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Pseudomonas syringae and Xanthomonas pathovars are major phytopathogenic
bacteria known to cause severe loss in quality and yield of agriculturally important
crops such as paddy, tomato, soybean and sesame. Emergence of drug resistant bacterial
strains, toxic effects of synthetic drugs on host crop plants and environment has led to
the search for effective, safer and ecofriendly bioactive molecule for the management of
plant diseases. Medicinal plant extract is considered as effective, safe, ecofriendly and
least toxic to host crop plant. In this study, antibacterial activity of stem extracts of
Coscinium fenestratum was evaluated against Pseudomoans syringae and Xanthomonas
pathovars in vitro. Disc diffusion assay showed that P. syringae was more susceptible
and X. oryzae was less susceptible. MIC of the extract against P. syringae was 2.5mg/ml
and against Xanthomonas pathovars ranged between 1.25mg — 2.5mg/ml. Further, isolation
and characterization of antibacterial active principle conducted using TLC-Bioautography-
agar over lay method, column chromatography and by spectral analyses (UV, FT-IR, LC-
PDA-MS and NMR) revealed that, antibacterial active principle as Berberine, a yellow
colored, benzoisoquinoline alkaloid, known to have many bioactive potentialities. In
conclusion, the plant extract/ berberine could be utilized for management of bacterial
infection/s in crop plants after toxicity and field level evaluations.

Key words: Medicinal plants, Coscinium fenestratum, Pseudomonas syringae,
Xanthomonas pathovars, Berberine, Bacterial disease management.

Pseudomonas syringae (P. syringae) and
Xanthomonas pathovars are the magjor disease
causing plant pathogenic bacteria. Among the top
ten list of bacterial pathogens, P. syringae stands
in the first position and Xanthomonas stands in
the fourth positiont. P. syringae exists as over 50
pathovars infecting wide range of crop plants,
fruits, vegetables, trees and many ornamental
plants such as bacterial speck of tomato, bacterial
brown of bean, shoot & flower blight, cankersand
dieback disease. The average loss incurred
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reported ranges between 21-30% 2. Xanthomonas
pathovars viz., Xanthomonas malvacearum (X.
malvacearum), Xanthomonas vesicatoria
(X.vesicatoria), and Xanthomonas oryzae (X.
oryzae) areknown to cause blight diseasein cotton,
bean, crucifers and paddy and the average loss
recorded is about 35-50%"°.

To manage these plant diseases, copper
containing compounds (Bordeaux mixture),
systemic bactericide such as streptomycin,
oxytetracycline, neomycin, gentamicin and oxolinic
acid are being used!t, But there are several
limitationsto their use including lack of systemic
activity, difficulty in timing, incessant and
indiscriminate use leading to emergence of
resistant bacterial strains, phytotoxicity and
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environmentally hazardous nature. Thus there is
an urgent need to search for alternative source of
drugs which is natural, stable, eco-friendly and
effective even at low concentration. To achieve
this, medicinal plants are the suitable bioactive
natural resource from which antibacterial active
compounds against above mentioned bacterial
pathogens could be managed®. In this context,
Coscinium fenestratum (Gaertn.) Colebr. (C.
fenestratum) — an important medicinal plant
bel onging to M enispermaceae family was chosen
to assess the antibacterial efficacy and to isolate
the antibacterial compound. The plant is a
dioecious, woody climber reported to occur in
Western Ghats of high rain fall and wet evergreen
forest at 500- 750M SL. The stem of thisplant is
used to treat ulcer, jaundice, skin diseases,
abdominal disorders, diabetes and general dehility.
The antiproliferative and antimicrobial activities
have been carried out'*4,

MATERIALSANDMETHOD

Plant material and test bacteria

The plant C. fenestratum (Family:
M enispermaceae) was collected from Subramanya
region of South canaradistrict (12° 39’ 57"N; 75°
36’ 5"E) of Karnataka, India. Theidentification of
plant was done with the help of floras of thisregion
available and confirmed with the hel p of taxonomist
of Department of Studiesin Botany, University of
Mysore.
Test bacteria

P. syringae (NCIM 1502) and X.
malvacearum (NCIM 2310) were obtained from
National Centre of Industrial Microorganisms
(NCIM), National Chemical Laboratory (NCL),
Pune and X. vesicatoria (MTCC 2286) was
obtained from Micrabial Type Culture Collection
(MTCC), IMTECH, Chandigarh. X. oryzae was
isolated from diseased paddy seeds. All the test
bacteria were maintained on Nutrient agar and
periodic sub culturing was carried out.
Solvent extraction

The stem of the plant was washed with
running tap water, blot dried, cut into small pieces,
shade dried and powdered. Solvent extraction was
carried out using Soxhlet apparatus for 48-72h.
Pulverized plant materia (50g) wasinitially defatted
with 200ml of petroleum spirit followed by methanol.
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The extract obtained was concentrated and stored
at 6°Ctill further use®.

