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ARTICLE INFO ABSTRACT
Article History This study aimed to investigate the growth inhibitory effect of
Received: 1/11/2015 sidr and sommor honeys and to evaluate the synergistic effects of
Accepted: 10/12/2015 various honey concentrations and five antibiotics on gram-positive

bacteria in vitro using agar well diffusion and disk diffusion

;eywords: techniques. This is the first time for studying the antibacterial activity
Aggeb}i,c;tics and synergistic effect of sommor honey against bacteria. The results

indicated that sidr and sommor honeys had antibacterial activity
against the clinical isolates and reference strains of S aureus and
Strept. pyogenes. The reference strains were more susceptible to sidr
honey than sommor honey while the clinical isolates were more
susceptible to sommor honey than sidr honey. Increasing honey
concentrations either alone or in combination with antibiotics was
significantly increased (P<0.05) the growth inhibition of the tested
bacteria. The synergistic effects of honeys with antibiotics were
significantly (P<0.05) different among the tested gram-positive
bacteria. The highest synergistic effect was observed against Strept.
pyogenes clinical isolate when sidr and sommor honeys combined with
ofloxacin, pipracillin, amoxicillin + clavulanic acid and
sulphamethoxazole + trimethoprim. It can be concluded that sidr and
sommor honeys improved the antibiotic activity and presented a new
avenue for treatment of gram-positive bacterial infections.

Gram Positive Bacteria,
Synergistic Effects.
Antibacterial Activity

INTRODUCTION

Infectious diseases continue to take a toll on human health and life expectancy.
Treatment of these infections is becoming increasingly difficult due to antibiotic resistance to
currently available drugs (Saleem et al., 2010). The emergence in recent years of numerous
resistant strains of pathogenic bacteria to a range of formerly efficient antibiotics constitutes a
serious threat to public health (Raymond et al., 2011). Honey originally used by the ancient
Egyptians and Greeks, honey is a viscous, saturated sugar solution now widely used in wound
care (Simon et al., 2009). Bees and honey are mentioned in the holy Qur'an and there is even
one Chapter in the Qur'an named "Surah an-Nahl" meaning bees. Allah Said (what means):
"And the Lord inspired the bee, saying: Take your habitations in the mountains and in the
trees and in what they erect. Then, eat of all fruits and follow the ways of your Lord made
easy (for you)'. There comes forth from their bellies a drink of varying colors wherein is
healing for men.
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Verily in this is indeed a sign for
people who think." (Holy Qur'an 16:68-69).
The mechanisms of action of honey are still
not fully understood; however, the
antimicrobial activity of most honeys is
linked to the production of hydrogen
peroxide by the enzyme glucose oxidase
which combined with high acidity and exerts
an antimicrobial effect (French et al., 2005).
Honey is an ancient wound treatment that
was re-introduced into modern medical
practice and possesses therapeutic potential
and antimicrobial activity (Andargarchew et
al., 2004). There are many reports of
bactericidal and bacteriostatic activity of
honey against bacteria, which have
developed resistance to many antibiotics
(Patton et al., 2006). Sidr honey is made
from bees who feed only on the nectar of the
sidr tree, which is native in the South Saudi
Arabia and Yemen regions. Sidr honey has
wide medicinal applications and uses which
include: liver diseases, stomach ulcers,
respiratory infections, malnutrition diseases,
digestive  problems, constipation, eye
diseases, infected wounds and burns. Sidr
honey has strong antioxidant and
antibacterial properties (Alandejani et al.,
2009). By searching the internet, no
published papers were recorded for sommor
honey, and just short data was reported at the
web sites of honey markets. Sommor honey
is made from bees who feed on sommor tree
(Acacia) in the Hadramout region, Yemen. A
large number of honeys are available in the
Saudi market and some of them are
traditionally used as remedy for several
ailments. To date, the antibacterial efficiency
of local Saudi honeys has not been
thoroughly evaluated (Eman and Mohamed,
2011). To combat antibiotic resistance,
combination antibiotic treatment is widely
practiced in the clinic. Such treatment can
result in synergism to provide increased
efficacy and a reduction in amount of each
antibiotic used, which can reduce the risk of
possible side effects and treatment costs (Lee
et al., 2007, Wagner and Merzenich, 2009;
Leibovici et al., 2010). A combination of the
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antimicrobial ~ properties of clinically
approved antibiotics and the antibacterial
activity of honey could lead to a new
spectrum of antimicrobials that have the
potential to prevent the emergence of
resistant bacterial strains, providing broad-
spectrum  coverage and  consequently
improving therapeutic efficiency (Patrick et
al.., 2013). Moreover, combination use of
antibiotics with different modes of action
reduce the risk of antibiotic resistance arising
during therapy (Raha, 2006). In medical
practice, honey might be delivered in
combination with traditional antibiotics, with
both being administered topically or with
honey being administered topically and the
traditional antibiotic(s) being administered
systemically. Therefore, it is wuseful to
understand the interaction between honey
and conventional antibiotics (Michelle and
Robin, 2014). Our goals were to assay the
growth inhibitory effect of sidr and sommor
honeys and to study the synergistic effects of
various honey concentrations and antibiotics
on gram-positive bacteria in vitro.

