2019, Scienceline Publication
World® Veterinary Journal f b
World Vet J 9(4): 302-310, Decembe®5, 2019 ISSN 23224568

DOI: https://dxdoi.org/10.36380/scil.2019.wvj38

Activity of Aloe verga Apium graveolensand Sauropus
androgynus Alcoholic Extracts against Methicillin i
ResistantStaphylococcus aureus

Yos Adi Prakosd" 2 Kurniasih®, Agustina Dwi Wijayanti * and Yuli Purwandari Kristianingrum 3

"Doctoral Program in Veterinary Science, Faculty of Veterinary Medicine, University of Gadjah Madak#dg, 55281, Indonesia
2Faculty of Veterinary Medicine, University of Wijaya Kusuma Surabaya, East Java, 60225, Indonesia

SDepartment of Pathology, Faculty of Veterinary Medicine, University of Gadjah Mada, Yogyakarta, 55281, Indonesia
“‘Department oPharmacology, Faculty of Veterinary Medicine, University of Gadjah Mada, Yogyakarta, 55281, Indonesia

*Corresponding aut hordéds En :000000247878692 h _ 1951 @yahoo. co.id

ABSTRACT § P %
Staphyococcus aureuss a Grarmpositive bacteria that influence human heaStaphylococcus aurelmcomes a -5 ‘;5 ®
more serious problem if it is resistant to methicillin. This phenomenon is known as methisiitant g o =
Staphylococcus aurey#RSA). This study aime to elucidate the chemical compounds, antioxidant activity = © llz
efficacy of Aloe vera(AV), Apium graveolengAG), Sauropus androgynugSA) extracts and its combinatior o = >
against MRSA.All the herbs were extracted and determined its antioxidant constiareht2,2diphenytl- 3 2 By
picrylhydrazyl (DPPH) scavenging activity using a standard laboratory procedure. The MRSA isolates wer =5 =
against AV, AG, SA extracts and its combinations using disc diffusion and minimum inhibitory concentration © © O
test.Furtherexploration was conducted using scanning electron microscope (SEM) to analyse the MRSA me |-'_|—]

after the treatment with 10,000x of magnificatidhe data was analysed using amey ANOVA and post hoc tesi
The result showed that AG extract has the hsgipliytochemical screening and antimicrobial effects compare
the other single extract (AV and SA), even though, it has the lowest DPPH scavenging activity. The
combinations did not consistently increase phytochemical content, antimicrobiet, effel DPPH scavengin
activity of the herb extracts. However, one mg/mL of dose of herbal extnagdtdés combinations could be used
the minimum dose to inhibit colonisation of MRS vitro. Further, SEM examination showed that 1 mg/mL
dose destrctedthe MRSA membrane rigidity which was proved by amiformity of bacterial cell architecture
This in vitro study indicated that AV, AG and SA extracts and its combinations can utilize as the therapy
MRSA.

Key words: Aloe vera Antioxidant, Apium graveolensMethicillin T ResistantStaphylococcus aurepuSauropus
androgynus

INTRODUCTION

Staphylococcus aureus a Grarpositive bacteria that succeed folofilms that can be isolated from various wound
types Fadeev and Nemtseva, 2008. aureudecomes more dangerous if it is resistant against commercial antibiotics
including methicillin. This phenomenon is idergd as methicillirresistantStaphylococus aureugfMRSA) (Carroll,
2008. Moreover, these bacteria contain several virulence factors such as -Wafgotine leukocidin (PVL),
staphylococcal proteid (sp-A) , denblysid (HLA) @li et al., 2018, that support its pathogenicity during the
infection Otto, 2010 including puulent mass in the jointB@bazadeh et al., 20L5The MRSA infection commonly
occursin the patients and hospital workers, and it is known as hosggitgired MRSA (HAMRSA) (Durai et al.,
2010. HA-MRSA causes high medication cost, chronic infectiod daath. The treatment of MRSA infection must
follow the medical guideline and as much as possible to minimise the utilisation of antibiotics. The herbal medication is
expected to support the therapy of MRSA in both decreases the medication cost and fivernealing.

Aloe vera(AV), Apium graveolengAG), andSauropus androgyny$A) arethe common herbs that can be found
in a tropical area. Those herbs have badisedfor a longdecade because of its pluripotential activity on human health.
AV is the most commercialised herbs in dermatological industries worldwidgentman, 2008 The inner gel of AV
stimulates the reticuloendothelial cellBa(madge et al.2004 and healingRrakoso and Kurniasih, 208 urther, the
AV extract is potential to enhaadhe absorption of drug via intestinal viti vitro (Haasbroek et al2019. It has been
utilised as the antibacterial agents agaiS&iphylococcus aureuand Pseudomonas aerugingsand its activity
significantly increases when it combined with ckéno and silver nanoparticléShabala et al2017).

