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Anti-inflammatory and Anti-bacterial Effects of Aloe vera MAP
against Multidrug-resistant Bacteria
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Abstract — Multidrug-resistant Acinetobacter baumannii and Pseudomonas aeruginosa are highly dangerous
nosocomial pathogens, cause the symptoms of skin infections, pressure sores, sepsis, blood stream and wound
infections. Unfortunately, these pathogens are immune to the most common antibiotics, such as, carbapenem,
aminoglycoside and fluoroquinolone. Therefore, it is imperative that new and effective antibiotics be developed.
In the present study, the antimicrobial effects of Aloe vera MAP (modified Aloe polysaccharide) on Staphylococcus
aureus and Bacillus subtilis, Escherichia coli and Enterobacter aerogenes, and clinical Pseudomonas aeruginosa
and clinical Acinetobacter baumannii were comprehensibly investigated. Prior to the growth inhibition effect
measurement and antibiotic disc diffusion assay on gram-positive and gram-negative bacteria and selected multidrug-
resistant Pseudomonas aeruginosa and Acinetobacter baumannii, antimicrobial resistance screening was
performed for the multidrug-resistant bacteria obtained from clinical isolates. The results for showed the Aloe vera
MAP had a concentration-dependent effect on all of examined bacteria, particularly on Pseudomonas aeruginosa.
Anti-inflammatory and anti-oxidant experiments were also performed dose dependently effects to confirm the

beneficial physiological effects of Aloe vera MAP.
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Introduction

More effective antibiotics have been developed but
demands are ever-increasing. Furthermore, long-term
treatment or abuse of antibiotics has increased the number
of antibiotics resistant bacteria, such as, Acinefobacter
baumannii and Pseudomonas aeruginosa, which clinically
important as they are responsible for nosocomial pneu-
monia, urinary and wound infections and sepsis.! In fact,
these are regarded life-threatening nosocomial pathogens
and are resistant to major clinical antibiotics, including
carbapenems, aminoglycosides and fluoroquinolones. Such
multidrug resistant bacteria are widespread nowadays and
are transmitted by personal contact, environmental exposure,
or by nosocomial infection.*?

Although they may not be hazardous to healthy people,
immune depressed, diabetes, and chronic obstructive
pulmonary disease (COPD)) patients and especially patients
hospitalized long term are highly susceptible to infections
caused by such multidrug-resistant resistant bacteria.*
Multidrug-resistant Pseudomonas aeruginosa (MDRPA) is
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a particular concern it is a component of normal body
flora but has the inherent ability to causes self-infections.’
The major symptoms of such infections include skin
infections, bedsores, sepsis, pneumonia, and bloodstream
and wound infections, though these vary widely on an
individual basis.® Those infections are usually treated with
antibiotics identified by sensitivity tests. However, it is
difficult to treat MDRPA infections due to its immunity to
ordinary antibiotics.”®

Aloe is a well-known plant, which is used worldwide in
folk remedies and traditional medicine, such as, to
improve skin and bowel health, and for antibiosis and
immune potentiation.”'° Recent scientific studies have
revealed that Aloe vera contains 11 bioactive substances,
which include the aloesin, 8-C-glucosyl-7-O-methyl-(S)-
aloesol, and neoaloesin A. These three compounds have
been extensively studied and are known to have for
effective antibiotic and antitumor properties.'"!*

The present study was undertaken to confirm the
antimicrobial effects of Aloe vera MAP on Pseudomonas
aeruginosa, Acinetobacter Baumannii, and four species of
gram positive and negative bacteria isolated in condensed
form from clinical environments. The anti-oxidant and
anti-inflammatory effects of Aloe vera MAP was also



Vol. 23, No. 4, 2017

investigated to identify beneficial effect of DPPH, NO,
MCP chemokine level.

Experimental

Aloe vera MAP — Aloe samples were supplied by
Univera, Co., Ltd. (Korea) and were extracted from Aloe
vera MAP cultivated in Hainan, China. MAP (Modified
Aloe Polysaccharide) was prepared by dialysis of MAXP
(Modified Aloe X Polysaccharide) through a 3.5 kDa
Spetra/por™ membrane, which effectively removed low
molecular weight polysaccharide. MAP thus prepared
was dissolved in the distilled water (DW) and then
lyophilized, as previously described Qiu.'*!> The MAP
sample was dissolved in DW (medically certified sterili-
zation grade) at concentrations of 1000, 500, 200, 100,
50, 20, 10 or 5 pug/ml stored at —20 °C until required.

