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ABSTRACT

Glycosides were extracted from green tomatoes @ttihnol as the solvent. The extracted glycosides merified
by an HPD macroporous resin and a silica gel colurnystallised and then recrystallised to yield t@hpowder.
The minimal inhibitory concentration (MIC) of thetected tomato glycosides against Escherichia cwdis
determined to be 3.54 mg/mL through agar diffugest. The effects of pH, temperature and reactiore ton the
anti-bacterial activity of the tomato glycosidesrav@vestigated. The bacteriostatic effect of thmato glycosides
was stronger than that of 1.5% sodium benzoate.tdimato glycosides exhibited the strongest antidyéal effect
atpH 7.
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INTRODUCTION

Tomato glycosides contain a D-xylose, a D-galactmsé two molecules of glucose steroidal alkaloidcgbide;
these constituents are also present in eggplaotatges and other solanaceous plants[1]. The staldormula of
tomato glycosides is shown in Figure 1. Tomato gdydes reportedly exhibit insect-repellent, antiowr,
anti-inflammatory, cholesterol-lowering and antindgitic effects. The effect also can be appliedamiovascular,
cholinesterase and related enzymes of calmodwdimato glycosides can also serve as an adjuvantatdiria
vaccines[2-6].

Refag§found that glycosides are responsible for the dapa¢ green tomato to inhibit grey mould. Pingniket
al[7]. showed that tomato glycosides can restrain the thrafvmononucleosis sex liszt fungus. Tomato glides
also reportedly inhibit the growth of some pathagdangi, bacteria and viruses in plants or humdars immune
function of tomato glycosides is indispensable iimans and animals. Moreover, tomato glycosides dstrate an
anti-viral activity; that is, these compounds castrain the growth of tobacco Mosaic virus in tomnatants.
H.V.Thome revealed that tomato glycosides are t¥fe@gainst herpes simplex virus[8]; the sugarirtipart and
virus membrane receptor interaction in these ghgiesshave important contributions to this anti-vatiect[9,10].

Figure 1 Structural formula of tomato glycosides

Tomato glycosides also exhibit strong anti-bactexd@ivity. In the present studischerichia coliwas used as the
experimental object. Agar diffusion test was pearfed to evaluate the anti-bacterial activity of tbmnglycosides.
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The results of this study provide a basis for dapiglg natural anti-microbial products with highieifincy and low
toxicity in Chinese herbal medicine[11-13].

EXPERIMENTAL SECTION

Raw materials
Fresh green tomatoes with some white parts weradst from Shihezi, Xinjiang as the raw material.

Reagents

The reagents used in this study include tomatoogige reference substance (Shanghai Industrial lBevent Co.,
Ltd., batch number 6-15-9), methanol (ChromatogyaPhre, America TENDA), anhydrous ethanol, chlorofp
hydrochloric acid, sodium hydroxide, HPD-100 macnaus adsorption resin (Tianjin Bone Glue Factosyfjca
gel G, sulphuric acid, methanol, 1.5% sodium betzaad NaCl. Reagents used above are pure homebadybis.
E. Mr Bush's coli (e.coli, Immune teaching and aesh section of xinjiang medical university), natri AGAR
homemade(laboratory).

Instrument

The equipment used in this study include an Agi2BORRLC-Agilent6410 series triple level 4 pole mas
spectrometer, a XDB-C18 column (2.1 mm x 50 mm,uin§, an electronic balance (Sartorius BP211D, h@}, a
RE-52 rotary evaporation apparatus (Shanghai Anfegtronic Instrument Factory), a PHILIPS beaterfour
fluorine 0.20um disposable filter head (Dr, Germany), a vertislam pressure steriliser (ShenAn LDZX-401
Shanghai Medical Instrument Factory), a thermastaticubator (HN303-3 Nantong Lugu South Scientific
Instrument) and a clean bench (SW-CJ-IBV Sujingupr8uzhou Antai Technology).

Preparation

Green tomatoes were extracted with anhydrous elttzenthe solvent at a temperature of 60 °C, araetitm time
of 2.5 h and a solid—liquid ratio of 1:5. Ultrasomirocessing was performed for 30 min. The exwagtirocess was
conducted twice. The extracted tomato glycoside® itered, added with 5% NaOH solution (pH > &Jpwed to
stand overnight, precipitated and then centrifugektone precipitation was conducted, followed IWomform
extraction for three times. The extracts were digbin methanol. The insoluble filtrate was dist=d. Finally, the
soluble filtrate was dried to obtain raw tomatobEasides.