In addition, AG is widely used as antioxidative agents. The previous study describes that AG has publieshed
980-articles from 19972015 Kooti and Daraei, 2007 It proves that AG is potential an herbal remedy. The
antioxidants insides the A@re utilised as the antiparasit&Kgmar et al.,2014, antitumour Danciu et al.2018 and
antibacterial agentsPpwanda et al.2015. The other herb is SAvhich contains several active constituents such as
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glycoside, flavonoid, and alkaloid that potential as the antitoxic and antioxideatiiu et al.2015. The utilisation of

SA was reported to decrease the risk of aflatoxicosis and bacterial infétiom ét al.2018. Nevertheless, the potency

of those extracts on the MRSA has not been explored by the previous study, therefore this study aimed to explore the
chemical constituent, antioxidant activity, and the potency of AV, AG, and SA extracts and its combination against the
MRSA.

MATERIALS AND METH ODS

The types of herbs

All the herbs were collected from the herbal store in Batu, Malang, East Java, Indonesia. The herbal species were
then determinely Plant Conservation Center, Botanical Garden of Purwodadi, Indonesian Institute of Sciences with th
voucher number: 0276278/ IPH.06/HM/11/2019.

Extraction

This study was conductdzetweenFebruaryMay 2019 in the Integrated Laboratory, Faculty of Health, University
of Muhammadiyah Sidoarjo, East Java, Indonesia. All the herbs were dried usirgl aeetihods. The dried herb was
then mashed up using the electric blender. The herbal powders were weighed and soaked using 70% alcohol in 1:4 of
proportion. The maceration was conducted and filtered three times, and the filtrate was then evaporatesposatgre
(Prakoso and Kurniasih, 20118

Experimental design

Following the extraction, the herbal extracts were mixed (1:1) as foRMyYAG, SA, AV + AG, AV + SA, AG +
SA, and AV + AG + SA. Each extract was then tested its chemical constituent usiitgtiggaand quantitative
methods and its radical scavenging activity as described below.

Qualitative and quantitative phytochemical screening

Each extract was tested for several components such as alkaloid, flavonoid, saponin, steroid, triterpealdid, phen
glycoside, carotenoid, and tannin. The extracts active ingredients were analysed using qualitative following the standard
laboratory procedure as followP akoso et al2018. The alkaloid was screened using Mayer, Wagner, and Dragendorf
test; flavanoid by the reaction of magnesium, hydrogen chloride, and ethanol; saponin by the appearance of foam; steroid
by LibermanrBurchard; triterpenoid by chloroform and sulphuric acid; phenolic by 10% natrium chloride and 1%
gelatin; glycoside by Borntrager'sethods; carotenoid by chloroform and 85% sulphuric acid; and tannin using 1%
ferric chloride.The quantitative phytochemical of the herbal extracts were conducted using the procedure demonstrated
in 2017 by Ajuru et al.,2017).

2, 2diphenyl-1-picrylhydra zyl radical scavenging activity

The radical scavenging activity was measured using ultrawicditle (UV-Vis) spectrophotometer. UVis
method has utilized the scavenging of Zjighenyt1-picrylhydrazyl (DPPH). Seven hundred and fifty uL of herbal
extracts and 750 pL of standard antioxidant were weighed and diluted usiifgltvaf methanolic DPPH solution. The
solution was then mixed in room temperature. The absorbance value was measured at 517 nm, and the results were
expressed as 36 Lower SGoindicated high radical scavenging activifjkar et al.,2017).

Methicillin resistant Staphylococcus aureuisolate

The MRSA isolate was obtained from the Dept. Microbiology, Faculty of Medicine, University of Airlangga,
Surabaya, East Java, Indonesia vathithentication number: 53/UN3.1.1/MK/LL/2019. The isolation procedure was
conducted by clinical microbiology specialist and laboratory technician. The MRSA isolate was cultured on the blood
agar with 15 mg nalidixic and 10 mg colistin sulphate. The media tlven incubated in 37° C for 24 hours. The
colonies were tested following the protocol demonstrated in 2018isgikas and Scheneewind, 2018Bhe MRSA
confirmation was conducted using 30 ug cefoxitin tésthfkari et al.,2017).