Bacterial strains — Staphylococcus aureus (ATCC
65389), Bacillus subtillis (ATCC 6633), Escherichia coli
(ATCC 35922) and Enterobacter aerogenes (ATCC 3975)
were purchased from the American Type Culture Collection
(ATCC, Manassas, VA, USA) and cultured in Luria
Bertani (LB) broth. The LB broth was prepared using
commercially available Trypton, yeast, NaCl and sterilized
DW. Pseudomonas aeruginosa and Acinetobacter
baumannii were supplied by Sahmyook University Hospital
and were pre-screened to confirm antibiotic resistance.'®
P aeruginosa and A. baumannii were separately cultured
in a nutrient broth, which was prepared with peptone
(DIFCO), beef extract (BD Bioscience) and the sterili-
zation grade DW.

Cell strains — Raw 264.7 cells were purchased from
the Korea Cell Strain Bank. Raw 264.7 cells were cultured
in Dulbeco’s Modified Eagle’s Medium containing 10%
fetal bovine serum (FBS), mixed with 1% penicillin
(10,000 U/ml) and streptomycin (10,000 U/ml), autoclaved
at 121 °C for 20 minutes before culturing for 24 hours,
and then cultured in incubator at 37 °C, 5% CO,. The cell
strains, culture medium, and other antibiotics were of
commercial grades.

MTT assay — Raw 264.7 cells were seeded in a 96
well plate at 2 x 10* cells/well and cultured for 24 hours.
They were then treated with Aloe vera MAP concentra-
tions of 1000, 500, 200, 100, 50, 20, 10 or 5 pg/ml
concentrations and further cultured for 24 hours, when the
supernatant fraction was removed and 100 pl/well of
MTT (3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyltetrazolium
bromide, Sigma Aldrich) was added. Mixtures were then
placed in a 5% CO, incubator 150 mins at 37 °C. DMSO
(100 pl/well) was then added and homogenized for

287

5 minutes. Optical densities of solutions were measured at
540 nm using an ELISA (enzyme-linked immunosorbent
assay) microplate reader. Optical densities expressed as
percentages of the non-treated control.

Measurement of minimum inhibitory concentrations
— The bacterial strain S. aureus and multidrug resistant P.
aeruginosa and A. baumannii were fested minimum
inhibitory concentration of five antibiotics, gentamicin
(Sigma, USA), meropenem (Yuhan, Republic of Korea)
tobramycin (Daewoong, Korea), tigecycline (Wyrth-Ayerst,
USA), ciprofloxacin (Ildong, Korea), and AVE (4loe vera
MAP extract, 2 mg/ml). The MICs were measured by the
agar dilution method based on the guidelines established
on the Clinical Laboratory and Standards Institute (CLSI
2012).

Growth inhibition effect — The same bacterial strains
of the previous sections were cultured in Mueller-Hinton
broth for 20 hrs cultured in an incubator at 37 °C. The
number of cells was counted as per 0.5 McFarland Standard.
Growth inhibition effect measurement was performed by
introducing 20 pl of 1 mg/ml concentrated Aloe vera
MAP into the 180 pl of Muller-Hinton broth, which was
twice diluted into the final bacterial concentration of
1 x 10° CFU/ml. Upon completion of 24 hrs culturing,
turbidity of the test broth was measured in terms of
optical density with variation of dilution. When the
optical density values for each dilution of the Aloe vera
MAP extracts test broth and the pure bacterial culture
medium were nearly identical, the minimum concentration
of the Aloe vera MAP test broth was taken as MIC.

NO assay — The murine macrophage Raw 264.7 cells
(2 x 10* cells/well) were seeded on 96 well plates. After
24 hrs incubation, cells were stimulated with lipopoly-
saccharide (LPS, Sigma). Upon completion of the reaction,
Aloe vera MAP of 1000, 500, 200, 100, 50, 20, 10 or
5 pg/ml concentrations was then added with LPS 1 pl/ml
as a negative control or only DMEM treated as a positive
control. After culture for 24 hrs in 5% CO, at 37 °C,
supernatant (70 pl/well) were added to the wells of 96-
well plate with 70 pl/well Griess Reagent (Sigma Aldrich).
Finally, these mixtures were shaken for 10 minutes at
room temperature and optical densities were measured at
540 nm using an ELISA micro plate reader.

MCP-1 assay — To confirm the immune potentiation
effects of Aloe vera MAP, such as, MCP-1(monocyte
chemo-attractant protein-1) induction. 100 pl/well of the
Aloe vera MAP solution was placed on the prepared
coated MCP-1 first antibody and further reacted for 2
hours at room temperature, then washed with wash buffer
for 5 times. Upon completion of second antibody reaction,
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the test solution was again washed with buffer before the
100 pl/well of the substrate solution was added to it, for
another 30 minutes reaction in a dark room. Then stop
solution of were added each well to finish the reaction
and optical densities were measured at 450 nm. Induction
of MCP-1 value was quantified using the MCP-1 standard
and with 1 pl/ml of LPS as a negative control or only
DMEM-treated as a positive control.

