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Abstract

Ruta angustifolia (L.) Pers. is a Rutaceous species which contains various anthranilic acid derived alkaloids including the View Related Records

bioactive quinolones. This study is aimed at identifying the antimicrobial active alkaloids of R. angustifolia and evaluating

their potential as synergistic enhancers in alkaloid-antibiotic combinations. Antimicrobial bioautographyguided isolation of Use in Web of Science
alkaloidal fractions of R. angustifolia leaves has led to the identification of 2,3-dimethoxy-1-hydroxy-10-methylacridone

[arborinine]; and 4,7,8-trimethoxyfuro[2,3-b] quinoline [skimmianine]; together with the major active alkaloid, 1-methyl-2- Web of Science Usage Count
[3',4'-methylenedioxyphenyl]-4-quinolone [graveoline]. Graveoline showed Minimum Inhibitory Concentration (MIC) values 0 0
ranging from 500 to 1000 mu g/mL against Staphylococcus aureus ATCC 25923, Enterococcus faecalis ATCC 29212 and
Escherichia coli ATCC 25922. Checkerboard assay for antimicrobial combination effects between graveoline with either Last 180 Days Since 2013
erythromycin or vancomycin showed enhancement of the antimicrobial activity of both antibiotics with Fractional
Inhibitory Concentration Indices (FICI) ranged from 0.37 to 1.50. Synergistic effect with FICI of 0.37 was observed for Learn more
graveoline-erythromycin combination against S. aureus compared to FICI of 1.00 for ciprofloxacin-erythromycin additive
effect. Graveoline was a potential candidate for antimicrobial combination agent especially against S. aureus. The result This record is from:
supports the idea of using plant metabolites as antimicrobial synergistic agents. Web of Science Core Collection

- Science Citation Index Expanded
Keywords
Author Keywords: Antimicrobial; graveoline; Ruta angustifolia; synergistic enhancer Suggest a correction

KeyWords Plus: CIPROFLOXACIN; ANTIBIOTICS; MECHANISM Ifyou would like to improve the quality of

the data in this record, please suggest a
Author Information correction.

Reprint Address: Hassan, NM (reprint author)
+ IntlIslamic Univ Malaysia, Dept Pharmaceut Chem, Kulliyyah Pharm, Kuantan 25200, Pahang Darul Ma, Malaysia.

Addresses:
+ [1]IntiIslamic Univ Malaysia, Dept Pharmaceut Chem, Kulliyyah Pharm, Kuantan 25200, Pahang Darul Ma, Malaysia

+ [2]IntlIslamic Univ Malaysia, Dept Basic Med Sci, Kulliyyah Pharm, Kuantan 25200, Pahang Darul Ma, Malaysia

E-mail Addresses: norazianmh@iium.edu.my

Funding
Funding Agency Grant Number

Ministry of Higher Education Malaysia (MOHE) = FRGS0207-60

International Islamic University Malaysia RIGS16-123-0287

View funding text

Publisher
UNIV KEBANGSAAN MALAYSIA, FACULTY SCIENCE & TECHNOLOGY, BANGI, SELANGOR, 43600, MALAYSIA

Journal Information

Impact Factor: Journal Citation Reports

http://apps.webofknowledge.com.ezaccess.library.uitm.edu.my/full_record.do?product=WOS&search_mode=GeneralSearch&qid=3&SID=C3lYW8c12... 1/3