MATERIALS AND METHODS

Preparation of honey concentrations,
Confirmation of isolates identification,
antibacterial assays, antimicrobial
susceptibility pattern and evaluation of the
synergistic  effect of various honey
concentrations with antibiotics on gram
positive bacteria were conducted at the
Microbiology laboratory, Department of
Applied Medical Sciences, Community
College, Najran University during February

to August 2015.
Honey samples and preparation of
concentrations

Sidr and sommor honeys were

purchased from honey markets at Najran
city, Saudi Arabia. Najran is a region of
Saudi Arabia, located in the south of the
country along the border with Yemen. It has
an area of 119,000 km?. Its capital is Najran.
Various concentrations of each honey
constituting, 10, 20, 40, 60 and 80% (v/v)
were prepared using sterile distilled water.
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This was done by dissolving the respective
volumes: 1, 2, 4, 6, 8 mL of each honey
sample into corresponding volumes of sterile
distilled water to give finally a 10 mL
preparation.
Bacterial isolates and culture media
Four-gram positive bacteria were used
in this study. Two clinical pathogenic
bacterial isolates, S aureus and Srept.
Pyogenes were obtained from the
Microbiology laboratory, King Khalid
Hospital (K.K.H), Najran region, Saudi
Arabia. The organisms were identified by an
automated system (Micro Scan Walkaway,
Siemens) and the results were confirmed
(Koneman et al., 1992). Two reference
strains, S. aureus ATCC14775 and Strept.
pyogenes ATCC19615 were obtained from
Microbiologics®.  The isolates  were
subcultured on appropriate agar plates 24
hrs. before antibacterial tests. Brain Heart
Infusion broth (Oxoid, England), Mueller
Hinton agar (Oxoid, England) and Nutrient
agar (Oxoid, England) were used in this
investigation. = Media  were  prepared
according to manufacture recommendations.
Antibacterial activity of honey samples
The growth inhibitory effect of sidr
and sommor honeys was determined by the
agar well diffusion technique according to
NCCLS (1993). Clinical and reference
bacterial cultures were grown in Brain Heart
Infusion broth at 37 °C for 4 hrs. Each
1solate, at a concentration of 1.5 x 10°
cells/ml (adjusted to the 0.5 McFarland
turbidity standards) was inoculated onto the
surface of Mueller Hinton agar plates using
swabs. The plates were allowed to dry at