DPPH assay — 100 pl of Aloe vera MAP of 1000, 500,
200, 100, 50, 20, 10 or 5 ug/ml concentrations were
placed in a 96 well plate with 100 pl of 0.2 mM DPPH (2,
2-diphenyl-1-picrylhydrazyl) for subsequent reaction for
30 minutes at room temperature. Optical densities were
measured at 517 nm to determine antioxidant characteristics
using the ascorbic acid as a standard antioxidant.

Result and Discussion

The infectious disease of multidrug resistant bacteria
causes various symptoms depending on the type of
infection. Diversity of infectious disease treatment utilizes
certain antibiotics that have susceptibility based on anti-
microbial susceptibility test. However, development of
new substances is important as multidrug resistant bacteria
that have antimicrobial resistance to common antibiotics
make treatment difficult. As antimicrobial resistance
highly grows, the need for antibiotics that can solve this
problem rises.

Cytotoxicity assessment — Cytotoxicity of Aloe vera
MAP at each concentration was examined by MTT assay
using Raw 264.7 cells of white mouse macrophages as
illustrated in Fig. 1, Raw 264.7 cells treated with 5 pg/ml
and 1000 pg/ml of extract showed cell viabilities of
88.6 +3.0% and 98.03 + 3.3%, respectively. Overall, higher
than 90% viability was observed, which was approximated
by the 88.6% cell viability obtained using 1000 pg/ml of
Aloe vera MAP (Fig. 1).

Measurement of minimum inhibitory concentrations
—The MICs test of five antibiotics (gentamicin, mero-
penem, tobramycin, tigecycline, ciprofloxacin) against

Natural Product Sciences

fore bacterial strains are shown in Table 1. S. aureus
exhibited high-level susceptibility to all of antibiotics
tested, respectively. However, AVE 1mg/ml showed
weakly resistance against S. aureus. P. aeruginosa exhibited
high-level resistance to all of antibiotics tested (MIC >128
pg/ml), respectively. Also, A. baumanii exhibited resis-
tance to all of antibiotics tested include tigecycline and
meropenem.

Growth inhibition effect — Growth inhibition effect
performed to determine the anti-bacterial effects of the
Aloe vera MAP at various concentrations confirmed the
survival rates of the gram positive bacteria B. subtilis and
S. aureus as 61.45% and 53.12%, respectively, with 1000
pg/ml of Aloe vera MAP. On the other hand, the gram
negative bacteria E. coli and E. aerogenes showed survival
rates of 58.09% and 69.76%, respectively. Concentration
of the Aloe vera MAP had varying antibiotic effects on
the multidrug resistant bacteria P aeruginosa, resulting in
survival rates of 62.3% and 42.9% for 500 ug/ml and
1000 pg/ml of Aloe vera MAP (former is the highest
antibiotic effect while the latter is the highest concen-
tration effect). Lastly, survival rates of 75.99% and
68.34% were observed for 500 pg/ml and 1000 pg/ml of
Aloe vera MAP with A. baumannii (Fig. 2).
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Fig. 1. Cytotoxicity of the Raw 264.7 cells were treated with
Aloe vera MAP extracts. Experiments were performed by means
of an MTT enzyme assay. Data are measured as percentage of the
control. Error bars represent the mean =+ standard deviation (*P <
0.05).

Table 1. The minimum inhibitory concentrations test (MICs) of five antibiotics and AVE (mg/ml) against bacterial strains S. aureus,

multidrug-resistant bacteria P. aeruginosa, and A. baumanii

. MIC (ug/ml)
Strains
GEN MEM TOB TIG CIP AVE (mg/ml)
S. aureus 0.2 0.8 0.8 04 0.1 32
P aeruginosa >128 >128 >128 64 64 128
A. baumanii >128 16 >128 4 >128 >128

GEN, gentamicin; MEM, meropenem; TOB, tobramycin; TIG, tigecycline; CIP, ciprofloxacin; AVE, Aloe vera MAP extract (mg/ml)
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Fig. 2. Growth inhibition effect of 4loe vera MAP extract (AVE)
in a variety of bacteria including multidrug-resistant resistant
bacteria. Data was measured as a percentage of the control, i.e.,
the bacteria cultured in the pure medium without Aloe vera MAP
extracts (*P <0.001, *P <0.004, *P <0.019).
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Fig. 3. Effect of Aloe vera MAP extract (AVE) on inhibitory of
Nitric oxide (NO) production in LPS-stimulated Raw 264.7 cells.
Data are measured as percentage of the control treated only with
LPS. Error bars represent the mean + standard deviation (*P <
0.05).

Production of NO measurement — Fig. 3, shows the
effects of Aloe vera MAP treatment on inhibition of
production of NO, which is released as a result of
inflammation. For this, Raw 264.7 cells were stimulated
with LPS and then treated with an ineffective concentration
of Aloe vera MAP to generate the control group; level of
ineffective Aloe vera MAP concentration was experi-
mentally determined based on the previous MTT assay
test.