Antibacterial activity assay

Inoculapreparation

Inoculum preparation wasdonefollowing
the procedures of CLSI (formerly NCCLS) . The
inocula density were standardized to a final
concentration of 1-2 x 10°CFU/ml by the direct
colony suspension method, where suspending
isolated colony from an 18-24h agar plate into
Muller Hinton broth to a turbidity matching 0.5
McFarland standard.

Disc diffusion assay

15ml of Muller Hinton agar (HiMedia,
Mumbai) was poured into sterile Petri plate and
allowed to solidify. 50ul of bacterial inoculum was
spread over solidified media using sterile cotton
swab. 100ul of test extracts (100mg/ml) wasinfused
onto a6mm steriledisc (HiMedia, Mumbai). Each
plate contained three discs, a disc contained test
extract, one disc served as negative control
(methanol) and one disc served as positive control
(Streptocycline). Inocul ated plateswereincubated
at 28 °C for 24h. Experiment was carried out in
triplicates and zone of inhibition in diameters (in
mm) wererecorded”. Resultsare presented asmean
value + standard error of three replicates.
Determination of Minimum Inhibitory
Concentration (MIC)

Sterile 96-well microplates (300ul volume,
flat bottom, TARSONS, India) were used for this
assay. Antibacterial activetest extract of the plant
was dissolved in minimal amount of the respective
solvent used for extraction. All thewellswerefilled
with 100l Muller Hinton broth. Test sample (100ul)
wasadded to first well and serial two fold dilution
was made of concentration raging from 5mg/ml to
0.15mg/ml. Inoculawere standardized as mentioned
aboveandtest bacteria (30pul/ well) wereinocul ated
to each well. Plateswere sealed and incubated for
24h at 28 °C. MIC was determined based on the
absorbanceusing Microplatereader (LabTech- LT
4000) at 495nm and al so by colorimetric estimation
by adding 50ul of TTC (0.2mg/ml) (2,3,5-
Triphenyltetrazolium chloride, Sigma-Aldrich,
India) solution to each well followed by incubation
for additional 1-2h. Viable bacteria reduce the
colorless dye to pink color. The MIC was
determined as the lowest concentration at which
less absorbance and no pink color (signifying no
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growth) appeared. Tests were performed in
triplicate'.
TL C and bioautrography (Agar overlay method)

It was carried out to determine
antibacterial activefraction from the extract.
TLC study

Antibacterial active extract (50ul) was
spotted over a precoated silicagel 60GF/UV- 254
(Alugram, Machery- Nagel, Germany) and
developed in asolvent system of n- butanol: ethyl
acetate: formic acid: water (3:5:1:1 v/v) with
developing distance of 80mm, followed by air drying
and observed for resolved fraction/s using UV
chamber (at 254 & 365 nm) °,
TL C- Bioautography (Agar over lay method)

The developed chromatogram was
encased in asterile Petri plate and 15ml of Muller
Hinton agar containing 0.7% agar, standardized
suspension of test bacteria and a reduction dye-
TTCwasover laid onthe chromatogam and allowed
to solidify. Plateswereinitially kept at 4°C for 2h
for effective and rapid diffusion of bioactive
compound and then incubated at 28°C for 24h. The
zoneof inhibition, if any wasvisualized ascolorless
zone on the chromatogram and the test was
performedintriplicate®.
Isolation of the active principle by Column
chromatography

The fraction/ band possessing
antibacterial activity was scraped, filtered with
HPLC grade methanol and used for further
purification using Column chromatography. The
pre-activated Silica gel of 60-120 mesh is used,
which was packed in the column of size 1 cm
diameter and 30cm length with gradient elution
system of Chloroform: Methanol (100% to 50%)
with a flow rate adjusted to 1ml/min. Column
fractions collected was monitored using TLC and
based on observation, similar fractionswere pooled
together and evaporated to dryness.
Structural elucidation of theactiveprinciple by
variousspectral analyses

To elucidate the structure of antibacterial
active compound, the fraction obtained in the
column chromatography was further subjected to
UV, FT- IR, LC-PDA-MSand NMR (both *H & **C)
spectral analyses?.
UV spectral analysis

It was conducted for detecting the
particular type of unsaturated chromophore.
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Wavelength of the spectrophotometer was set
between 300-600nm. Samplesand blank were kept
in cuvette. Before analysis cuvettes were washed
with sterile distilled water and analysis was
performed using Systronics UV- visible
spectrophotometer 119 (Systronics, India) assisted
with PC control. Absorption spectral
measurements were performed using matched
quartz cuvettes of 1cm path length. Sampleswere
prepared by mixing one part of the column
chromatography fraction and ninety nine parts of
HPL C grade methanol.

