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Gout is a type of arthritis that causes painful inflammation in one or more joints. In
gout, elevation of uric acid in the blood triggers the formation of crystals, causing
joint pain. Malaysia is a mega-biodiversity country that is rich in medicinal plants
species. Therefore, its flora might offer promising therapies for gout. This article aims
to systematically review the anti-gout potential of Malaysian medicinal plants. Articles on
gout published from 2000 to 2017 were identified using PubMed, Scopus, ScienceDirect,
and Google Scholar with the following keyword search terms: “gout,” “medicinal
plants,” “Malaysia,” “epidemiology,” “in vitro,” and “in vivo.” In this study, 85 plants
were identified as possessing anti-gout activity. These plants had higher percentages
of xanthine oxidase inhibitory activity (>85%); specifically, the Momordica charantia,
Chrysanthemum indicum, Cinnamomum cassia, Kaempferia galanga, Artemisia vulgaris,
and Morinda elliptica had the highest values, due to their diverse natural bioactive
compounds, which include flavonoids, phenolics, tannin, coumarins, luteolin, and
apigenin. This review summarizes the anti-gout potential of Malaysian medicinal plants
but the mechanisms, active compounds, pharmacokinetics, bioavailability, and safety of
the plants still remain to be elucidated.
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BACKGROUND

Gout incidence has increased over the past 50 years, especially in developing countries (Kuo et al,,
2015). Gout is a type of inflammatory arthritis triggered by interactions between monosodium urate
(MSU) crystals and tissue (Dalbeth et al., 2014) during purine catabolism by the enzyme of xanthine
oxidase (Nile et al., 2013). Xanthine oxidase catalyzes the oxidative hydroxylation of hypoxanthine
to xanthine to uric acid, leading to painful inflammation (Nile and Khobragade, 2011). Uricase is
an enzyme that further catalyzes the conversion of uric acid to the highly soluble allantoin that is
excreted in the urine (Figure 1). Unfortunately, uricase is not a functional human enzyme and, as
a result, humans can develop hyperuricemia (Gliozzi et al., 2016). Gout has also been reported to
cause tophi, joint deformities, and kidney stones (Teh et al., 2014).

Hyperuricemia, a major etiological factor of gout, develops either due to overproduction caused
by a metabolic disorder or due to under excretion of blood uric acid due to abnormal renal urate
transport activity (Ichida et al., 2012). Kidney is the main regulator of serum uric acid levels
where renal urate excretion is determined by the balance of the reabsorption and secretion of
urate. Renal urate reabsorption is mainly mediated by two urate transporters—urate transporter
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FIGURE 1 | Mechanism of purine catabolism (Offermanns and Rosenthal,
2008; Bustaniji et al., 2011).

1 (URAT1) and glucose transporter 9 (GLUT9) (Enomoto et al.,
2002; Matsuo et al., 2008). One of the mechanisms involved
in reducing the plasma uric acid concentration is an inhibition
of the reabsorption of urate in renal tissue via renal mRNA
and protein levels of urate transporter 1 (URAT1), glucose
transporter 9 (GLUTY), organic anion transporter 1 (OAT1)
and organic cation/carnitine transporters (OCT1/2, OCTN1/2)
(Sungthong et al., 2016). Hyperuricemia occurs when serum uric
acid levels are >0.42 mmol/L (Stamp et al., 2007). Therefore,
reducing uric acid is the main approach for the treatment of gout,
with target levels of serum uric acid of less than 0.36 mmol/L
(Falasca, 2006; Pillinger et al., 2007).

Several risk factors for the development of gout have
been established, including hyperuricemia, age, genetic factors,
dietary factors, alcohol consumption, metabolic syndrome,
hypertension, obesity, diuretic use, cholesterol level, and chronic
renal disease (Roddy and Doherty, 2010). Men are believed to
have four- to nine-fold increased the risk of developing gout
compared to women; however, once women reach menopause,
they tend to develop gout, as the uricosuric action of estrogen
is lost (Tausche et al., 2009). Genetics and race may also be
important factors that contribute to the incidence of gout (Mohd
etal., 2011).

Several drugs are approved for the treatment of gout,
including colchicine, steroids, non-steroidal anti-inflammatory
drugs (ibuprofen, naproxen, indomethacin, and aspirin),
cyclooxygenase 2 (COX-2) inhibitors (etoricoxib), and
allopurinol. Although these agents are effective, they also cause
side effects, such as skin allergies, fever, rash, renal dysfunction,
aseptic meningitis, and hepatic dysfunction (Nguyen et al., 2004;

Strazzullo and Puig, 2007). For example, allopurinol, which is
the most commonly used xanthine oxidase inhibitor for gout
(Pacher et al., 2006), causes nephrolithiasis, hypersensitivity
reaction, Stevens-Johnson syndrome, renal toxicity, allergic
reactions, and fatal liver necrosis, and increases the toxicity of
6-mercaptopurin (Kong et al., 2004; Wang et al., 2004).

Recently, treating disease using medicinal plants is gaining
new interest (Unno et al., 2004) and research on medicinal plants
has increased worldwide (Tapsell et al., 2006; Triggiani et al.,
2006) due to fewer side effects and lower costs (Srivastava et al.,
2012). Malaysia is a country that has more than 8,000 species of
flowering plants and ~7,411 plant species have been identified
in Sabah, Malaysia Borneo; in addition, 1,300 medicinal plant
species have been documented in Peninsular, Malaysia (Kulip,
2003; Abd Aziz et al,, 2011). The aim of the present review is
to provide comprehensive information on the potential of anti-
gout Malaysian medicinal plants and review the scientific data,
including the experimental methodologies, active compounds,
and mechanisms of action against gout.

METHODS

PubMed, Scopus, ScienceDirect and Google Scholar databases
were searched for publications from 2000 to 2017 with in
vitro and in vivo data on Malaysian medicinal plants for gout.
The search terms included the following: “gout,” “medicinal
plants” “in vivo, “in vitro, “epidemiology,” “Malaysia,” and
“mechanisms.” Publications with available abstracts were also
reviewed and ~99 publications, including journal articles and
proceedings, were reviewed. Data from these studies were then

were summarized (Table 1: in vitro data; Table 2: in vivo data).