The NO outputs of the control group and cell group
were compared by setting the control group as 100%;
control group was treated with LPS only and was cultured
without sample while the cell group was treated with Aloe
vera MAP. NO formation (41.39%) was observed at the
highest concentration when cells were treated only with

289

m MCP-1

0 5 10 20 50

LPS
AVE concentration (pg/ml)

100 500 1000

Fig. 4. Induction of MCP-1 (monocyte chemoattractant protein 1)
in Raw 264.7 cells treated Aloe vera MAP extracts (AVE). Data
are presented as mean + standard deviations of three independent
experiments (¥*P <0.05).

media compared with the control group. Treatment with
the highest Aloe vera MAP concentration (1000 pg/ml)
resulted in 81.63% NO production, which was equivalent
to 18.37% NO inhibition. On the other hand, 95.03% NO
formation was equivalent to 5% NO inhibition obtained
for 5 pg/ml of Aloe vera MAP, confirming an inverse
proportional relationship between Aloe vera MAP con-
centration and NO formation (Fig. 3).

MCP induction measurement — MCP-1 (monocyte
chemoattractant protein-1) level was measured to examine
the effect of Aloe vera MAP concentration on induction
of chemokine. Raw 264.7 cells were treated as detailed in
the previous NO assay section, and the MCP-1 formation
results are compared in Fig. 4. MCP-1 generated by the
control group (182.5 + 0.4 pg/ml) was far greater than that
generated by 5 pug/ml of Aloe vera MAP treatment
(118 £ 0.6 pg/ml). A total of 62.5+0.5 pg/ml of MCP-1
was observed for the highest Aloe vera MAP concentration
(1000 pg/ml), effectively proving that Aloe vera MAP
could inhibit MCP-1 induction (Fig. 4). Therefore, most
of all concentrations of Aloe vera MAP extract reduced
MCP-1 formation and the reductions increased concentra-
tion dependently, as an inflammatory responses with
chemokine expression.

DPPH activity measurement — Fig. 5, shows the
effects of Aloe vera MAP of the anti-oxidative activity.
DPPH assay was used to optically identify the free radical
removability of Aloe vera MAP, as detailed in the
Experimental section. Free radical removability was
proportional to the Aloe vera MAP concentration. One
thing is noteworthy in that the highest concentration of
Aloe vera MAP resulted in the antioxidant activity
similarly to 2000 pg/ml concentration of ascorbic acid
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Fig. 5. Inhibitory effect of the Ascorbic acid and Aloe vera MAP
on DPPH free radicals. Data was measured as a percentage of the
control. Error bars represent the mean + standard deviation (*P <
0.05).

which is a strong antioxidant.

In present study, growth inhibition effect and disc
diffusion assay were conducted using Staphylococcus
aureus and Bacillus subtilis, Escherichia coli and Entero-
bacter aerogenes, and clinical Pseudomonas aeruginosa
and clinical Acinetobacter baumannii to test the antimi-
crobial effects against standard gram positive and gram
negative bacteria as well as multidrug resistant bacteria.

Growth inhibition effect and disc diffusion assay
confirmed that survival rate of group treated with Aloe
vera MAP decreased dose-dependent at all levels of
concentration. Some studies have found that bioactive
component of Aloe extract, polyphenol of anthraquinone
such as Aloe emodin, emodin, aloin cause such desirable
effects of the Aloe. These studies have discovered that
phenolic component of Aloe vera have effects of anti-
microbial and anti-tumor. Phenolic component of Aloe
vera have been reported to have potent anti-lipid
peroxidation inhibitory effects in the livers and brains of
mice.lZ,ll,lO

Pugh et al., identified that these with lower molecular-
weight have greater anti-inflammatory activity while those
with higher molecular-weight have greater immune stimula-
tory activity from commercial Aloe vera.'’ This study has
also come to conclusions that support such findings of
lower results on the NO formation compare to the MCP-1
cytokine formation based on experimental evidence.

In light of the urgent need to develop efficient antibiotics
for multidrug-resistant nosocomial bacteria such as P
aeruginosa and A. baumanii, which are immune to several
contemporary antibiotics, the antibiotic effects of the 4loe
vera in the present study may have beneficial potential.
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The beneficial effects of the Aloe vera on multidrug-
resistant bacteria combined with their anti-inflammatory
and antioxidant effects suggest their promising pharma-
ceutical and clinical efficacy for development as new
antibiotics. Therefore, the present study is expected to
contribute to fundamental research on the antibiotic
effects of Aloe vera. However further identification of the
active compound of Aloe vera and more antimicrobial
effect in clinical studies are needed.
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