http://apps.webofknowledge.com.ezaccess.library.uitm.edu.my/home.do?SID=C3lYW8c12KERbMKmNQV
http://apps.webofknowledge.com.ezaccess.library.uitm.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=C3lYW8c12KERbMKmNQV&field=AU&value=Kamal,%20LZM
javascript:sup_focus('addressWOS:000451640100019-1')
http://apps.webofknowledge.com.ezaccess.library.uitm.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=C3lYW8c12KERbMKmNQV&field=AU&value=Hassan,%20NM
javascript:sup_focus('addressWOS:000451640100019-1')
http://apps.webofknowledge.com.ezaccess.library.uitm.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=C3lYW8c12KERbMKmNQV&field=AU&value=Taib,%20NM
javascript:sup_focus('addressWOS:000451640100019-1')
http://apps.webofknowledge.com.ezaccess.library.uitm.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=C3lYW8c12KERbMKmNQV&field=AU&value=Soe,%20MK
javascript:sup_focus('addressWOS:000451640100019-2')
javascript:;
http://apps.webofknowledge.com.ezaccess.library.uitm.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=C3lYW8c12KERbMKmNQV&field=TS&value=Antimicrobial&uncondQuotes=true
http://apps.webofknowledge.com.ezaccess.library.uitm.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=C3lYW8c12KERbMKmNQV&field=TS&value=graveoline&uncondQuotes=true
http://apps.webofknowledge.com.ezaccess.library.uitm.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=C3lYW8c12KERbMKmNQV&field=TS&value=Ruta+angustifolia&uncondQuotes=true
http://apps.webofknowledge.com.ezaccess.library.uitm.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=C3lYW8c12KERbMKmNQV&field=TS&value=synergistic+enhancer&uncondQuotes=true
http://apps.webofknowledge.com.ezaccess.library.uitm.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=C3lYW8c12KERbMKmNQV&field=TS&value=CIPROFLOXACIN&uncondQuotes=true
http://apps.webofknowledge.com.ezaccess.library.uitm.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=C3lYW8c12KERbMKmNQV&field=TS&value=ANTIBIOTICS&uncondQuotes=true
http://apps.webofknowledge.com.ezaccess.library.uitm.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=C3lYW8c12KERbMKmNQV&field=TS&value=MECHANISM&uncondQuotes=true
javascript:hide_show('reprint_pref_org_exp_link_1', 'inline');hide_show('show_reprint_pref_org_exp_link_1', 'none');hide_show('hide_reprint_pref_org_exp_link_1', 'inline')
javascript:hide_show('research_pref_org_exp_link_1', 'inline');hide_show('show_research_pref_org_exp_link_1', 'none');hide_show('hide_research_pref_org_exp_link_1', 'inline')
javascript:hide_show('research_pref_org_exp_link_2', 'inline');hide_show('show_research_pref_org_exp_link_2', 'none');hide_show('hide_research_pref_org_exp_link_2', 'inline')
mailto:norazianmh@iium.edu.my
javascript:hide_show('show_fund_blurb', 'inline');hide_show('show_fund_blurb_link', 'none');hide_show('hide_fund_blurb_link', 'inline')
javascript:;
javascript:csiovl('PCTAdd', '/OutboundService.do?action=go&mode=PCTAdd&product=WOS&SID=C3lYW8c12KERbMKmNQV&component=pct&forwardTo=None&qid=3&doc=1&colName=WOS&num_cited=0');
http://apps.webofknowledge.com.ezaccess.library.uitm.edu.my/InterService.do?product=WOS&toPID=WOS&action=AllCitationService&isLinks=yes&highlighted_tab=WOS&last_prod=WOS&fromPID=WOS&returnLink=http%3a%2f%2fapps.webofknowledge.com%2ffull_record.do%3fhighlighted_tab%3dWOS%26last_prod%3dWOS%26search_mode%3dGeneralSearch%26qid%3d3%26log_event%3dyes%26product%3dWOS%26SID%3dC3lYW8c12KERbMKmNQV%26viewType%3dfullRecord%26doc%3d1%26page%3d1&srcDesc=RET2WOS&srcAlt=Back+to+Web+of+Science&UT=WOS:000451640100019&search_mode=CitedRefList&SID=C3lYW8c12KERbMKmNQV&parentProduct=WOS&parentQid=3&parentDoc=1&recid=WOS:000451640100019&PREC_REFCOUNT=22&fromRightPanel=true
http://apps.webofknowledge.com.ezaccess.library.uitm.edu.my/InterService.do?product=WOS&toPID=WOS&action=AllCitationService&isLinks=yes&highlighted_tab=WOS&last_prod=WOS&fromPID=WOS&returnLink=http%3a%2f%2fapps.webofknowledge.com%2ffull_record.do%3fhighlighted_tab%3dWOS%26last_prod%3dWOS%26search_mode%3dGeneralSearch%26qid%3d3%26log_event%3dyes%26product%3dWOS%26SID%3dC3lYW8c12KERbMKmNQV%26viewType%3dfullRecord%26doc%3d1%26page%3d1&srcDesc=RET2WOS&srcAlt=Back+to+Web+of+Science&UT=WOS:000451640100019&parentProduct=WOS&parentQid=3&search_mode=RelatedRecords&SID=C3lYW8c12KERbMKmNQV&parentDoc=1
javascript:;
javascript:;
javascript: void('InCites')
javascript: void('JCR')
javascript: void('ESI')
javascript: void('EndNote')
javascript: void('PUBLONS')
https://kopernio.com/?utm_source=WOS_home&utm_medium=web&utm_campaign=kopernio_wos_product&ref=wos
javascript:void(0);
javascript:void(0)
javascript: void(0)
javascript: void(0)
javascript: void(0)
http://apps.webofknowledge.com.ezaccess.library.uitm.edu.my/WOS_CombineSearches_input.do?product=WOS&SID=C3lYW8c12KERbMKmNQV&search_mode=CombineSearches
http://apps.webofknowledge.com.ezaccess.library.uitm.edu.my/ViewMarkedList.do?action=Search&product=WOS&SID=C3lYW8c12KERbMKmNQV&mark_id=UDB&search_mode=MarkedList&colName=WOS&entry_prod=WOS
javascript:void('Links');
javascript:;
javascript: void(0)
javascript: void('Next Page')
http://apps.webofknowledge.com.ezaccess.library.uitm.edu.my/WOS_GeneralSearch_input.do?product=WOS&SID=C3lYW8c12KERbMKmNQV&search_mode=GeneralSearch
http://apps.webofknowledge.com.ezaccess.library.uitm.edu.my/summary.do?product=WOS&search_mode=GeneralSearch&qid=3&SID=C3lYW8c12KERbMKmNQV&page=