DISCUSSION

Medicinal plants contain many bioactive compounds and
antioxidants that can be used as complementary or alternative
medicines to treat gout. In fact, ~65-80% of people in
developing countries use medicinal plants as remedies (World
Health Organization, 2011). Plants are also important sources
of medicines in the United States, where at least one plant-
based ingredient is used in 25% of pharmaceutical prescriptions
(Kumar and Azmi, 2014).

The xanthine oxidase inhibition assay is considered a gold
standard to study the anti-gout potential of medicinal plants.
Some plants and their phytochemicals are worthy of exploration
as they can act as xanthine oxidase inhibitors. These compounds
are also safe if an appropriate amount is taken and have few
side effects (Rates, 2001; Abd Aziz et al., 2011). Previous studies
have reported that five vegetables contain possible agents that
can cause acute or chronic toxicities when consumed in large
quantities or over a long period of time (Orech et al., 2005). Thus,
it is very important for researchers to evaluate the toxicity of
plants in in vitro and in vivo studies and clinical trials.

In this study, ~46 families of plants were identified and
studied, both in vitro (n = 30) and in vivo (n = 24), for
anti-gout activity (Tables 1, 2). Plants from the Asteraceae,

Frontiers in Pharmacology | www.frontiersin.org

March 2018 | Volume 9 | Article 261


https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles

Anti-gout of Malaysian Medicinal Plants

Abu Bakar et al.

(penunuoD)
wnaipul
000z “fe 10 Buoy  uuebide pue ujjoenT jw/B7 001 18 %00°56 22 |OUBYIS|N/1OMO| emyey ebung oeaorlolsy wnweyuesAiyn
Loz “fe 1o Ayjop Iw/BT 001 18 %95 ¥9 [oUBUIBIN/SPOeS
| 10Z ‘UleH-0201yoIyD pue eAedy SUIUUE] ‘PIO[EMIY jw/BM 001 ¥ % 06°1L9 VN |ouBYIo|N/Sones efel nkey| oeadeqe BInjsy eIssen
|joueyia/sjeed
|w/Bv 00k 18 %L1 1L unuy aduun
|w/B1 Q0L ¥ %E0°99 |ouey)3/slemold
Iw/BT 001 18 %789 JoueyT/SHNY eduun
Iw/BT 001 18 %286 |ouByl3/Spass
[w/BM 00k 1 %L L8 Joueyig/sejoned
2L0g “e 1o lwzy VN Iw/B" 001 18 %8e'8. VN |oueyi3/senesn Mheg aeaorOLIR) efeded eoue)
0002 “'[e 10 Buoy| YN 1w/BT 001 18 %00 L
7002 e 10 usAnBN VN Iw/B7 001 1 %0z Lg YN [oueyis|N/Aueld Sj0UM ebebod selajllequin BONEISE Bl[ojuUeD
SPIOUOARJ}
| 102 ‘UlsH-0201yo1yD pue eledy ‘sujuue) ‘oljousyd w67 001 1 %E9°G2 VN |OUBYIBIN/SeNES ne|ebeusd  eeaoe|Aydoe)  wnjAydour wnyfydoed
Y002 “'[e 18 UsANBN VYN Iw/Bv 00} 18 %0582 A4 [OUELISIA/POOAN Buedes eesoeuIdiesor) ueddes giuidiesee)
710g “Hed pue alIN VN Iw/B7 001 18 %00°GL 0'g |OUBUISIN/SI00Y eseled oesdege ewedsouow eaing
sujueAooyjue
G102 ‘PAV Pue 8imezzy-|y ‘SpIoe Oljousyd Iw/Bw 0Sg ¥e %2.'eS 00'0S+'0€2 Jeyep/senes) Yesow siany seaorolsselg B20BISJ0 BIISSBIG
7002 “'[e 18 USANBN VN lw/Bv 001 18 %0608 09 nequey EBule)
0102 “'[e 10 esSaN SPIOUOAE| VN LLLO joueyieN/senes  ‘eded ‘Bunguues Xoxod seaoeIelsy BlBjILUBS[EY BOWNG
|oUBYIBN/SIXe
Jw/B1 000° L 18 %¥S 65 a0oussaIolU|
|w/BY 000" 18 %66°LS Joueyiepy/dieoLiag
|w/BY 000"} Y8 %02 LS JoueyIep/WIsdsopuT
9102 “[e 18 uBWSO VN Iw/Bv 000"} 18 %28'85 VN |OUBY}B|N/Sones 1eInd  eeeoepiyihkoe  esoweor. luoibuLEg
€102 “[e 18 BIWINA VN Iw/BM 001 18 %eL L VN joueyig/wnijo4 Mepue| ebung 9B80RYIUBOY spuoud elisueg
lw/BM 00k 18 %L1L loueyie/siead yn ediy
[w/BM 00k 18 %12 |ouBYI3/SIeMOld
20z e 18 lwzy VN jw/Br 001 Y8 %1962 VN |ouBy}3/ senes] siuew Buiquieg oesoepIexO BlOqUIBIRO BOYLIBAY
7002 "'E 19 UeAnbN splouonely lw/BY 001 e %0€'68 vk [oUBLION/SoNEST] U nieg oraORIOISY SueBInA BisiweyYy
7102 “[e 10 esuBlNS)Y Iw/BT 001 18 %26/E VN |OUBUIBIN/SONES
G102 Yey3-pay pue uewyey-|3 VN Iw/B7 001 18 %68'eL VN |ouBYlg/seneeT]| Lepes sesoeldy suejoanelb wnidy
G1L0Z e 19 luleung VN Jw/B67 001 1B %289 00z< |ouey)3/senes BUOU Ueng 9B80RUOULY Bsowenbs euouuy
G1LOZ e 18 luseuns VN Jw/BT 001 Y %8e /1 SL L |ouBYIT/Sones Ldey| euopN ‘Bueuo 9B80BUOULY BJBINOI8.] BUOUUY
G102 “[e 1o luteung VN Iw/B7 001 ¥e %81 vL 00c< |oueyi3/sanes Bpuejeq ueung 9B20BUOUUY BIROLNW BUOUUY
€102 “'[e 10 BUWNA VN |w/BM Q0L ¥e %66°LS VN |oueyi3/ewoziyy senyjbue] oeaoeIaqIbulyz ebueeb elud)y
G102 Meyi3-Pay pue uewyey-|3 N Iw/BT 001 1 %L ey N |ouBy13/senes] reied Buemeg oeoOEIN  wnsesdojpawe wnjjy
1 10Z ‘UleH-0001yoIyD pue eAedy SOPISOOAID delpIeD Jw/BT 001 Y %G1 /Y VN |OUBYIO|N/SoNes ebes osesoulwnbe  euwoAed eieyiueuepY
002 “'[e 18 UaAnBN VN Jw/Br 001 Y %01'GS 268 |oUBYISN/oWOoZIY neBuels( yoxod oaeadely snwiejeo sniody
uoniqiyul
(s)oouaiagey spunodwod aAnoy asepixo aulypuey  (jwy/61) 0So) pash Juanjog/ed aweu |eo0] Awey awieu o1uUAIDS