Table 1: List of antibiotics
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room temperature; the medium was punched
with  six millimeters diameter wells.
Different concentrations (10, 20, 40, 60 and
80%) of sidr and sommor honeys were
checked for growth inhibitory effect by
introducing 50 pl into the well and allowed
to diffuse at room temperature for 20
minutes. The plates were incubated
aerobically at 37° C for 24 hrs. and the
inhibition zone diameter (IZD) was
measured (mm) using a ruler. Tests were
done in triplicate and the growth inhibitory
effect of different honey samples and
concentrations were recorded. Amikacin
(Oxoid) antibiotic disc (30 pg) was used as a
positive control.
Antibiotic susceptibility testing
Antibacterial susceptibility pattern
was performed wusing disk diffusion
technique (Bauer et al., 1966). Five
antibiotics were used in this study (Table 1).
Each bacterial isolate, at a concentration of
1.5 x 10° cells/ml (adjusted to the 0.5
McFarland  turbidity = standards)  was
inoculated by streaking the swab over
surface of Mueller Hinton agar plates. The
plates were allowed to dry for 5 minutes at
room temperature. Then, all antibiotic disks
were placed on the surface of the plates and
pressed gently to ensure complete contact
with agar medium. After 15 minutes of
placing disks, the plates were incubated for
24 hrs. at 37 °C. The assessment of bacterial
susceptibility was based on measurement of
inhibition zone diameter (mm) formed
around the antibiotic disk. The experiment
was repeated in triplicates for each
microorganism.

Antibiotic Symbol Potency( ug) Company
Ofloxacin OFX 5 Oxoid
Imipenem IPM 10 Oxoid
Pipracillin PRL 100 Oxoid
Amoxicillin + Clavulanic acid (2:1) AMC 30 Oxoid
Sulphamethoxazole (23.75 pg)+ Trimethoprim(1.25 pg) SXT 25 Oxoid

Evaluation the synergistic effect of various
honey concentrations and antibiotics

Clinical isolates and reference strains
at a concentration of 1.5 x 10° cells/ml
(adjusted to the 0.5 McFarland turbidity
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standards) were inoculated onto the surface
of Mueller Hinton agar plates using swabs.
Thereafter, the antibiotic disks of 6 mm in
diameter were placed on the surface of each
inoculated plate then saturated with 10 pl of
various honey concentrations (40, 60 and
80%). The plates were incubated for 24 hrs.
at 37°C. Inhibition zone diameters were
recorded and compared with that of the
antibiotic alone (Betoni et al., 2006).
Statistical analysis

Data were analyzed statistically and
were presented as means + S.E. (Standard
Error) wusing an analysis of variance
(ANOVA) according to Fisher's PLSD test.

Differences were considered significant
when p<0.05.
RESULTS AND DISCUSSION

Medicinal honeys are registered for
topical application in several countries and
are formulated in tubes into ointments and
gels, and made into wound dressings
(Kwakman et al., 2011).
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Antibacterial activity of sidr and sommor

honeys
The growth inhibitory effect of
different sidr and sommor  honey

concentrations was presented in Tables (2-3).
All the tested gram-positive bacteria were
susceptible to sidr and sommor honeys at
concentrations 80-40%. Basualdo et al.,
(2007) reported that the bactericidal effect of
honey is to be dependent on concentration of
honey used and the nature of the bacteria.
Khan et al., (2007) mentioned that the
antibacterial property of honey is also
derived from the osmotic effect of its high
sugar content and low moisture content,
along with its acidic properties of gluconic
acid and the antiseptic properties of its
H,0;.Various sidr honey concentrations (80-
10%) inhibited the growth of Srept.
pyogenes clinical isolate despite that
different sommor honey concentrations (80-
10%) exhibited antimicrobial effects against
S aureus and Srept. pyogenes clinical
isolates.

Table 2: Growth inhibitory effect of various sidr honey concentrations and amikacin on gram-positive bacteria

(all values in mm).