An HPD-100 resin was used for purification. The plnsize was 6 BV. The eluent used was 95% ethandl the
elution volume was 3 BV. The tomato eluent was gdaon a silica gel column to dry into white powdére tomato
glycosides were subjected to macroporous resinrptisn and elution, weighed, mixed with methandlution and
silica gel, placed on a rotary evaporator to dny #iren placed on the column.

Approximately 55 g of silica gel was activated &0FC for 2 h and placed on a wet packing columb ¢8n x
70 cm). The mobile phase systems for the elutiorevedloroform—methanol-28% ammonia (75:20:4, vidayl
chloroform—methanol-10% ammonia (70:30:4, vivihelution velocity was 7 mL/min for a 50 mL sampieC
was used to separate the tomato glycosides. Adieninating the elution, the eluent was dried thiougtary
evaporation, weighed, dissolved in methanol and tfikered to separate the insoluble fraction. Ttbenato
glycosides were mixed with 80% ethanol elution,tédaat 70 °C heat to dissolve, filtered and theolexb to room
temperature. The sample was slowly crystallisedh inefrigerator at 4 °C. After complete crystallisat the
supernatant fluid was washed with methanol, fillesad then dried. Crystallisation was repeatedewiatil tomato
glycerides were obtained in the form of white powde

Content determination

The HPLC/MS/MS analysis conditions were as followsobile phase, C¥DH:10 mol/L NHAc solution
(containing 0.1% HCOOH)=area (V1, V2), SIM, ESI ,(¥DB-C18 column (2.1 mm x 50 mm, 1;8n); column
temperature, 40 °C; sample quantity, 3 pL; and ftate, 0.2 mL/min. The drying temperature was 350&nd the
drying air flow was 9 L/min. The conditions for paing the standard solution of tomato glycosidesenas
follows: atomising air pressure,40 psi; capilla¥900 V; and voltage, 135 V.

Anti-bacterial activity

Configuration of reference substance solution

Approximately 10.10 mg of tomato products was dissth in methanol and placed in a 100 mL volumétesk to
obtain the reference substance of tomato glycosides
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Configuration of sample solution

Up to 0.1662 g of the tomato glycosides in whitevger form was dissolved in methanol and placed i anL
volumetric flask. The sample solution of tomato aglsides had a concentration of 14.15 mg/mL. Thetipes
control was 1.5% sodium benzoate solution.

Activation of strains
Agar slant tubes were incubated at 35 °C to 370t.8 h to 24 h and then stored in a refrigeratdr & until use.

Preparation of medium plate

Culture medium was prepared and placed in an @datnace at a constant temperature (50 °C to®Qd prevent
the medium from solidifying. Approximately 15 mL &) mL of the medium was poured in Petri dishes thed
subjected to high-pressure sterilisation.

Preparation of bacterial suspension
Bacterial suspension was prepared by inoculdEingpliin 9 mL of sterile saline with shaking.

Controlled trials

Perforate qualitative filter papers 5 mm in diametvere placed in Petri dishes and sterilised at°T2€r 2 h. The
sterile filter papers were immersed in the tomdyeaside test solution, 1.5% sodium benzoate oilsteater for
24 h. Under sterile operation conditions, 0.2 mlthef prepared bacterial suspension was uniformiygubin Petri
dishes containing the medium. The immersed filtgrgrs were then placed on the medium. The Petresligiere
divided into three parts labelled with test ligdilter, 1.5% sodium benzoate filter and blank coh{sterile water
filter). The Petri dishes were incubated at 35 63T °C for 18 h to 24 h. Then, the diameters bfhition were
measured.

Determination of minimal inhibitory concentration (MIC)

The tomato glycosides were double diluted with raath into the following concentrations: 14.15, 7.8%4, 1.77,
0.89 and 0.44 mg/mL. A 0.5 mL aliquot of each dolutwvas added to the culture medium by using alsteipette.
Approximately 0.1 mL of bacterial suspension waated on the plate using a pipetting gun, followgdnzubation
at 35 °C to 37 °C for 18 h to 24 h.

Another dilution series was prepared; the solutigthout inoculum served as the control. The lowssicentration
that inhibited bacterial growth was the MIC. Rephatabove step for six times.

Influence of different conditions

Different pH values

The pH of the tomato glycoside test solution wajsistdd to 3.0, 4.0, 5.0, 6.0, 7.0, 8.0 and 9.0 dgirey HCI or
NaOH. The sterile filters were immersed in the ttomglycoside test solutions with different pH vauer 24 h,
coated with 0.1 mL of the medium and then incubae®5 °C to 37 °C for 18 h to 24 h. The inhibitiaane
diameter was measured, and the effect of pH omultiebacterial activity of the tomato glycosidesswadetermined.
The test was repeated thrice.