"SeIpN)s 0.3iA U Uo paseq AJAnOe INoB-liue ssessod 0} paIapIsuod ale yolym sjued [euldipaw ay] | | 319V.L

March 2018 | Volume 9 | Article 261

Frontiers in Pharmacology | www.frontiersin.org


https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles

Anti-gout of Malaysian Medicinal Plants

Abu Bakar et al.

(ponunuoD)
2oz "B 1o lwzy VN Iw/BT 001 18 %18°0. VN |ouey13/senesn mng eesoejodes elodez eesjiuep
£10Z “'[e 10 BUWNA VN Wb 0oL 1. %L 2L VN |oueyi3/wnijo weAe |ye} eBung 9Ba0BUSQUSA B/BUIRD BUBIUET
7002 “'[e 10 UsAnBN VN Jw/BM 001 1 %0189 80 |JoueyeN/ed [eusy Jemeles oesoenssel) ereuud eoyoueey|
7002 e 10 usAnBN VN 1w/BT 001 18 %09°06 A% [ouByIBN/BWOoZIYY
€102 “'[e 10 BUWNA VN Iw/BT 001 18 %98°'82 VN |oueyi/ewoziyy aneD  eesvesRqIbUZ [ebuejeb eusjdweey]
©102Z “[e 18 BUWNA VN jw/Br 00| Ye %8y'8l VN |oueyi3/wnijo esnJ uneq 9ea0BYjUEOY essniepuab eonsne
q910z “fe 1o yisbuiunAuyem VN Iw/Bv 00z 18 %2l /e VN loueua/xAeD
L10Z “[e 1o llueisng VN w67 00Z 18 %0161 N Jerep/xAlen nsns wesy oBaOBABI\ BYLRPQgES SNOSIqIH
7002 e 10 usAnBN VN Iw/BT 001 18 %06°SS 68 |oueyia|N/Hed feusy Jen yepy| induwiny sesoeIgny BSnyip sioAper
002 “'[e 18 UsAnBN VN w67 001 1 %0% 79 6'7S |oueyiB|N/A00Y siuew Jexy oea0eqe sIsusjein ezIyLIAOAID
uoljoel}
06'vy  ©yeIeoe |Auig/senes
Uoljoel}
6002 “'[e 10 lemsalewelln PIOUOAB] PUE Oljousyd VN oz'te WLI0JOIO|yD/Sones depep ebung sesoege B1oL}S BULIYIAIT
210z “[e 1o ueleleleypumos oljousyd VN G.2'¢s |oueyIBINAeg Mireq depag eesoeqe volpUl BULLIAIF
Iw/BT o0k 1 %Ly el Joueygy/siead uny ediy siemeses nefy eeeoepudes snuejsejeL
Z10z e 1o Iwzy N lw/B71 001 18 %889 N loueyig/senee]  UeBUOT ‘Buony ere , uebuoy sndreoowiq
Iw/Br 001 18 %012y L'Lee  eyeiooe |Aylg/senesn
Iw/Bv oG 1e %06'8/ §'2¢9¢ eejeoe Ay1g/spees
lw/B7 0G 1e %0262 fogerdt eyejeoe [Ayig/sbimi
v UlluesablAucieoy lw/B7 0G 1e %0262 6'8l 1 erejeoe |Ayig/sdieolied
910z “feleneys  ‘gv upluehooyiueoid w67 001 1. %09'8/ 8GLI a1e1008 |AU13/4emol uebuo’] oeaoepuIdes uebuoj sndieoowidq
%002 “'[e 10 UsAnBN VN /B 001 1 %0% 6. 6'2S |OUBYIBIN/AWOZIYY wely eley indwny aeaoeledAiD SnpuNoJ sniedAn
£10Z “'[e 10 BUWNA VN jw/Br 0oL 18 %Z L8k VN |ouBYIg/WNjoled 1Buem rejeg 880080 snpJeu uobodoquifD
2: | “JUBA|0S JO awn|oA Jad
IO [E[JUSSSS JO UOBJIUBOUOD
2102 “'[e 18 IueyBan VN SWN|OA JO Olfel 1 %1e' |8 VN IO [enuassa3/syels ueMew [eses 9B00B0d  SMBJO uoBodoquiAD
7102 “'[e 10 @auBNS|y VN Jw/BM 001 1 %182 VN  |oueyiewaueld 8|0y HAUNYY oeaoelaqibuly ebuol eunoIND
¥10T “[e 18 seueyns|Y VN Iw/BT 001 18 %ee /2 VN |oUeYloW/Spess nge7  8esoelqINOND oded ejqinon)
7102 “[e @ nL VN VN Ok |oueyyg/ped [eusy uefeb refejeg sesdeyjuedy sugnu snyuBdRUIO
0002 “[e 10 Buoy VN Iw/Bv 001 18 %00° LS VN |oueyisN/lIBYS NI usio sesoeIny sisusuIs SnjIo
L L0g “[e 18 lluelsng VN 1w/B7 00Z 18 %0Y 1 VN Joyem/spess eMIquisl  8B80BIQINOND SIYIUAD0I00 SNiNAID
uoweuu
102 “'[e 10 @8ueyNs|Y VN jw/Br 001 18 %ye v VN |ouBYIBN/SONes siuew nAey| oesoeIne wnwowreuu)
Iw/BT 001 18 %08°SS 728
Iw/Bv 001 18 %0068 8 |oueyIBINAeg
002 “'[e 18 UsAnBN ‘0002 “'[e 18 Buoy |jousbng Jw/BM 001 1 %00°E6 gl Joueye|N/BimL BUIO SiuBW NAeyy oesoeine] BISSBO WnwoweuuiD)
|J0A101pOLIS asuauls
7002 e 12 UsANBN  ‘uljoeln| ‘pIoe OlegeD jw/Br 001 Y %0628 1'g |oUBYIB|N/JoMOl ebung yaL 9B90EIalSY wnweyuesAiyd
uoniqiyul
(s)eouassyey  spunodwod aAnoy asepIxo aulyuey  (juy/61) 0Sg| pasn jJuanjog/1ied aweu |e20] Apweg Qweu o1J1jual0s