12/14/2018

Web of Science [v.5.31] - Web of Science Core Collection Full Record

Categories / Classification

Research Areas: Science & Technology - Other Topics

Web of Science Categories: Multidisciplinary Sciences

See more data fields

Cited References: 22

Showing 22 of 22 View Allin Cited References page

10.

11.

Plants as sources of new antimicrobials and resistance-modifying agents
By: Abreu, Ana Cristina; McBain, Andrew J.; Simoes, Manuel
NATURAL PRODUCT REPORTS Volume: 29 Issue:9 Pages: 1007-1021 Published: 2012

Recent advances in research of natural and synthetic bioactive quinolines
By: Chung, Po-Yee; Bian, Zhao-Xiang; Pun, Ho-Yuen; et al.
FUTURE MEDICINAL CHEMISTRY Volume: 7 Issue: 7 Pages: 947-967 Published: 2015

Methods for Dilution Antimicrobial Susceptibility Tests for Bacteria that Grow Aerobically, Approved Standard
Group Author(s): CLSI

document M7-A7 Published: 2006
ISBN

Publisher: Clinical and Laboratory Standards Institute., Wayne

Mechanism for translocation of fluoroquinolones across lipid membranes
By: Cramariuc, Oana; Rog, Tomasz; Javanainen, Matti; et al.
BIOCHIMICA ET BIOPHYSICA ACTA-BIOMEMBRANES Volume: 1818 Issue: 11 Pages: 2563-2571 Published: NOV 2012

Alkaloids: An overview of their antibacterial, antibiotic-enhancing and antivirulence activities
By: Cushnie, T. P. Tim; Cushnie, Benjamart; Lamb, Andrew J.
INTERNATIONAL JOURNAL OF ANTIMICROBIAL AGENTS Volume: 44 Issue:5 Pages:377-386 Published: NOV 2014

New quinoline alkaloid from Ruta chalepensis

By: El Sayed, K.; Al-Said, M.S.; El-Feraly, F.S; et al.