Bacteria Sidr honey concentrations Amikacin
80% 60% 40% 20% 10%
S. aureus ATCC 14775 1533+0.33% | 13.33+033° | 11.00+0.00° 00.00 = 0.00 00.00 = 0.00 21.00 + 0.00
Strept. pyogenes ATCC 19615 16.00 + 0.58 ¢ 1433 +0.33° 1233+0.33 " 00.00 + 0.00 00.00 £+ 0.00 21.33+0.33
S. aureus 16.67 +0.33 ¢ 14.67+0.33 ° 13.00 + 0.00° 00.00 + 0.00 00.00 + 0.00 22.67 £0.33
Strept. pyogenes 18.33£0.33¢ | 16.00+0.00 ¢ 13.33 +0.33° 1200+ 0.00% | 1033£033° 23.67 +0.33

% Values with different superscripts in the same raw and column differ at p< 0.05.

Table 3: Growth inhibitory effect of various sommor honey concentrations and amikacin on gram-positive
bacteria (all values in mm).

Bacteria Sommor honey concentrations Amikacin
80% 60% 40% 20% 10%
S. aureus ATCC 14775 1267+ 033" | 10.33+0.33° 8.67+0.33°¢ 00.00 + 0.00 00.00 + 0.00 21.00 £ 0.00
Strept. pyogenes ATCC 19615 11330337 | 11.00+0.58¢ 8.67+0.33° 00.00 + 0.00 00.00 = 0.00 21.33+0.33
S. aureus 18.00£0.00° | 16.00£0.00" | 14330338 | 12.67+£033° [ 11.00£0.007 | 22.67+0.33
Strept. pyogenes 3533+033" [ 31.00+0.58 18.00£033¢% | 15670337 | 1333£033° | 23.67+0.33

1 Values with different superscripts in the same raw and column differ at p< 0.05.

Our findings agree with other
observations (Wilkinson and Cavanagh,
2005; Mohammad et al., 2008; Henriques €t
al., 2010; Maddocks et al., 2012). The
reference strains were more susceptible to
sidr honey than sommor honey. On the other
hand, the clinical isolates more susceptible to
sommor honey than sidr honey. Jenkins and

Chapagain, (2014) found that the clinical
isolate was more sensitive to manuka honey
than the reference strain. Taormina et al.,
(2001) reported that physical properties
along with geographical distribution and
different floral sources may play important
role in the antimicrobial activity of honey.
Increasing honey concentrations significantly
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increased the growth inhibition of the tested
bacteria. This result agrees with the result
previously recorded by (Alqurashi et al.,
2013). The clinical and reference strains
were susceptible to amikacin antibiotic with
1ZDs ranged from 21.00+0.00 - 23.67 = 0.33
mm.
Antibiotic susceptibility and synergistic
effect of various honey concentrations and
antibiotics against S. aureusATCC14775
reference strain

All the tested antibiotics inhibited the
growth of S aureus ATCC14775 with 1ZDs

ranged from 20.33+ 0.33-52.00+0.00 mm
(Table 4). It was observed that various sidr
and sommor honey concentrations (80-40%)
exerted synergistic effects with pipracillin,
amoxicillin ~ +  clavulanic acid and
sulphamethoxazole + trimethoprim. The
present findings revealed that sidr and
sommor samples at ((80-40%)
concentrations did not show synergistic
effects with ofloxacin and imipenem on S
aureus ATCC14775. Our results agree with
other observations (Ali et al., 2005; Patrick
etal., 2013).

Table 4: Synergistic effect of sidr and sommor honeys (80 - 40%) with antibiotics on S. aureus ATCC14775 (all

values in mm).