Disc diffusion test

The antimicrobial susceptibility test was performed using the Kivéyer methods. The MRSA isolate was
cultured on the enrichment media for 6 hours until its turbidity showed a 0.5 McFarland standard. The suspension was
spread on the Muller Hinton AgaMHA). The blank disc was impregnated with AV, AG, SA, AV + AG, AV + SA, AG
+ SA, and AV + AG + SA extracts using several concentration as follow 0%, 10%, 20%, 30%, 40%, 50%, 60%, 70%,
80%, 90%, 100%. Each concentration was replicated six times. The wktesncubated for 3T for 24 hours. The
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results were reported as the diameter of inhibition and Percentage Inhibition of Diameter Growth (RIDG)uf
Aznita et al., 201

Minimum inhibitory concentration

Minimum Inhibitory ConcentratioffMIC) was conducted by the dilution of the extracts. One hundred pL stock
solution of the extract was added into welalf part of the extract was then moved to the other well until reaching zero
concentration. A total of 100 uL MRSA suspension was added and dowsirgy he lid. It was incubated at 3Zfor 24
hours. The absorbance of the suspension was measured using a spectrophotometer. The MIC was determined by the
minimal concentration that invisible the growing of bacteBiagsmann et al., 2010

Ultrastruc tural study

Following the MIC, the bacteria was centrifuged at 1500 rpm for 5 minutes. The supernatant was thrown away.
Two per cent of glutaraldehyde was added and incubated for 3 hours. The suspension was centrifuged and replaced by
2% tannin acid for Gours. Caccodylate buffer was added and followed by 1% osmium tetroxide. The dehydration was
conducted using graded alcohol. The bacteria was then coated with gold and carbon in sputter coater and the microscopy
was performed using JSM5000 Scanning Electticroscope (SEM) with 10,000x magnification. Figure analysis was
examined using image software to measure the diameter of bacteria after treatment using herbsZexinaetsa(.,
2015.

Analysis data

The data of qualitative phytochemical screeningravdescriptively analysed. However, the data of quantitative
phytochemical screening, DPPH radical scavenging activity, complete inhibition zone, PIDG and MIC were quantified
using oneway ANOVA and post hoc test withmobability value at level of €.05.

RESULTS

Qualitative and quantitative phytochemical screening

Based on the phytochemical screening, all the herbal extracts have a different chemical constituent. AG and SA
contained all of the measured chemical constituents, however, AV was nainednthe phenolic compound. The
qualitative screening showed that the mixture of the extract did not always increase the chemical constituents of the
herbs extractsT@ble ). As a single extract, the AV extract contains the highest alkaloid, saponitaramd level
compared to the others. On the other hands, AG extract contains the highest phenolic and flavonoid level compared to
the others. Based on the findings, the combination of AV + AG + SA increased the alkaloid, phenolic, and saponin level
of the extract. Furthermore, the mixture of the extract did not consistently increase the level of quantitative
phytochemical screening, especially for flavonoid and tannin contents. Those results were different from the qualitative
phytochemical screening. It mde caused by the detection limit of the qualitative screening and its standard error. The
guantitative phytochemical screening results were shovabie 2

Table 1.Qualitative phytochemical screening of the herbal extracts and its combinations.
Phytochemical compound

Paraneters
AV AG SA AV + AG AV + SA AG + SA AV + AG + SA

Alkaloid W ++ + ++ ++ ++ ++ ++
Alkaloid M ++ ++ ++ +++ +++ +++ +++
Alkaloid D +++ +++ ++ +++ +++ +++ +++
Carotenoid + + +++ ++ ++ +++ +++
Flavonoid +++ +++ ++ ++ ++ +++ F++
Glycoside + ++ +++ ++ ++ +++ F++
Phenolic - +++ +++ +++ ++ ++ +++
Saponin +++ ++ ++ +++ ++ +++ +++
Steroid +++ +++ +++ +++ +++ +++ +++
Tannin + + + + + ++ 4
Triterpenoid + + + + + ++ ++

AV = Aloe vera AG = Apium graveolensSA = Sauropus androgysuW = Wagner; M = Mayer; D = Dragendorf; + = low positive; ++ = moderate
positive; +++ = strong positive;= negative.
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2, 2diphenyl-1-picrylhydrazyl radical scavenging activity