FT- IR spectral analysis

Thiswas conducted to detect the type of
functional group/s present in the antibacterial
active compound. The active fraction was
subjected to FT- IR spectral analysis using KBr
pellet in Perkin Elmer-Spectrum GX FT-IR, v4.07
assisted with PC having 4.31version software
progrmme with a scan range from 400-4000 cm*
with resolution of 4cm™.

Liquid Chromatography- Photo DiodeArray- Mass
Spectroscopy (LC-PDA-MS)

Active fraction collected was dissolved
in methanol followed by filtration and subjected to
LC-PDA-MSanadysis. Theanaysiswas performed
on an Agilent 1100 series HPLC (Agilent
Technologies, PaloAlto, Calif) using aCapcell Pak
C18 UG120 5mm column (4.6 mm x 150 mm,
Shiseido, Tokyo, Japan) followed by a Finnigan
L CQPEA mass spectrometer with electron spray
ionization source (Thermo Electron, San Jose, Cdlif).
HPLC conditions were as follows: solvent A,
0.19%TFA/H,0O; solvent B, 50%CH, CN/0.1%TFA/
50%H,0; linear gradient, initial percentage of B
(15%) to 60 minutes (30%); column temperature,
40 °C; flow rate, 0.5 ml/min. Ultraviolet-visible
absorption spectra was obtained by a photodiode
array detector (PDA) in the range of 250-600nm.
MS parameters were as follows: ionization mode,
positive; sheath gas, nitrogen; capillary
temperature, 320 °C; capillary voltage, 5.0 kV; full
scan acquisition, from 50 to 1000 m/z at 2 scan/s.
H and ®*C NMR spectral analysis

It was obtained by dissolving 10mg of
the compound dissolved in 500uL MeOD at 298K
inaBruker AMX 400 spectrometer. The coupling
constant Jisgiven in Hz. The chemical shiftsare
reported in ppm on scale downfield and signal
patterns are indicated as follows. s=singlet, d =
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doublet, dd = doublet of doublet, dt = doublet of
triplet, t =triplet, g = quartet, qd = quartet of doublet,
m = multiplet, br = broad.

RESULTSAND DISCUSSION

Discdiffusion assay

Methanol extract showed antibacterial
activity against all the test bacteria. In this study
P. syringae was highly susceptible and X.
vesicatoria was moderately susceptible as
evidenced by zone of inhibition (Table 1) at the
concentration of 10mg/disc.
Determination of Minimum Inhibitory
Concentration

MIC of the methanol extract ranged
between 1.25mg- 2.5mg/ ml for Xanthomonas path
ovarsand 2.5mg/ml for P. syringae.
TL C and bioautrography (Agar over lay method)

The chromatogramillustrated 04 different
fractionsi.e., Fraction 1, 2, 3 and 4 with Rf values

SHRISHA & RAVEESHA: ANTIBACTERIAL ACTIVITY OF Coscinium fenestratum

0.2, 0.55, 0.65 and 0.85 respectively. At Rf value
0.55, zone of inhibition was observed for P.
syringae.
Isolation of the active principle by Column
chromatography

Fractions were collected in 50 fraction
tubes and based on TLC monitoring 4 fractions
obtained. Among 4 fractions, fraction possessed
bioactivity atRf value of 0.55 was collected,
evaporated and further subjected to various
spectral analyses.
Structure elucidation of antibacterial active
compound by spectroscopic studies

UV spectra (Amax) obtained at 336nm,
confirmed the presence of chromatophore
belonging to benzoisoquinoline ring, FT- IR
spectra obtai ned shows absorptions between 500-
4000 e, whereat signd 1035 cm?, 1354- 1383 cnr
1, 1601cm?t and 2849cm? represents C-O, C-H
deformation, C=C & C= N and -CH groups
respectively, which confirms that particular

Table 1. Antibacterial activity of C. fenestratum extracts against phytopathogenic bacteria.

