (2006): Thesatic value of certain chemical
substances presentTnianthema portulacastrurh. Indian J Pure Appl Bio] 21: 19-
22.

Giiwjlt, J.P., Lafont, R., (1988): The Completd-NMR Assignment of Ecdysone and 20-
hydroxyecdysonel. Insect Physiol.34: 701-706.

Guvenalp, Z., Demirezer, L. O., (2005): Flavonogloglsides fromAsperula arvensig. Turk
J Chem.29: 163-169.

Hassanean, H. A., Desoky, E. K., (1992): An acglateorhamnetin Glucoside from
Zygophyllum simplex.. Phytochemis®y,; 3293-3294.

Jabrane, A., Ben Jannet, H., Miyamoto, T., Tan@kaMirjolet, J-F., Duchamp, O., (2011):
Glaucasides A-C, three saikosaponins fesimplex glaucal. var. ifiniensis (Caball)
Maire.Mag. Reson. Chend9: 83-89.

Jigna, P., Sumitra, V., (2007): Witro antimicrobial activity and phytochemical analysfs
some Indian medicinal plantsurk J Biol.,31:53-58.

200
Copyright © 2012, Journal of Natural Products, INDEY. Sudhanshu Tiwari, All rights reserved



Rabab Mohammed, et al., /Journal of Natural Products, Vol. 5(2012):193-206

Kamboj, A., Saluja, A. K. (2011): Isolation of Stigsterol andg-sitosterol from petroleum
ether extract of aerial parts Aferatum conyzoidg#ésteraceae)nt J Pharm Pharm
Sci, 3: 94-96.

Kumar, S. S., Rajesh, R., Siddiqui Anees, A., (30B%harmacognostical and antibacterial
activity of Trianthema portulacastrurh. OJC, 22: 641-644.

Mahato, S. B., Kundu, A. P., (1994YC NMR Spectra of pentacyclic triterpenoids-A
compilation and some salient featurehytochemistry37: 1517-1575.

Mahesh, T., Menon, V.P., (2004): Quercetin allagabxidative stress in sterptozotocin-
induced diabetic rat®hytother Res18: 123-127.

Mandal, A., Karmakar, R., Bandyopadhyay, S., Mafay,(1998): Antihepatotoxic potential
of Trianthema portulacastrurim carbon tetrachloride-induced chronic hepatoda|
injury in mice: reflection in hematological, histgical and biochemical
characteristicsArch. Pharmacal Res21: 223-230.

Mizanur Rahman, S. M., Arzu Mukta, Z., Amzad HossaM., (2009): Isolation and
characterization op-sitosterol-D-glycoside fronpetroleum extract of the leaves of
Ocimum sancturh. As. J. Food Ag-Ind2: 39-43.

Mustafa, A. I., Al-Jassir, M. S., Nawawy, M. A., Aled, S. E., (1995): Studies on Samh
seeds (Mesembryanthemum forsskalei Hochst) growimgSaudi Arabia: 3.
Utilization of Samh seeds in bakery produd®ant foods Hum Nutr(Dordrecht,
Netherlands), 48: 279-86.

Nawaz, H. R., Malik, A., Ali, M. S., (2001): Triadmtnol: an antifungal tetraterpenoid from
Trianthemaportulacastrum(Aizoaceae).Phytochemistry56: 99-102.

Rodriguez, S. A., Murray, A. P., (2010): Antioxidaarctivity and chemical composition of
essential oil fromAtriplex undulateNat. Prod. Commung: 1841-1844.

Shaker, K. H., Dockendorff, K., Seifert, K., (2003Jriterpenoid saponins fromtriplex
semibaccataZeitschrift fur Naturforschung, C: Journal of Bigsices, 58: 485-489.

Siddiqui, B. S., Ahmed, S., Ghiadussin Kahn, M. £994): Triterpenoids oftriplex
stocksii.Phytochemistry37: 1123-5.

Sukanya, B., Malay, C., (1998): Protective role Tofanthema portulacastrunagainst
diethylnitrosoamine-induced experimental hepatanagenesis. Cancer Letters
(Shannon, Ireland), 129: 7-13.

Tawfik, W. A., Abdel-Mohsen, M. M., Radwan, H. MHabib, A. A., Yeramian, M. A.,
(2011): Phytochemical and biological investigatiafsAtriplex semibacata R.Br.
growing in EgyptAfr. J Tradit. Complement. Altern. Me®: 435-443.

Tinto, W. F., Blair, L. C., Alli, A., Reynolds, WE., McLean, S., (1992): Lupane triterpenoids
of Salacia cordataJ Nat Prod, 55: 395-398.

Van Wyk B-E (2008): A broad review of commercialtgportant southern African medicinal
plants.J Ethno pharmacagl 119: 342-55.