Journal of Natural Product Volume: 63 Pages: 995-997 Published: 2003
[Show additional data]

Quinolones: Recent Structural and Clinical Developments
By: Emami, S.; Shafiee, E.; Foroumadi, A.
Iran. J. Pharm. Res. Volume: 3 Pages: 123-136 Published: 2005

Alkaloids derived from anthranilic acid: Quinoline, acridone, and quinazoline
By: Fernandes, J.B.; Forim, M.R; Vieira, P.C.; et al.

Natural Product Pages: 715-858 Published: 2013

Publisher: Springer-Verlag, Berlin Heidelberg

[Show additional data]

Macrolide antibiotics: Binding site, mechanism of action, resistance
By: Gaynor, M; Mankin, AS
CURRENT TOPICS IN MEDICINAL CHEMISTRY Volume: 3 Issue:9 Pages: 949-960 Published: 2003

Activity of gatifloxacin and ciprofloxacin in combination with other antimicrobial agents
By: Gradelski, E; Kolek, B; Bonner, DP; et al.
INTERNATIONAL JOURNAL OF ANTIMICROBIAL AGENTS Volume: 17 Issue:2 Pages: 103-107 Published: FEB 2001

Synergistic interaction of phenylpropanoids with antibiotics against bacteria

4 10f1 P

(from Web of Science Core Collection)

Times Cited: 125

Times Cited: 32

Times Cited: 117

Times Cited: 28

Times Cited: 93

Times Cited: 1

Times Cited: 33

Times Cited: 2

Times Cited: 88

Times Cited: 32

Times Cited: 32

http://apps.webofknowledge.com.ezaccess.library.uitm.edu.my/full_record.do?product=WOS&search_mode=GeneralSearch&qid=3&SID=C3lYW8c12...