Extract and Zone of inhibition (in mm)

test bacteria P.s X.m X.v X.0

Pet ether - - - -

M ethanol 23.66+0.88 17.33+0.33 18.33+0.33 15.66 + 0.33
Positive control (Streptocycline) 20.66 £ 0.33 21.66 + 0.33 15.33+0.33 19.33+0.33

The mean diameters of inhibition of triplicate experiments + standard error.

— indicates no growth inhibition

P. s: P. syringae; X.m: X. malvacearum; X.v: X. vesicatoria; X. 0: X. oryzae.

functional groups present in the berberine, The
LC- PDA- Mass spectra obtained determines the
active fraction is having major peak at retention
timeof 15.58- 17.32 mins, whichisunder PD analysis
determines the Amax at 238nm. Further, mass
spectral analysis determinesthe molecular weight,
whichisfoundtobeat 336.271.e., m/z336.1229 [M]
*, major target signals obtained from 1H & 13C
NMR of antibacterial active fraction are given in
Table2 & 3.

Thus, the spectral analyses and as per
literature, the research work carried on this plant
suggests that, the isolated active constituent as a
yellow colored benzoisoquinolinealkal oid, known
as ‘Berberine’ having molecular formula
C,H,NO,".

200 18
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Table 2. Mgjor target signals of the
active fractions obtained for *H NMR

S aTarget signal 3,

No (Proton)

1 H-8 9.77s

2 H-13 8.60s

3 H-11 8.07d (9.2
4 H-12 7.97d(8.9)
5 H-1 757s

6 H-4 6.93s

7 -OCH,0O- 6.08s

8 H-6 4941 (6.3)
9 9-OCH, 4.18s
10 10- OCH, 4.07s
11 H-5 3.251(6.3)

J values (Hz) are provided in parentheses. Recorded at
400MHz in MeO
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DISCUSSION

The indiscriminate use of antibiotics in
plant disease management has resulted in

Table 3. Major target signals of the active
fractions obtained for *C NMR

S. No. aTarget signal (Carbon) S,

1 Cc1 106.4
2 c2 149.8
3 C3 152.0
4 c4 109.4
5 Cda 132.0
6 C5 28.2

7 C6 57.2

8 c8 146.5
9 C8a 123.2
10 C9 145.7
11 C10 152.1
12 cl11 128.0
13 C12 124.6
14 Cl2a 135.0
15 C13 121.4
16 Cl3a 139.5
17 C13b 121.8
18 -OCH,0- 103.6
19 9-OCH, 62.6

20 10-OCH, 58.0

aRecorded at 400MHz in MeOD.

disturbances in the environmental, bacterial
resurgence of drug resistant phytopathogenic
bacteriaand |ethal effect to non- target organisms
inthe agro ecosystem in addition to direct toxicity
tousers. Themedicinal plantsactsasarich source
of valuabl e bioactive compounds and interest have
been generated in the development of safer
antibacterial agents to control phytopathogenic
bacteria 2. In the present study, in vitro
antibacterial potency of C. fenestratum against
major phytopathogenic bacterial pathovars has
been demonstrated. Further, the isolation and
structural identification of antibacterial active
phytoconstituent is reported. Apart from the
antimicrobial activity, C. fenestratum is reported
to possess anti-inflammatory, antioxidant,
hypotensive, antiplasmodial, antidiabetic,
antiproliferative and antihepatotoxic activities®.
Themajor phytochemicalsreported from thisplant
are isoquinoline alkaloid group which includes
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palmatine, tetrahydropalmatine, crebamine,
jatrorhizine, (-)-8- oxotetrahydrothalifendine, (-) -
8- oxoisocorypamine, (-)-8- oxotheicamineand (-)
- 8- oxocanadine?. It is rare that specific
antibacterial compound have been isolated from
medicinal plantsfollowing an activity guided assay
with phytopathogenic bacteria as test orgainsms.
As anatural alkaloid source, this plant extract is
demonstrated to inhibit the growth of both gram
negative and gram positive human pathogenic
bacteria Staph. aureus, E. coli, Proteus vulgaris,
Salmonella typhimurium, Pseudomonas
aeruginasa and Bacillus subtilis®?*. None of the
earlier workers have evaluated the antibacterial
potency against important phytopathogenic
bacteria. The antibacterial active compound
isolated in the present study is Berberine, an
alkaloid that has been used in Ayurvedic and
Chinese medicine for the last 3000 years. It isa
iminium cation derived from 5,6- dihydrodibenzo
(a,9) quniolizinium and demonstrated significant
antimicrobial activity against avariety of organisms
such as bacteria, viruses, fungi, protozoa and
Chlamydia®. In addition, this alkaloid displays a
great variety of biological and pharmacological
activities. Also, the fact that berberine and its
derivativesexhibit antimicrobial activitiesaswell
as hypolipidimic and antineoplastic activities
allows considering the berberine as an attractive
object for chemical transformations with the
purpose of directed amplifying itsnative biological
activity?. Presence of plane and multi phenyl
cycles, this molecule is reported to intercalate to
the DNA/ RNA molecules. The positive electrical
charges helpsto bind itself to any molecules with
negative electrical charges such as DNA, RNA,
proteinsand others. Thus, antibacterial mechanism
of berberine included inhibition of DNA
duplication, RNA transcription and protein
biosynthesis in bacterial cells, interference with
enzyme activity and partially due to the surface
morphological changes of bacterial cells . The
mode of action of the active principle against test
bacteria could be the same as reported by Jin et
al., (2010)%. Present study suggests berberine as
apotential phytogenous-bioactive alkaloid, which
can be exploited in plant disease management,
subject to phytotoxicity studies and field level
trails.