As the stable free radical, the DPPH is commonly used as the parametasiorenthe herb's antioxidant activity.
The minimal concentration of antioxidant that causing 50% scavenging of DPPH was considered as the highly potent
antioxidant. It is mean that lower §®f antioxidant indicates high scavenging activity. This studyed that AV has
better SG, compared to SA and AG. The herb extract combination showed better DPPH scavenging activity compared
to its single extract type&igure ). The extracts antioxidant activity can be ranked as AV + AG + SA > AV + SA > AV
> AV + AG > SA > AG + SA > AG. As a single extract and combination, the AV has a consistent profile regarding the
DPPH scavenging activity

Table 2. Quantitative phytochemical screening of the herbal extracts and its combinations.
Phytochemical compouh(%) + standard of deviation (SD)

Parameters

AV AG SA AV + AG AV + SA AG+SA  AV+AG+SA
Alkaloid 18.73+1.49 1491+0.63 1369+052 20.76+053 2215+0.96 20.09+0.09 21.82+1.54
Flavonoid 9.24+0.89 10.35+0.87 6.89+043 803+0.18 7.46+052 10.01+0.17 10.12+0.93
Phenolic 0.52+0.5?% 23.07+258 1852+0.68 22.08+268 19.13+158 19.31+0.53 26.30+0.68
Saponin 367+058 240+048 099+0.14 350+048 236+048 321+0.78 3.68+0.44
Tannin 1.79+0.52 0.94+0.08 0.63+010F 210+0.0? 1.77+064 211+0.98 2.05+0.13

AV = Aloe vera AG = Apium graveolensSA = Sauropus androgynu&® The different superscript on the same row showed significantly different
value(P<0.05).

18 B SC50

AV+AG AV +SA AG+SA AV+AGH
SA

Figure 1. SGyvalue of herbal extracts and its combinations that causing 50%ighanyt1-picrylhydrazyl
scavengingAv: Aloe vera AG: Apium graveolensSA: Sauropus androgynus
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Inhibition zone and percentage inhibition of diaméer growth

This study showed that complete inhibition zone occurs on various concentration. The complete inhibition zone of
MRSA formedis categorised as susceptible, intermediate, and resistatiie Aowest DPPH scavenging activity, AG
has a better aittacterial activity that proved by its complete inhibition zone in an intermediate profile (14.84 mm) at
40% concentration tha similar to the AV+AG+SA extract combination. However, the other extracts and combinations
showed thtintermediate and susdige profile starts at 60% concentration. The potency of antimicrobial effects on the
disc diffusion method can be ranked as AV+AG+SA > AG+SA > AG > AV+AG > AV > AV+SA > Bdble 3.

Those effects were then analysed to determine its PIDG. The PIDG skowitat results to the disc diffusion
test. Furthenore the herb extract combinations showed a synergistic effect on the inhibition of MR&#o0. It is
proved by the high PIDG value of herb extract combination of AV + AG + SA compared to the Gthaleles § and
figure 2.

Minimum inhibitory concentration

The MIC was conducted using 60 mg/mL as the highesaghkzmainst MRSA. The absorbance value of MRSA
showed that all herbal extracts and its combinatemespotentially significant to inhibit théIRSA at one mg/mL of
dose (P#9.05). The greater effects were shown by all herbal extracts and its combinahigheat dosesThis study
proved that AV, AG, SA, and its combination synergically inhibit MR&Ay(re 3.
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Table 3.Complete inhibition zonengm) of herbal extracts and its combinations.