Different temperatures

Approximately 5 mL of the tomato test solution walaced in small beakers and then subjected to arvistth

treatment at different temperatures (20 °C, 406;C, 80 °C and 90 °C) for 15 min. The steriléefis were soaked
in the solutions in the beakers for 24 h, coatetth @il mL of the bacterial suspension medium, d&et incubated
at 35 °C to 37 °C for 18 h to 24 h. The inhibitibone diameter was measured. The above operatiomepaated
three times, and the effect of temperature on thiebacterial activity of the tomato glycosides veltermined.

Different times

A 1 mL aliquot of the tomato glycoside test solatiwas mixed with 0.1 mL bacterial suspension witaking. The
filter papers were immersed into the mixture foB15, 8, 10 and 12 h. One to six hybrid filtersraveoated with
0.1 mL of the bacterial suspension medium and theabated at 35 °C to 37 °C for 18 h to 24 h. Tiikition

zone diameter was measured. The above operatiorepaated three times.

RESULTS AND DISCUSSION
Preparation

Establishment of the standard curve
Approximately 10.10 mg of the tomato reference tarre was dissolved in methanol and then placedlid0 mL
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of volumetric flask to obtain the tomato glycosigderence substance. The reference substance ssdveid with
methanol into the following concentrations: 0.0503,010, 0.2020, 0.3030 and 0.5050 mg/mL. The tiegaation
was Y = 1249.8 X — 0.6733, r = 0.9998, where Yhis peak area and X is the tomato glycoside coretéoic The
linear concentration range was 0.0505 mg/mL to B05®g/mL. The HPLC/MS/MS diagram is shown in Figuge

and 3.
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Fig. 2 HPLC-MS/MS chart of standard tomato glycosi@s  Fig. 3 HPLC-MS/MS chart of tomato glycosidesfter recrystallisation

Preparation
Tomato glycosides are soluble in ethanol and methlamt almost insoluble in water; however, dissofvitomato

glycosides in methanol results in optic nerve daedi@@hus, anhydrous ethanol was used to extract glyesgrom
green tomatoes. Tomato glycosides are alkalineimsmuble in acetone; thus, acetone precipitati@s wsed to
remove water. Tomato glycosides slightly dissolvelloroform. Thus, chloroform was used to remaviemmphyll
and fat-soluble impurities from the tomato glycesid The capacities of chloroform and n-hexane tooxe
chlorophyll were compared. Results showed thatdh®ato glycosides were insoluble in n-hexane. Taweunts
of tomato glycosides were lost after dissolvingchoroform; however, this loss is negligible. Thapacity of
chloroform to remove chlorophyll was better thaattbf n-hexane. Hence, chloroform was selectedktaet the
tomato glycosides. The dissolution of the prectpiteontaining the tomato glycosides in methanotpoed light
green powder. The results of HPLC/MS/MS showed thatcontent of tomato glycosides was 12.73%. Tilned f
tomato yield was 80.03%. The supply of green tonstabundant, and the solvents ethanol, acetonerofbrm
and methanol can be recycled. Therefore, the Isggé production of the tomato glycosides has iceigasibility.

Anti-bacterial activity
Tomato glycosides and sodium benzoate contrast expeent

Table 1 Bacteriostatic effect of tomato glycosideend sodium benzoate
(inhibition zone diameter: mm)

Samples of tomato Sodium benzoate Sterile water
Selected strain glycosides /bacteriostatic /bacteriostatic zone /bacteriostatic zone
zone diameter diameter diameter
E. coli 7.88 mm 6.30 mm 5.00 mm

Tomato glycosides Sodium benzoate Sterile water

Fig. 4 Image of bacteriostatic effect

The bacteriostatic ring diameter can directly mfithe bacteriostatic activity of a drug (Figure As shown in
Table 1, the bacteriostatic ring diameter of 14rimL tomato glycosides was larger than that oftsndenzoate.
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This result indicated that the bacteriostatic astiof 14.15 mg/ml tomato glycosides was strondent that of
sodium benzoate.

MIC of tomatine againstE. coli

Table 2 MIC of tomato glycosides

Tomato glycoside dilution (mg/mL)
14.15 7.08 3.54 1.77 0.89 0.44
E. coli - - - + + +

Note: — said sterile growth, + bacterial growth

Selected strain

As shown in Table 2E. coli growth occurred when the concentration of the tongdycosides decreased to 1.77
mg/mL. Therefore, the MIC of the tomato glycosidess 3.54 mg/mL in the experiment.