201
Copyright © 2012, Journal of Natural Products, INDEY. Sudhanshu Tiwari, All rights reserved



Rabab Mohammed, et al., /Journal of Natural Products, Vol. 5(2012):193-206

Table- 1. Scientific names, plant partsused and extract yields of the plantsused in this study.

Extract weight (g)

Scientific name Plant part used
(100g, dried n-hexane | CHCI; | EtOAc | n-butanol
powder)
Atriplex lindleyiMog. suspinflata Whole plant 2.8 1.2 0.9 1.8
(F. Muell) P.G. Wilson.
(Chenopodiaceae)
Anabasis setiferdloq Whole plant 1.0 0.5 0.3 1.0
(Chenopodiacege
Aizoon canariense. (Aizoaceag Whole plant 0.9 0.7 0.2 0.6
Mesembryanthemum crystallinum Fruits 1.0 0.7 0.1 0.6
L. (Aizoaceap
Mesembryanthemum crystallinum  Whole plant 2.1 1.0 0.2 0.6
L. (Aizoaceae)
Mesembryanthemum forsskaolii Fruits 1.0 0.7 0.1 0.6
Hochst. Ex. Boiss Aizoaceag
Mesembryanthemum forsskaoliii Whole plant 2.0 1.0 0.2 0.6
Hochst. Ex. Boiss
(Aizoaceap
Trianthema portulacastrurh. Whole plant 0.7 0.2 0.05 0.8
(Aizoaceag
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Table- 2A: Antimicrobial activity of plant extractsin agar diffusion assay.

Plant Solvent extract | Bacillus Staphylococcus| Escherichia | Pseudomonas | Salmonella | Candida
subtilis aureus coli aeruginosa typhimurium | albicans
Atriplex lindleyiMog. n-Hex 27 +0.36 | 25.8+0.22 7.4+0.23 - 10.2+0.2 17.4+0.23

susp inflata (F. Muell) CHCl; - - - - - -
P.G. Wilson. EtOAc 15.8+0.1 | - 7.8+0.29 - - -
n-Butanol 9.4+0.2 - - - - -

Anabasis setiferdoq n-Hex 20.9+0.3 | 19.7+0.1 18.24+0.1 - 19.9+0.1 19.8+0.3
CHC - 8+0.6 - - - -
EtOAc 13.1+17 | - - - - -
n-Butanol - - - - - -

Aizoon canariense. n-Hex 15.9+0.3 13.1+0.17 10.4+0.17 - 12.9+0.1 10.3+0.3
CHCl 10.2+0.3 | - - - - -
EtOAc - 11.2+25 - - - -
n-Butanol - - - - - -
Mesembryanthemum n-Hex 12.1+1.3 | 10.2+0.2 - - 10.7 £0.13 -
crystallinumL. Fruits CHCl; - - 9.4 +0.5 - - -
EtOAc - - - - - -
n-Butanol - - - - - -

Mesembryanthemum n-Hex 25.4+0.1 | 22+0.16 15,6 £0.27 - 18.3+0.23 15+0.1
crystallinum L. CHCl; - - - -
EtOAc - - - - -
n-Butanol - - - - -

Mesembryanthemum n-Hex 19.4 +0.2 | 16.2+0.17 16.2 +0.33 - 10..3 +0.23 12.4+0.3
forsskaoliiHochst. Ex. CHC - - - - - -
Boiss Fruits EtOAc - - - - - -
n-Butanol - - - - - -

Mesembryanthemum n-Hex 25.4+0.1 | 22+0.16 15.6 +0.27 - 17.6 +0.23 18.3+3
forsskaoliiHochst. Ex. CHC - - - - - -
Boiss EtOAc - - - - - -
n-Butanol - - - - - -

Trianthema n-Hex 19.840.2 17.8+0.1 - - - 15.2+0.1
portulacastrumL. CHCl; - - - - - -
EtOAc - - - - - -
n-Butanol - - - - - -

¢ The test was done using diffusion agar techniqed, diameter 6mm, 100ul was tested, data was
expressed in the form of mean +SD, - means NotActi
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Table- 2B: Antimicrobial activity of plant extractsin agar diffusion assay.