J PURE APPL MICROBIO, 8(2), APRIL 2014.
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CONCLUSON

The present study has demonstrated the
antibacterial potency of methanol extract of this
plant against important phytopathogenic bacteria
P. syringae; X. malvacearum; X. vesicatoria and
X. oryzae, which are known to causethe variety of
diseases in many crops. The antibacterial active
principle has been identified based on
bioautographic studies and isolated in pure form.
The spectral analyses suggest that the active
principle is a benzoisoquinoline alkaloid with
molecular formulaC, H, ,NO,*, having molecular
weight of 336.27, which hasidentified asBerberine.
The study indicates that this plant extract/
metabolite could be exploited for the management
of plant diseases caused by Pseudomonas syringae
and Xanthomonas pathovarsin avariety of crops
subject to standardization of treatment methods.

ACKNOWLEDGEMENTS

Prof. K. A. Raveesha, Principal
Investigator, UGC- Mgjor Research Project is
grateful to the University Grants Commission
(UGC), New Delhi for financial support.

REFERENCES

1. Mansfield, J., Genin, S., Magori, S., Citovsky,
V., Sriariyanu, M., Ronald, P, Dow, M., Verdier,
V., Beer, S. V., Machado, M. A., Toth, I.,
Salmond, G., Foster, G. D. Top 10 plant
pathogenic bacteriain molecul ar plant pathol ogy.
Mol Plant Patho., 2012; 13(6): 614—29.

2. Gardan, L., Shafik, H., Belouin, S., Broch, R.,
Grimont, F., Grimont, PA.D. DNA relatedness
among the pathovars of Pseudomonas syringae
and description of Pseudomonastremae sp.nov.
and Pseudomonas cannabina sp. nov. (exsutic
and Dowson 1959). Int J System Bacteria., 1999;
49: 469-78.

3. Bashir, S., Ul-Haque, M. |., Mukhtar, T., Irshad,
G., Hussain, M. A. Pathogenic variation in
Pseudomonas syringae and Xanthomonas
campestris pv. sesame associated with Blight of
Sesame. Pak J Bot., 2007; 39(3): 939-43.

4, Kennelly, M. M., Cazorla, F. M., Vicente, A.,
Ramos, C., Sundin, G. W. Pseudomonassyringae
Diseases of Fruit Trees- Progress toward
understanding and control.Plant Dis., 2007;
91(1): 1-17.

J PURE APPL MICROBIO, 8(2), APRIL 2014.

5.

10.

11.

12.

13.

14.

15.

16.

17.

SHRISHA & RAVEESHA: ANTIBACTERIAL ACTIVITY OF Coscinium fenestratum

EPPO. Pseudomonas syringae pv. aesculi.http:/
/www.eppo.org/ QUARANTINE/Alert_ List/
Pseudomonas_s_aesculi.htm. 2011.

Jagtap, G. P, Dhopte, S. B., Dey, U.Bio-efficacy
of different antibacterial antibiotic, plant extracts
and bioagents against bacterial blight of soybean
caused by Pseudomonas syringae pv. glycinea.
Sci JMicro.2012; 1(1): 1-9.