penujuoD | | 31aVL

March 2018 | Volume 9 | Article 261

Frontiers in Pharmacology | www.frontiersin.org


https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles

Anti-gout of Malaysian Medicinal Plants

Abu Bakar et al.

(penunuoQ)
€102 “[e 10 BUWNA VN Iw/BT 001 ¥ %0v’ Le VN joueyg/dind emel wesy sesdeqe BOJpUI SnpuLiewe|
90T “e 1 s VN |w/Bw 01 18 %0008 VN ajejooe |AYi3/Hnid qrefe yeng eesoejodes  WNoYOINP WnjedesuAs
£102 “'[e 10 eusBINZPE |oJojdwsey jw/Br 001 18 %00° L. VN |ouBYIB|N/SONES Buebbusjen) oesoege BlEjE BUUSS
lw/B7 00}t 18 %38'ZL loueye/sjpad yiniy sdiy
Iw/B1 001 ¥e %882 joueyyg/sding
20z "B 1o lwzy VN Jw/BT 001 18 %9961 VN |ouey13/senesn Mees 9e890E08IY BOJE[EZ BOOEES
7102 “[e 1o Buop VN Iw/BT 001 18 %EeSGL VN [OUBLISN/PEOS Buwiep yeng 9Ba0RIYIAT] wnjeuelb eojund
SUIUUE}
|10z ‘UleH-0001yolyD pue eAedy  ‘oljousyd ‘splouone|{ jw/Br 001 18 %0068 VN |ouBYIB|N/SONES Jised Buejpr)  ses0BOEINUOY ©80LJOJ0 BOBINLOH
1 10g ‘UleH-0001yoIyD pue eAedy VN w6 001 18 %9L'eS VN |ouBYIo|N/Sones WelIN MoMod sesoE|WE ulqed uowe}sobod
wnq
7102 “Hed pue a|iN VN Iw/Bv 001 18 %0159 S [OUBUIBIN/S100Y eXE[80 ‘yind exee)  sesdeuIBeqIN|d vojuE|foz obequinid
Iw/Bv 001 18 %99°'¢ |oueyig/xipey sopuss
€102 e 10 BUWNA VN Iw/BT 001 18 %0/ L2 VN |oueyig/winijo unep ‘Bulfue 1oy eesdeUIBEIUE|d Jofew obejueld
|00INBYOAXOIPAY
6002 “[e 10 eleIniy €' L-IAlle- VN L9k |oueyi3/senesn yalis eeaoesadid ojeq 1odid
L L0Z “[e 1o lluelsng VN Iw/BM 00Z 18 %095 ¥°00€ Jare/iniS SiuBW uejuir oesoeldy winsiue ejpuldld
6002 “'[e 18 Usyxeqyooy SPIOUOAE| Jw/Br 00g ¥e %0092 00e< Jayep/HnI4 siounq Bueoeyy seaoeulided suebinA snjoeseyd
2102 “'[e 10 ezped ueeyd jw/Br 001 Y& %Ee8ve VN |ouBYIBN/SONes eMap BIOHUE|N  ©BOOBSEeWAY L ed/eo0oBW BlLBRYd
S0z Iw/BT 001 18 %e9'8z |oUByI|N/S8Nes
eUI3-pay pue uewyed-|3 ‘7 L0g e 1o eeuelns)y VN w6 0oL 1B %/G°28 VN |ouByl3/senes] dns uneq aeaoe|dy windsuo wnuyesoied
Iw/Bv 001 18 %092 VN |oueyie|N/Hed [eley
9102 “[e 18 IUBUPUSH ‘¥00Z “'[e 10 USANBN VN Iw/BT 001 18 %6589 26 |oueyi3/senes Burony resin SBOOBIWET  SNOUIWEIS UOYAISOYHO
PIOE Olayed ‘uljoeln| /670G ¥e %00°09 [44 |OUBL}T/S0nES ™
1102 “[e 18 Bllwel4:G L0z ‘Pay pue emezzy-ly  ‘ulusbide ‘uiedoinsio Iw/Bw 05z ¥e %00°08 000207 L1 Jerepy/senes uniez 9e90Ed|0 2oBdo.Ins B9J0
weke
1ye} npnyBusw/ueiny
7102 e 1o [ewer VN Iw/BT 001 18 %E6'88 VN |OUBYIS|N/S8NES npnyjBus|iy sesoelqny voydlje epuLIop
Juou/Jeseq
npnyBusw,/ueuel
6002 “[e 1e Nked VN lw/Bw |0 ¥e %0079 VN |oueyieiN/AINIS npnyBusiy sesoelgqny BlOJ1NO BPULIOY
OPISOOAIB ‘SULIBLUNOO Iw/BT 001 18 %00°SY [ouBYIBN/PeeS
7102 “'[e 10 88UBINS|Y {0002 "€ 10 Buoy] ‘Uluuey ‘plouonelq Iw/B7 001 18 %0596 VN Joueyian/dind Bled  8esodeyqinony BljuR/eyd BOJDJOWON
Jw/BT 001 18 %0559 1'2S |oueyieN/Hed feusy
| 10Z ‘UleH-0001yoIyn pue eAedy ‘00z “[e 18 UsAnBN  oljousyd ‘splouone|q jw/Br 0oL 18 %9229 VN |oUBYIO|N/SoNES newes esesoulwnbe eoipnd BSOWip
|oUBYISIN/AINY
002 “'[e 10 UsAnBN VN jw/Br 001 18 %0979 19/ pue welg yind nAey| ‘wiejen oea0RUAN  BIpUSPEONS] BONS[EIBI
jw/BM 00k ¥e %18 LL |oueyi3/spees
Iw/BT 001 18 %E0" LY |oueyi3/sieed
uoniqiyul
(s)eouaieyey  spunodwod annoy asepixo aulyuey  (juy/B1) 0So| pasn jJuanjos/1ied aweu |[eo0] Apweg Qweu o1uUdINS