Plant Solvent extract | Aspergillus Penicillium Fusarium Fusarium s. | Fusarium | Botrytis
fumigatus italicum oxysporum cucurbitae niveum cinerrea
Atriplex lindleyi Moq. n-Hex 20.6+0.22 19.9+0.15 23.6+0.18 22.4+0.15 20.3+0.24 | -
susp inflata (F. Muell) CHCl; - - - - - -
P.G. Wilson. EtOAc 10.4+0.11 - - - - -
n-Butanol 10.4+0.11 - - - - -
Anabasis setiferdoq n-Hex 17.340.26 19.340.23 19.940.2 17.740.13 14.240.34 | -
CHC - - - - - -
EtOAc - - - - - -
n-Butanol - - - - - -
Aizoon canariense. n-Hex 11.4+0.21 12.4+0.5 18.2+0.18 14.9+0.23 17.8+0.19 | -
CHCl, - -
EtOAc - - - - - -
n-Butanol - - - - - -
Mesembryanthemum n-Hex - - 12.7+0.31 10.7 +0.28 9.8+0.15 | -
crystallinum L. Fruits CHCl; - - - - - -
EtOAc - - - - - -
n-Butanol - - - - - -
Mesembryanthemum n-Hex 20.2#0.2 17.9 £0.05 21.4+0.2 20.7 £0.34 18.9 -
crystallinum L. CHCl; - - - - +0.19 -
EtOAc - - - - - -
n-Butanol - - - - - -
Mesembryanthemum n-Hex - - - - - -
forsskaoliiHochst. Ex. CHC - - - - - -
Boiss Fruits EtOACc - - - - - -
n-Butanol - - - - - -
Mesembryanthemum n-Hex 20.5+0.22 18.3+0.26 15.7+0.15 20.9+0.18 19.8+0.22 | -
forsskaoliiHochst. Ex. CHCl; - - - - -
Boiss EtOAc - - - - - -
n-Butanol - - - - - -
Trianthema n-Hex 18.7+0.11 19.3+0.1 15.2+0.27 17.7+0.14 142+0.34 | -
portulacastrumL. CHCl; - - - - - -
EtOAc - - - - - -
n-Butanol - - - - - -
» Footnotes are the same as in Table-2A.
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Table- 2C: Antibiotic used as positive controlsfor the tested microor ganisms.

Tested Organism Standard
Fungi Amphotericin B
Aspergillus fumigatus 23.7+0.10
Penicillium italicum 21.9+0.12
Candida albicans 19.840.20
Fusarium oxysporum 25.4+0.16
Fusarium s. cucurbitae 26.7+0.13
Fusarium niveum 24.3+0.14
Botrytis cinerrea 21.940.18
Gram positive bacteria Ampicillin
Staphylococcus aureus 27.4+0.18
Bacillus subtilis 32.4+0.3
Gram negative bacteria Gentamicin
Pseudomonas aeruginosa 17.3+0.15
Salmonella typhimurium 28.8+0.24
Escherichia coli 22.3+0.18

concentration in streptozotocin-induced diabetic rats.

Table- 3: Effect of 300 mg/kg of different fractions of Atriplex lindly on fasting blood glucose

Treatment Groups Fasting blood glucose levels (mg/dl)

0 day 7" day
Group | :Normal Control 89.09+8.93 90.32+5.51
Group II: Diabetic Control 362.90+29.42 * 350#£89.42 *
Group llI: Positive Control 325.30+36.86 * 95.0888.2
Group IV:n-butanol Fraction 329.50+36.25 * 93.33+£10.43 2
Group V: ethyl acetate Fraction 337.80+36.88 94%55 2
Group VI:n-hexane Fraction 343.10+39.33 4 339.80+33.54 1
Group VII: Chloroform Fraction 336.10+40.74 ¥ 390+31.40 *

« Each values is a mean = SD (n = 6 in each grouglués are statistically significant at p < 0.05.
Statistical analysis was carried out using one aralysis of variance (ANOVA) followed by
Tukey-Kramer multiple comparisons test.

«  * Significantly different from the normal contrgtoup.

« a: Significantly different from the diabetic contgyoup.

Table- 4: Effect of 7 daysdaily dose administration of 300 mg/kg of different fractions of Atriplex

lindly on levels of GSH and TBARS in streptozotocin- induced diabetic rats.

Treatment Groups GSH TBARS (MDA)
mg% nmol/ml
Group | :Normal Control 73.50+5.37 1.42+0.15
Group II: Diabetic Control 42.77+£3.27 * .38+0.51 *
Group llI: Positive Control 70.34+4.60 346.27 2
Group IV:n-butanol Fraction 64.12+4.202 1.55+0.38 2
Group V: ethyl acetate Fraction 65.35+3.352 10735 2
Group VI:n-hexane Fraction 44.7546.02 * 4.84+0.34 *
Group VII: Chloroform Fraction 45.89+5.18 * 5.0660 *

* Footnotes are same as shown in table-3.
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Figure-1: Theidentified compoundsfrom Atriplex lindleyi Mog. susp. I nflate.

. 1= Quercetin; 2= Quercetin 3-Mglucopyranoside; 3= Isorhamnetin 3aylucopyranoside;
4=33,23-dihydroxy betulin; 58-sitosterol; 6= stigma sterol; PB=sitosterol-30-glucoside; 8=20-
hydroxyecdysone
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