EPPO. Xanthomonas  oryzae.http://
www.eppo.org/QUARANTINE/Alert List/
bacteria/ Xanthomonas oryzae.htm. 2010.
Britto, A. J. D., Gracelin, D. H. S., Sebastian, S.
R. Antibacterial activity of a few medicinal
plants against Xanthomonascampestris and
Aeromonas hydrophila. J Biopest., 2011; 4(1):
57- 60.

Sharma, B., Pandey, M. P. Identification of rice
germplasm with resistanceto bacterial leaf blight
(Xanthomonas oryzae pv. oryzae). Ban JAgri
Res., 2012; 37(2): 349-53.

Cooksey, A. D. Reduction of Infection by
Pseudomonas syringae pv. tomato using a
Nonpathogenic, copper-resistant strain
combined with aCopper bactericide. Phytopath.,
1988; 78(5): 601-3.

Stockwell, V. O., Duffy, B. Use of antibioticsin
plant agriculture. Rev i et Tech (Int Off Epizoo).,
2012; 31(1): 199-210.

Kotan, R., Dadasoglu, F., Karagoz, K., Cakir,
A., Ozer, H., Kordali, S., Cakmakci, R., Dikbas,
N. Antibacterial activity of the essential oil and
extracts of Satureja hortensis against plant
pathogenic bacteria and their potential use as
seed disinfectants. Sci Horti., 2013; 153: 34-41.
Rojsanga, P., Gritsanapan, W. Variation of
Berberine content in Coscinium fenestratum
stemin Thailand market. Mahidol Uni J Pharma
Sci., 2005; 32(3-4): 66-70.

Tushar, K. V., George, S., Remashree, A. B.,
Balachandran, |. Coscinium fenestratum
(Gaertn.) Colebr: Areview onthisrare, critically
endangered and highly traded medicinal species.
JPlant Sci., 2008; 3(2): 133-45.

Nudkwe, G. I., Amupitan, J.O., Oko, A.l.
Assessment techniques of antimicrobial
properties of natural compounds of plant origin:
current methods and future trends. Afr J Biotech.,
2008; 7(2): 1797-1806.

M7- A7 document. Methods for dilution
antimicrobial susceptibility testsfor bacteriathat
grow aerobically; Approved standard- 7" edition.
CLS., 2006; 26(2): 10.

Frey, F. M., Meyers, R. Antibacterial activity
of traditional medicinal plants used by
Haudenosaunee peoples of New York State.



18.

19.

20.

21

22.

SHRISHA & RAVEESHA: ANTIBACTERIAL ACTIVITY OF Coscinium fenestratum

BMC Comp Alt Med., 2010; 10(64): 1-10.
Anja, K.,Sasa, P, Barbara, J., Sonja, S. M.
Evaluation of diffusion and dilution methodsto
determine the antibacterial activity of plant
extracts. J Micro Meth., 2010; 81: 121-6.
Rojsanga, P., Gritsanapan, W., Suntornsuk, L.
Determination of berberine content in the stem
extract of Coscinium fenestratum by TLC
densitometry. Med PriPract., 2006; 15: 373-8.
Marston, A. Thin Layer Chromatography with
biological detections in phytochemistry. J
Chroma A., 2011; 1218: 2676-83.

Spinhour, C. B.: Natural products In: Drug
Discorvery Handbook (Shayne CG ed.) John
Wiley & Sons, 2005; pp47-51.

Rai, V.R., Raesh, P. S., Kim, H. M. Medicinal
uses of Cosciniumfenestratum (Gaertn.) Colebr.:
an short review. Orient Pharm Exp Med., 2013;

23.

24.

25.

26.

1733

13:1-9.

Hou, D., Yan, C,, Liu, H., Ge, X., Xu, W., Tian,
P. Berberine as anatural compound inhibitsthe
development of brown rot of fungus
Moniliniafructicola. Crop Prot., 2010; 29: 979-
84.

Jin, J., Hua, G., Meng, X., Gao, P. Antibacterial
mechanisms of Berberine and reasons for little
resistance of bacteria. Chi Herbal Med., 2010;
3(1): 27-35.

Haung, M., Leck, K. S, Hurley, S. J. Nuclear
Magnetic Resonance Spectral analysis and
molecular properties of Berberine. Int J Quant
Chem., 2005; 105: 1396-1409.

Nechepurenko, 1. V., Salakhutclino, V. N. F,
Tolstikov, G. G. Berberine: chemistry and
biologicd activity. Chem Sustain Devel op., 2010;
18: 1-23.

J PURE APPL MICROBIO, 8(2), APRIL 2014.