penujuoD | | 319VL

March 2018 | Volume 9 | Article 261

Frontiers in Pharmacology | www.frontiersin.org


https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles

Abu Bakar et al.

Anti-gout of Malaysian Medicinal Plants

<
-
o
3¢
X
<
s}
a
°
C
&
2
z
— S
o o
N N
c c
= =
(0] (0]
T T
Q Q
< o o
) Q ke]
o < o <
3¢ ] S ©
- - < 8 =t
% = O : (@)
e s 2 s 2
S c @ % I
4 [} © ®©
2 S g 2 g
7} [+ Q S o
[ P < X <
& -
8 ke, g
c e} 2
F] =N o
o Q3 [0}
o o .= =
£ s 9 e
5 23 q )
o g © D o
° S g2 [
> Sc 8 5
=1 T £ O >
Q = 5= ©
< <o [t
EE E E E
o < < = < <
b > O > > >
F4 ER=1 ES = ES
T o o o o o
% S O S S =}
3 - - - -
P = = =
gg T © © S ©
== R R X X X
=5 o O o o I3
€ = @ © = Q <
T <t ™ [ o
X £ | I N ® b ©
=
£
<
=3
2
=
Q [eo]
3 ©
9] < S <
Q ®»  Z 2
°
o _ —
g _ o _ [<}
- 2 © & S &
S S 3§ £ s £
2 = ] < D
S g2 = e =
[%2] ESE @ = D
S o= 9 IS [}
= S 8 E 3 &
< 2 08 g 2 ot
o JC® o %) 4
L
It
3
£ P 5§ =
] @ £ 2
c - = 3 =
= g T £ 3
S £ 9] 5 o
o g ® 9] 5]
o | = o = |
©
3
Q ©
© ot 2
S S s 8
s (0] @ D
> o [o} < Q
= = @D 3 ©
£ 3 S o} IS
< = jos It
w a = < a
°
o]
2 2 .
= ) (o) < g
B g 8 2
o 8 § 5 £ 3
- | £ 3 2 g <
3
-8 © o 29 S
w - [} Qo = 3 O
- c Q F L ¢ <
o 2 Y S S E 3
< Q @ S S a £
F o 2 = (SIS

70.00% tannins, terpenoids

Roots/Methanol
Flos/Ethanol

Yumita et al., 2013

Flavonoids
NA

55.33% at 100 pg/ml

NA

NA

Seduayah

Lythraceae

Woodfordia floribunda
Zingiber officinale

Alsultanee et al., 2014

10.5 pM of
6-gingerol

value
NA

Rhizome/Methanol

Halia

Zingiberaceae

Nile and Park, 2014

81.56% at 100 pg/ml
87.97% at 250 mg/ml

Rhizome/Water

Al-Azzawie and Abd, 2015

99,370

ICs0 value is based on the type of solvent used in the extraction.

NA

data is not available.

Cucurbitaceae, Fabaceae, Lamiaceae, and Zingiberaceae families
have been studied extensively. Momordica charantia, from the
Cucurbitaceae, had the highest in percentage of xanthine oxidase
inhibitory activity of 96.5% at 100 p.g/mL using 70% methanol
extract (Alsultanee et al., 2014); the total phenolic content of
this plant was 80.83 £ 0.30mg gallic acid equivalent/100g.
Further phenolic compound analysis revealed the presence of
phenolic compounds, including tannin, coumarin, flavonoid, and
glycoside; among these, coumarine had the strongest inhibitory
activity (97.29 %) against xanthine oxidase (Alsultanee et al.,
2014). Other studies have suggested that this activity is due
to the presence of bioactive phenolic compounds, such as
polyphenols, tocopherols, and alkaloids, in the pulp of the plant
(Tan et al., 2008). However, other plants in this family, such as
Cucurbita pepo and Citrullus colocynthis, have lower xanthine
oxidase inhibition values of 27.33% at 100 jg/mL and 14.40% at
200 pg/mL, respectively (Bustanji et al., 2011; Alsultanee et al.,
2014).

In the Zingiberaceae family, Kaempferia galanga had the
highest xanthine oxidase inhibitory activity at 100 pug/mL
(90.6%), followed by Zingiber officinale (81.56%), Alpinia galanga
(57.99%), and Curcuma longa (28.31%) (Nguyen et al., 2004;
Yumita et al., 2013; Alsultanee et al, 2014). Yumita et al.
(2013) also studied K. galanga but the results were in contrast
to other studies (28.86%). These contrary results could be due
to the different localities (Vietnam and Indonesia), although
both studies employed similar drying methods. Moderate total
phenolic content was found in Z. officinale, with a value of 62.18
=+ 0.65 mg gallic acid equivalent/100 g (Alsultanee et al., 2014).