Concent Complete inhibition zone (mm) + standard of deviation (SD)
ration AV AG SA AV + AG AV + SA AG + SA AV+AG+SA
0% 6.00 = 0.00 6.00 = 0.08 6.00 = 0.08 6.00 + 0.00 6.00+0.00  6.00+0.08 6.00 + 0.08
10% 6.00 + 0.00 7.52 +0.4% 6.00 + 0.00 6.00 +0.00 6.00+0.00 7.53+0.28 8.18 +0.04
20% 6.10+0.00 10.16+0.14 6.00+0.00 6.40 £ 0.10 6.23+0.08 9.68+0.12 10.29+0.28
30% 8.37+0.4% 12.34+0.13 838+0.39 861+058 7.50+0.3% 11.21+0.06 12.30+0.09
40% 10.11+0.18 14.84+0.1% 1051+0.3%3 1024+0.034 9.21+0.08 13.27+0.29 14.31+0.18
50% 12.33+0.48 17.60+0.4% 12.10+0.17 12.88+0.0% 11.41+0.13 16.66+0.18 16.76 +0.08
60% 1427 +0.09 18.35+0.289 13.94+068 1455+008 13.26+028 18.31+0.19 18.24+0.05
70% 16.16 £+0.27 19.17+0.1%1 1664+0.19 1658+04% 1460+0.1% 2058+0.20 20.24 +0.17
80% 17.68+1.4% 2032+0406 17.33+0.18 18.95+0.08 16.71+0.18 2237+020 22.50+0.09
90% 20.10+0.08 2259+0.45 18.30+0.28 2045+0.10 1844+0.31 2435+0.37 24.71+0.0
100% 2237+02% 2447+0.32 2005+0.08 22.68+0.01 20.15+0.00 26.16+0.15 26.76+0.04
AV: Aloeverag AG: Apium graveolensSA: Sauropus androgynys" PThe different superscript on the same row showenifgigntly different value
(P<0.05).
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Figure 2. The effects of herbal extracts and its combinations on percentagghition of diameter growtlof the
methicillin resistanBtaphylococcus aureurs vitro. Av: Aloe vera AG: Apium graveolensSA: Sauropus androgynus
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Figure 3. The effects of herbal extracts and its combinations on therbéance value of methicillin resistant
Staphylococcus auressispensionav: Aloe vera AG: Apium graveolensSA: Sauropus androgynus
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Ultrastructure of methicillin -resistant Staphylococcus aureuseated with AV, AG, SA and its combination

Based on thelectron microscopy examination showed that MRSA has a cocci architecture and, it is similar to the
grape shape with wrinkled cell walls The control showed the uniform shape with average bacteria cells diameter of 0.38
um (Figure 4A. The different appearaa was shown by the other groups treated with extracts of AV, AG, SA, and a
combination of AV + AG + SA. Those extracts in one mg/mL of dose destrbeietdrial wall rigidity such as broke
membrane thickness. Furthermore, it promoted the shrinkage efibhcells that proved by the average bacterial cells
diameters of 0.23 um (AV), 0.18 pm (AG), 0.20 pm (SA), 0.17 um (AV + AG + FAYyre 4B andigure 4B. This
study represents that the AV, AG, SA and AV + AG + SA could be used as the new herbaieratticor candidate of
therapy of MRSA infection. However, the in vivo study may need to elucidate its other positive effects of those extracts.

Figure 4. Ultrastructure of methicillin resistanStaphylococcus aureusfter exposed to minimumnhibitory
concentration ofAloe vera, Apium graveolens, Sauropus androgyangAloe vera+ Apium graveolens Sauropus
androgynudor 24 hours. Methicillin resistar§taphylococcus aurewgithout treatment (A), treated with one mg/mL of
Aloe veraextract (B), Apium graveolengC), Sauropus androgynufD), and combination ofAloe vera+ Apium
graveolenst Sauropus androgynyg). JSM5000, SEM, 10,000x.

DISCUSSION

MRSA is one of the prominent pathogenic bacteria for human health. The MRSA causes devtoa with several
clinical signs such as pneumonia and seffianes, 201)) and purulent mass in the metatarsal joBal{azadeh et al.,
2015. Several studies described the treatment of this bacteria depends on the severity of the (Cfesioretal.,
2012. The drainage and incision on the skin abscess or cutaneous infection is the choice therapy to([blstdione
2007. It can be followed by daily cleansing and disinfectant to increase the chance of healing. The utilisation of
antibiotics shoud follow the medical guidelineAi et al., 2018, becausdailed therapy may cause multidrug resistant
(Dissemond, 2009 Recently, ae of the most popular treatments against bacterial infectimpusing bioactive natural
products.

A bioactive naturaproduct can be synthesised from all part of plants b¥dyg et al.2016. In the tropical area
including Indonesia, several herbs that are developed to produce bioactive natural product/Aoehvasa(AV),
Apium graveolengAG), and Sauropus androgws (SA). Those three herbs are utilised both traditionally and in a
modern way. The bioactive compound from those herbs can be collected by utilizing the extraction procedure such as
ethanolic, alcoholic, and aqueous extract{@asidharan et al2011). The extraction is expected to isolate several
bioactive compounds including alkaloid, flavonoid, saponin, tannin, phenolic, and its deriatiks 2017).
Furthemore the extraction methods affect the biochemical constituent {&hang et al.2018. For example, alcohol
is used as the solvent to isolate the flavonoid, triterpenoid, sterol, tannin, polyphenol and dlialeida(.,2014). AV,
AG, and SA have varied bioactive natural product both in qualitative and quantitative phytochemical screening
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