Effects of different conditions
Effects of different pH values

Table 3 Effect of different pH values
(inhibition zone diameter: mm)

pH Bacteriostatic circle diameter/mm

Mean Variance
3 6.30 0.03
4 7.24 0.07
5 7.46 0.06
6 7.88 0.17
7 10.96 0.07
8 10.38 0.09
9 9.52 0.10

As shown in Table 3, pH affects the bacteriostatitvity of tomato glycosides. At pH 3 to 6, thectexiostatic ring
diameter of the tomato glycosides ranged from 6 tmi& mm. At pH 7, the bacteriostatic ring diametsached the
maximum of 10.96 mm, indicating that the best bda$tatic activity was reached at this pH level.nBEdo

glycosides precipitate under alkaline conditiontieyl exhibit strong bacteriostatic activity and gotbeérmal

stability under neutral conditior.

Effect of different temperatures

Table 4 Effect of different temperatures
(inhibition zone diameter: mm)

Temperature (°C) Inhibition zone diameter: mm

Mean Variance
20 7.86 0.06
40 8.02 0.13
60 8.24 0.08
80 8.80 0.15
90 8.94 0.09

As shown in Table 4, the bacteriostatic activitytld tomato glycosides increased with increasingperature. A
significant difference in bacteriostatic activityasiobserved between 60 °C to 80 °C. The concemtrafi tomato
glycosides increased and their anti-bacterial dgtanhanced with methanol evaporation.

Effect of different times
Table 5 Effect of different times
(inhibition zone diameter: mm)

Operation time (h)  Inhibition zone diameter: mm

Mean Variance
1 7.04 0.07
3 8.10 0.06
5 8.56 0.11
8 9.04 0.12
10 9.52 0.09
12 10.02 0.13

As shown in Table 5, the bacteriostatic ring dianeif the tomato glycosides increased with timeisTasult
indicated that the anti-bacterial activity of tlenato glycosides increased with time.
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CONCLUSION

A strong bacteriostatic activity on a microorganismicates that the microorganism is sensitive iagd. Results
showed that the bacteriostatic activity of 14.15migtomato glycosides was better than that of sodbenzoate.
The bacteriostatic activity of the tomato glycosideas strong under neutral pH. In addition, bdtisteriostatic
effect was observed with increased temperature @ntbnged time. The tomato glycosides demonstrated
inhibitory effect on the bacteria in tomato. Und@eneutral environment, the tomato glycosides etdtdbstronger
anti-bacterial activity, better thermal stabilitychgreater inhibitory effect than sodium benzdate.

Acknowledgments

This work was supported by the Natural Science Hation of Xinjiang Uygur Autonomous Region (No.
2012XJMUBSQDO06). We thank Test and Analysis CeafeXinjiang Medical University for providing us witthe
experiment platform and technical support.

REFERENCES

[1]Jiang J. W., Xiao J. X1986 3.

[2]Mendel Friedman T., Fitch E., Yokoyama W.E Food Chemical Toxicolog2003 38: 549-553.
[3]Yang X. W., Ran F. X., Wang R. Q. Modern Chinese Medcin2Q07, 9(1): 8-13.

[4]Tao Y. X., Liu H. H., Wang Z. MJ. Natural Product Research and Developm2006 18: 438-440.
[5]Wu K. J., Gong P. Y., Ruan Y. M. Acta Entomologica Sinica006 49(3): 421-427.

[6]Faucher A. Monnet R. C. R. Herd. Seances Ada&ci, Ser.[1967, 264: 2247-2249.
[7]Pingulkar K., Kamat A., Bongirwar OJ. Food Sci. Nutr2001, 52: 15-23.

[8]Duan J. Y., Zhang J. H. Acta Botanica Boreali-occidentalia SinickE995 28(3): 107-109.
[9]McCance D. J., Drysdale R. Bhysiol. Plant Pathol975 7: 221-230.

[10]Wang Y. Z., Zhu X., Bian S. Z.. Journal of Xinjiang Agricultural University200Q 23(2): 35-37.
[11]Mourboul Ablise, Zhang D. C., Rena KasidnXinjiang Med. Univ2012 02, 125-146.
[12]Mourboul Ablise, Wang Y. B., Xu F. Yl.Xinjiang Med. Univ2013 36, 1744-1748.

[13]Li L. L., Zhang Y. M., Wang X. FJ.Xinjiang Med. Univ2005 02, 98-101.

975