Plants from the Asteraceae family include Artemisia
vulgaris, Blumea balsamifera, Chrysanthemum indicum, and
Chrysanthemum sinense, of which C. indicum exhibited 95%
xanthine oxidase inhibitory activity at 100 jLg/mL. The isolated
flavonoid compounds from the flower of C. indicum, namely
luteolin and apigenin, may act as xanthine oxidase inhibitors
(Kong et al., 2000). Moreover, C. sinense also had higher xanthine
oxidase inhibitory activity (82.90%) at 100 pg/mL with an ICsg
value of 5.1 pg/mL (Nguyen et al., 2004). Further isolation of
the active compounds from the flower of C. sinense led to the
identification of caffeic acid, luteolin, eriodictyol, and 1,5-di-
O-caffeoylquinic acid, which, among them, luteolin displayed
more potent inhibitory activity compared to the positive control
allopurinol, with ICsy values of 1.3 and 2.5uM, respectively
(Nguyen et al., 2004). A. vulgaris also exhibited higher xanthine
oxidase inhibitory activity of 89.30% at 100 g/mL (Nguyen
et al., 2004).

Method of extraction is considered an important factor
that affects xanthine oxidase inhibitory activity. The type of
solvents used also contributes to differences in compounds
extracted from the plants. El-Rahman and Abd-Elhak (2015) and
Alsultanee et al. (2014) reported similar results on the ethanol
and methanol extracts of Petroselinum crispum, with inhibition
values of 82.57 and 28.63%, respectively. In contrast, Alsultanee
et al. (2014) and Al-Azzawie and Abd (2015) reported that
both the methanol and aqueous extracts of Z. officinale had
similar xanthine oxidase inhibition percentages, with values of
81.56% and 87.97%, respectively. In addition, Azmi et al. (2012)
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reported that both methanol and ethanol had a higher capacity
to extract xanthine oxidase inhibitors from all parts of plants;
25% of all plant extracts showed more than 50% inhibition using
these two solvents compared to distilled water with only 20%
of all plant extracts showing more than 50% xanthine oxidase
inhibitory activity. In another study, methanol extract was found
to be more active than hydroalcoholic and aqueous extracts
(Nguyen et al., 2004; Umamaheswari et al., 2007). Even though
methanol and ethanol extracts have higher rates of xanthine
oxidase inhibitory activity, safety is the main concern of the
pharmaceutical industry. Alcohol is a nervous system depressant
that impairs the transmission of nerve signals, ultimately leading
to respiratory suppression (Bailey and Bailey, 2000). Methanol is
a highly poisonous solvent that can upset the acid-base balance of
body (Azmi et al., 2012). Therefore, identifying a less toxic solvent
is important.

Based on results of xanthine oxidase inhibitory activity
analysis, the following plants showed more than 85% activity
at 100 wg/mL: M. charantia (96.50%), C. indicum (95.00%),
Cinnamomum cassia (93.00%), K. galanga (90.60%), A. vulgaris
(89.30%), and Morinda elliptica (88.93%) (Kong et al., 2000;
Nguyen et al., 2004; Alsultanee et al., 2014; Jamal et al., 2014).
Of the other studied plants, three exhibited at least 80% activity,
including C. sinense (82.90%), Z. officinale (81.56%), and B.
balsamifera (80.90%) (Nguyen et al., 2004; Alsultanee et al.,
2014; Jamal et al., 2014) at 100 wg/mL, while Olea europaea and
Synsepalum dulcificum exhibited 80.00% activity at 250 mg/mL
and 10 mg/mL, respectively (Al-Azzawie and Abd, 2015; Shi et al.,
2016). ICsq values, the concentration at which half the xanthine
oxidase activity is inhibited, were determined in a few studies. In
this study, the lowest IC5( value was 0.111 jug/mL, indicating that
B. balsamifera extract inhibited 50% of xanthine oxidase activity
(Nessa et al., 2010).

A few studies further analyzed and isolated the bioactive
compounds present in plants that exerted the highest xanthine
oxidase inhibitory activity, allowing them to act as xanthine
oxidase inhibitors by blocking the biosynthesis of uric acid
from purine in the body (Unno et al, 2004). Please see the
following examples: cardiac glycosides (Apaya and Chichioco-
Hern, 2011), flavonoids (Nguyen et al., 2004; Roohbakhsh
et al, 2009; Umamaheswari et al, 2009; Nessa et al., 2010;
Apaya and Chichioco-Hern, 2011; Yumita et al, 2013),
phenolics (Umamaheswari et al., 2009; Apaya and Chichioco-
Hern, 2011; Sowndhararajan et al, 2012; Alsultanee et al,
2014; Al-Azzawie and Abd, 2015), anthocyanins (Al-Azzawie
and Abd, 2015), tannins (Apaya and Chichioco-Hern, 2011),
alkaloids (Apaya and Chichioco-Hern, 2011), proanthocyanidin
A2 (Sheu et al, 2016), acetonylgeraniin A (Sheu et al,
2016), phalerin (Fariza et al., 2012), 4-allyl-1,3- hydroxychavicol
(Murata et al., 2009), kaempferol (Fadzureena et al., 2013),
terpenoids Apaya and Chichioco-Hern, 2011, luteolin (Kong
et al., 2000; Nguyen et al, 2004; Flemmig et al, 2011),
apigenin (Kong et al, 2000; Flemmig et al, 2011), caffeic
acid (Nguyen et al., 2004; Flemmig et al., 2011), eriodictyol
(Nguyen et al, 2004), oleuropein (Flemmig et al, 2011),
luteolin-7-O-d-glucoside (Flemmig et al., 2011), and scopoletin
(Ding et al., 2005). Until now, these bioactive compounds

have not been further analyzed or developed into anti-gout
medications.