2/3


javascript: void(0)
javascript: void('Next Page')
http://apps.webofknowledge.com.ezaccess.library.uitm.edu.my/summary.do?product=WOS&parentProduct=WOS&search_mode=CitedRefList&parentQid=3&parentDoc=1&qid=5&SID=C3lYW8c12KERbMKmNQV&colName=WOS&page=1
http://apps.webofknowledge.com.ezaccess.library.uitm.edu.my/CitedFullRecord.do?product=WOS&colName=WOS&SID=C3lYW8c12KERbMKmNQV&search_mode=CitedFullRecord&isickref=WOS:000307306000005
http://apps.webofknowledge.com.ezaccess.library.uitm.edu.my/CitingArticles.do?product=WOS&SID=C3lYW8c12KERbMKmNQV&search_mode=CitingArticles&parentProduct=WOS&parentQid=5&parentDoc=1&REFID=435620578&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezaccess.library.uitm.edu.my/CitedFullRecord.do?product=WOS&colName=WOS&SID=C3lYW8c12KERbMKmNQV&search_mode=CitedFullRecord&isickref=WOS:000362889500010
http://apps.webofknowledge.com.ezaccess.library.uitm.edu.my/CitingArticles.do?product=WOS&SID=C3lYW8c12KERbMKmNQV&search_mode=CitingArticles&parentProduct=WOS&parentQid=5&parentDoc=2&REFID=489560782&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezaccess.library.uitm.edu.my/CitingArticles.do?product=WOS&SID=C3lYW8c12KERbMKmNQV&search_mode=CitingArticles&parentProduct=WOS&parentQid=5&parentDoc=3&REFID=287668072&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezaccess.library.uitm.edu.my/CitedFullRecord.do?product=WOS&colName=WOS&SID=C3lYW8c12KERbMKmNQV&search_mode=CitedFullRecord&isickref=WOS:000309081700010
http://apps.webofknowledge.com.ezaccess.library.uitm.edu.my/CitingArticles.do?product=WOS&SID=C3lYW8c12KERbMKmNQV&search_mode=CitingArticles&parentProduct=WOS&parentQid=5&parentDoc=4&REFID=436247631&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezaccess.library.uitm.edu.my/CitedFullRecord.do?product=WOS&colName=WOS&SID=C3lYW8c12KERbMKmNQV&search_mode=CitedFullRecord&isickref=WOS:000344938800001
http://apps.webofknowledge.com.ezaccess.library.uitm.edu.my/CitingArticles.do?product=WOS&SID=C3lYW8c12KERbMKmNQV&search_mode=CitingArticles&parentProduct=WOS&parentQid=5&parentDoc=5&REFID=478839390&excludeEventConfig=ExcludeIfFromNonInterProduct
javascript:$('#cited-refs-full-record #FCR_NORMAL_DATA_6 .fcr-data-normal').hide(1000);$('#cited-refs-full-record #FCR_NORMAL_DATA_6 .fcr-data-additional').css('display', 'inline');$('#cited-refs-full-record #FCR_NORMAL_DATA_6 .fcr-data-additional').show('fast');void(0)
http://apps.webofknowledge.com.ezaccess.library.uitm.edu.my/CitingArticles.do?product=WOS&SID=C3lYW8c12KERbMKmNQV&search_mode=CitingArticles&parentProduct=WOS&parentQid=5&parentDoc=6&REFID=573605865&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezaccess.library.uitm.edu.my/CitingArticles.do?product=WOS&SID=C3lYW8c12KERbMKmNQV&search_mode=CitingArticles&parentProduct=WOS&parentQid=5&parentDoc=7&REFID=91228371&excludeEventConfig=ExcludeIfFromNonInterProduct
javascript:$('#cited-refs-full-record #FCR_NORMAL_DATA_8 .fcr-data-normal').hide(1000);$('#cited-refs-full-record #FCR_NORMAL_DATA_8 .fcr-data-additional').css('display', 'inline');$('#cited-refs-full-record #FCR_NORMAL_DATA_8 .fcr-data-additional').show('fast');void(0)
http://apps.webofknowledge.com.ezaccess.library.uitm.edu.my/CitingArticles.do?product=WOS&SID=C3lYW8c12KERbMKmNQV&search_mode=CitingArticles&parentProduct=WOS&parentQid=5&parentDoc=8&REFID=516579512&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezaccess.library.uitm.edu.my/CitedFullRecord.do?product=WOS&colName=WOS&SID=C3lYW8c12KERbMKmNQV&search_mode=CitedFullRecord&isickref=WOS:000182518200003
http://apps.webofknowledge.com.ezaccess.library.uitm.edu.my/CitingArticles.do?product=WOS&SID=C3lYW8c12KERbMKmNQV&search_mode=CitingArticles&parentProduct=WOS&parentQid=5&parentDoc=9&REFID=36599963&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezaccess.library.uitm.edu.my/CitedFullRecord.do?product=WOS&colName=WOS&SID=C3lYW8c12KERbMKmNQV&search_mode=CitedFullRecord&isickref=WOS:000166851000004
http://apps.webofknowledge.com.ezaccess.library.uitm.edu.my/CitingArticles.do?product=WOS&SID=C3lYW8c12KERbMKmNQV&search_mode=CitingArticles&parentProduct=WOS&parentQid=5&parentDoc=10&REFID=17104718&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezaccess.library.uitm.edu.my/CitedFullRecord.do?product=WOS&colName=WOS&SID=C3lYW8c12KERbMKmNQV&search_mode=CitedFullRecord&isickref=WOS:000285271900009
http://apps.webofknowledge.com.ezaccess.library.uitm.edu.my/CitingArticles.do?product=WOS&SID=C3lYW8c12KERbMKmNQV&search_mode=CitingArticles&parentProduct=WOS&parentQid=5&parentDoc=11&REFID=345213275&excludeEventConfig=ExcludeIfFromNonInterProduct