Hyperuricemia has been modeled in pre-clinical studies
by blocking uricase enzyme with potassium oxonate
(Umamaheswari et al., 2007; Haidari et al., 2008). Administration
of potassium oxonate (250 mg/kg) results in marked increases
in serum uric acid level in rats (Shi et al., 2016). Several in
vivo studies have demonstrated a reduction of serum uric acid
levels in hyperuricemic rats. For example, administration of
aqueous and alcoholic extracts of Phyllanthus emblica (200
and 400 mg/kg) reduced serum uric acid and xanthine oxidase
enzyme levels in hyperuricemic rats while allopurinol was more
potent in inhibiting xanthine oxidase enzyme (Sarvaiya et al.,
2015). Similar results have also been reported by El-Rahman
and Abd-Elhak (2015) for Allium ampeloprasum, Apium
graveolens, and P. crispum using albino rats, where both extracts
significantly reduced serum uric acid and lipid peroxidation
and increased antioxidant enzyme activity levels at a dose of
5 g/kg. Phytochemical screening of the extracts also revealed
their major constituents, which include phenolic (polyphenols,
tocopherols, and alkaloids), flavonoids, and saponins that may
act as xanthine oxidase inhibitors (Fejes et al., 2000; Zhou and
Yu, 2006; Sreeramulu and Raghunath, 2010).

Some of the active compounds were isolated from the
medicinal plants for investigating the underlying mechanisms
of hypouricemic actions in rat model. Zeng et al. (2017)
studied the bioavailability of scopoletin or 6-methoxy-7-
hydroxycoumarin, a major active coumarin isolated from the
stems of Erycibe obtusifolia and its hypouricemic effects in
vivo. In this study, they encapsulated scopoletin into Soluplus
micelles (Soluplus-based scopoletin micelles, Sco-Ms) in order to
improve its oral bioavailability. To study the pharmacokinetics
and biodistribution in vivo, the rats were orally administered
with scopoletin suspension, physical mixtures of scopoletin
and Soluplus (Sco-PM) and Sco-Ms at dose of 100 mg/kg
scopoletin. At predetermined time intervals (2, 5, 10, 15, 20,
30, 45, 60, 90, and 120 min), the blood samples were collected
for determining the plasma concentrations of scopoletin. Sco-
Ms showed significantly higher maximum plasma concentration,
Cmax of 14,674.796 £ 2,997.147 pg/L than scopoletin and Sco-
PM at 10 min. Orally administered Sco-Ms was rapidly absorbed
than Sco-PM and scopoletin, with a time to reach maximum
plasma concentration, fpa of 0.167h while the time taken
for plasma concentration of Sco-Ms to reduce by 50% of its
initial value, t;/, was 0.468h. Sco-Ms showed CL value (ability
to clear drug from the bloodstream which usually by hepatic
metabolism or renal excretion) of 28.703 & 3.482L.h~lkg!.
Interestingly, Sco-Ms was found to have higher scopoletin
concentration in liver than the scopoletin suspension which
would be importance for the inhibition of hepatic xanthine
oxidase activity. The hepatic and serum xanthine oxidase activity
of hyperuricemic rats were investigated in order to determine
the possible mechanism of the anti-hyperuricemic effect of Sco-
MS. Based on the result obtained, the oral administration of
Sco-Ms at dose of 300 mg/kg reduced the serum uric acid
concentration to the normal level. In addition, Zhang et al. (2016)
studied the biodistribution and hypouricemic efficacy of morin
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(3,5,7,2 4'-pentahydroxyflavone), a yellow pigment present in
the plants from the Moraceae family. In this study, they tested a
novel self-nanoemulsifying drug delivery system based on morin-
phospholipid complex (MPC-SNEDDS) in vivo which improved
the oral bioavailability of morin. After the administration of
morin suspension, the concentration of morin in liver was
markedly higher than other tissues (e.g., heart, spleen, lung, and
kidney) at 0.5, 1, and 4 h. Moreover, the morin concentration in
the liver at 0.5h after orally administered with MPC-SNEDDS
(1,096 g/mg) was three-fold higher than morin suspension
(252 png/mg) and thus, MPC-SNEDDS possessed more potent
inhibitory effect on hepatic xanthine oxidase activity than morin.
As expected, MPC-SNEDDS reduced serum uric acid level of
hyperuricemic rats (145 pmol/l) to normal (45 pmol/l) at 6h
after oral administration. Hence, the hypouricemic effect of the
active compounds (e.g., morin and scopoletin) may therefore
be explained, at least in part, by a lowering of xanthine oxidase
activity in rat liver.

Another possible mechanism to reduce plasma uric acid
concentration is to inhibit the reabsorption of urate in renal
tissue. In some studies, the mRNA and protein expression
levels of the transporters responsible for urate reabsorption
are examined in order to explore the underlying molecular
mechanisms of uricosuric effects of active compounds or
medicinal plants. For instance, mangiferin, an isolated
compound from the leaves of Mangifera indica significantly
decreased the mRNA and protein levels of URAT1 and GLUT9
in kidney of hyperuricemic rats, suggesting that it possessed
the uricosuric action, which was associated to inhibiting
reabsorption of urate (Yang et al, 2015). In other study,
Dimocarpus longan Lour seed decreased GLUTY9 protein
level from the liver of the rat model (Hou et al., 2012). The
ethanol extract of Ramulus mori, the branch of Morus alba
possessed the uricosuric effects in hyperuricemic mice by
down-regulating renal mURAT1 and mGLUT9 expression and
up-regulating renal mOAT1 expression, which contributed to
the enhancement of urate excretion and reduction of serum urate
level as well as improved renal dysfunction in hyperuricemic
rats by up-regulating renal expression of mOCT1, mOCT?2,
mOCTN1, and mOCTN2 (Shi et al,, 2012). In cell culture
model, stably hURAT1 transfected human epithelial kidney
cell line was used by Zhang et al. (2017) to evaluate the ability
of tigogenin (active metabolites of dioscin) in inhibiting *C-
uric acid uptake via hURAT1 and the result showed that this
compound possessed significant inhibitory effect from 10
to 100 LM with a concentration-dependent manner and the
uric acid permeability was significantly reduced to 60% at
100 wM.

The results of standard in vitro screening assays provided
useful information to guide the next stage of investigation such
as testing the plant extract in rodents. Administration of ethyl
acetate fraction from a butanol extract of S. dulcificum resulted
in 80% of xanthine oxidase inhibitory activity at 10 mg/mL;
the effects of butanol extract from this fruit was similar to
the results of an in vivo study using allopurinol (Shi et al,
2016). Al-Azzawie and Abd (2015) showed that the Z. officinale
extract had the highest xanthine oxidase inhibition in vitro

(87.97%) at 250 mg/mL; at both doses (100 and 250 mg/kg),
ginger extract significantly reduced mean serum uric acid
levels and inhibited xanthine oxidase activity in hyperuricemia
rats.

Some studies have shown that different parts of the same
plants can contribute differently to effects on uric acid levels.
For example, methanol extracted from the D. longan flowers had
a greater effect on lowering uric acid compared to the seeds
due to the 10 phytochemicals in the flowers. Further analysis
revealed that proanthocyanidin A2 and acetonylgeraniin have
higher inhibitory activity against xanthine oxidase compared to
allopurinol (Sheu et al., 2016). In addition, the ethanol extract
from Hibiscus sabdariffa calyx, as well as ethyl acetate and water
fractions, reduced uric acid levels in male Sprague-Dawley rats
and Wistar rats, where the ethyl acetate fraction at a dose of
6.25 mg/kg demonstrated the best effect on uricosuric compared
to water fraction and ethanol. Phytochemical screening of the
ethanol extract of this plant also revealed the presence of
flavonoid, saponin, polyphenol, and quinone (Wahyuningsih
et al., 2016b). Monosodium urate crystal-induced inflammation
in mice or rats is commonly used to study the anti-gout
effect of plant extracts (Sabina and Rasool, 2008). Oral
administration of triphala significantly reduced paw diameter
at a dose of 1 g/kg body weight (Sabina and Rasool, 2008).
Extracts from the M. indica leaf also significantly reduced
ankle swelling in monosodium urate crystal-induced gout
arthritis at a dose of 200 mg/kg across 8h (Jiang et al,
2012).

In this study, we evaluated whether the doses used in in
vitro and in vivo studies are physiologically relevant. In one
study, administration of 250 mg/mL of Z. officinale extract
resulted in high levels of xanthine oxidase inhibiton (87.97%)
in vitro, while 250 mg/kg exhibited 57.14% of xanthine oxidase
inhibition and significantly reduced serum uric acid levels (Al-
Azzawie and Abd, 2015). In another study, S. dulcificum extract
administration suppressed xanthine oxidase activity in MSU-
treated RAW264.7 macrophages at 500 pg/mL, while a 1000
mg/kg dose in vivo reduced uric acid levels in rats (Shi et al.,
2016). Methanol extracts from Phyllanthus niruri resulted in
67.66% inhibition at 100 pg/mL in an in vitro study and caused
significant inhibition (76.84%) of xanthine oxidase activity at
a 50 mg/kg dose in vivo (Murugaiyah and Chan, 2009). The
results from these studies were very similar results in inhibiting
xanthine oxidase activity, suggesting that the doses used were
physiologically relevant.

Allopurinol, common drug used for gout patients, is approved
by the US FDA for doses up to 800 mg/day for the treatment
of hyperuricemia and gout (Chao and Terkeltaub, 2009). One
study reported that gout patients attained target serum uric
acid levels of <360 mmol/L at 300 mg/day of allopurinol,
and that this dose was increased up to 600 mg/day in some
patients; favorable results were observed as the dose increased
and it was well tolerated, such that the therapeutic goal
was achieved in 92.5% of patients. These doses are therefore
well tolerated in those with well-preserved renal function
(RadakPerovi¢ and Zlatkovi¢Svenda, 2013). However, febuxostat,
a non-purine selective xanthine oxidase inhibitor, at a daily dose
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of 80mg or 120mg was reported to be more effective than
allopurinol (300 mg) in lowering serum urate levels (Becker et al.,
2005).

Many plants used in in vivo studies, including Peperomia
pellucida, Mangifera indica, Jatropha curcas, Epiphyllum
oxypetalum, Zingiber zerumbet, Emblica officinalis, and Piper
nigrum, have exhibited anti-inflammatory activities (Mujumdar
and Misar, 2004; Mutee et al., 2010; Sabina et al., 2011; Somchit
et al.,, 2012; Dandekar et al., 2015). In addition, zerombone,
which is found in the rhizome of Zingiber zerumbet, may act
as an anti-inflammatory agent similar to non-steroidal anti-
inflammatory drugs (Somchit et al., 2012). It has been proposed
that phenolic compounds, such as anthocyanins and quercetin,
which are found abundantly in certain plants, can inhibit
xanthine oxidase activity, as they are structurally related to
xanthine (Mo et al., 2007). Additional studies must be conducted
on the possible mechanisms of the anti-gout activity of these
medicinal plants.

In addition, there are also human clinical trials performed
in gout using plant based drugs. For instance, Prasongwatana
et al. (2008) investigated the effects of roselle (H. sabdariffa)
on urinary excretions of uric acid in human models with and
without renal-stone history where they found the mean levels of
uric acid clearance, uric acid excretion and fractional excretion
of uric acid increased significantly after consuming H. sabdariffa
tea and then decreased to baseline level (control) at the end
of the washout period in both groups, suggesting its uricosuric
effect provides a long-term benefit of hyperuricemia in gouty
subjects. However, the chemical constituents responsible for
the anti-gout effects in this plant yet to be fully elucidated.
Furthermore, the same trend of results were observed in
Orthosiphon stamineus tea where the consumption of this
tea caused an increasing of uric acid excretion (Premgamone
et al, 2001). It is well understood that the increase of
uric acid excretion may result in urolithiasis (development
of stones in the kidney due to supersaturation of the urine
with stone-forming salts). As reviewed by Butterweck and
Khan (2009), they gathered the information of few plants
that have been studied for the management of urolithiasis
such as H. sabdariffa, P. niruri, O. stamineus, Andrographis
paniculata, Sambucus nigra, Solidago virgaurea, and Dolichos
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