Antibiotics+ Honeys Honey concentrations Antibiotic alone
80% 60% 40%

OFX + Sidr 29.33 +0.33 29.33+ 0.33 29.00 + 0.00 29.33 +0.33
OFX + Sommor 2933+ 0.33° 28.33+0.33° 28.33+£0.33° 2933 +0.33°
IPM + Sidr 52.00 + 0.00 52.00 + 0.00 52.00 + 0.00 52.00 + 0.00
IPM + Sommor 52.00 + 0.00 52.00 + 0.00 52.00 + 0.00 52.00 = 0.00
PRL + Sidr 26.67+0.33 ¢ 2533 £0.33°¢ 25.00 £0.00¢ 20.33+033°
PRL + Sommor 24.00 £0.00° 2233 £0.33°¢ 2233 £033° 20.33+0.33 ¢
AMC + Sidr 33.67+ 0.33 ¢ 32.00 £0.00" 30.67+0.33 " 26.67 £033°
AMC + Sommor 31.00 +0.00" 29.33 £0.33° 29.00 +0.58° 26.67 £0.33°¢
SXT + Sidr 31.67+033" 30.00 +0.00° 29.00 +0.58° 2533+0.33 17
SXT + Sommor 28.00 +0.00° 28.00 +0.00° 27.67 +0.58° 2533 +0.33¢

*h Values with different superscripts in the same raw and column differ at p< 0.05.

Antibiotic susceptibility and synergistic
effect of various honey concentrations and
antibiotics against Strept.  pyogenes
ATCC19615 reference strain

The susceptibility of Strept. pyogenes
ATCC19615 reference strain to Antibiotics
and synergistic effect of sidr and sommor
honey samples with antibiotics were

presented in Table 5. The results
showed that Srept. pyogenes ATCC19615
reference strain was sensitive to the tested
antibiotics. Various sidr and sommor honey
concentrations (80-40%) had synergistic
effect with pipracillin and
sulphamethoxazole + trimethoprim on Strept.
pyogenes ATCC19615 reference strain.

Table 5: Synergistic effect of sidr and sommor honeys (80 - 40%) with antibiotics on Strept. pyogenes

ATCC19615 (all values in mm).

Antibiotics+ Honeys Honey concentrations Antibiotic alone
80% 60% 40%

OFX + Sidr 32.00 +£0.00* 30.67+0.33 ¢ 30.33+0.33° 31.33+0.33°
OFX + Sommor 36.67+033° 3433+£0.33°¢ 33.67+£0.33°¢ 31.33+£0.33°
IPM + Sidr 52.00 = 0.00 52.00 + 0.00 52.00 + 0.00 52.00 + 0.00

IPM + Sommor 52.00 = 0.00 52.00 £ 0.00 52.00 + 0.00 52.00 + 0.00

PRL + Sidr 48.67+0.33 ¢ 46.33£0.33° 45.00+0.00 F 40.33+£0.33¢
PRL + Sommor 49.00 £ 0.00 ¢ 46.67 +£0.33 ° 44.00 £0.00 © 40.33+0.33 ¢
AMC + Sidr 46.33+0.33° 46.33 +£0.00 ° 46.00 +0.00 ° 46.00 + 0.00 ©
AMC + Sommor 4533 +£0.33" 45.00 £0.00 ' 45.67 +0.00 ' 46.00 +0.00 ©
SXT + Sidr 38.67+0.33 ¢ 36.00+ 0.00 ° 34.00 +£0.58 ° 31.67+0.33%
SXT + Sommor 36.33+0.33° 34.33+£0.33°¢ 34.67+£0.67 ¢ 31.67+£0.33°

*€ Values with different superscripts in the same raw and column differ at p< 0.05.
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No synergism was observed for
combination of honey samples with
imipenem and amoxicillin + clavulanic acid.
Sommor honey had synergistic effect on
Srept. pyogenes ATCC19615 reference
strain when combined with ofloxacin. In
contrast, no synergistic effect resulting from
combination of sidr honey with ofloxacin.
Jenkins and Chapagain, (2014) found that
Combining each of the antibiotics with
manuka honey resulted in either synergistic
or additive activity for a reference strain of
Srept. pyogenes (NCTC 10085) reference
strain and a clinical isolate of Srept.
pyogenes (74721).

Antibiotic susceptibility and synergistic
effect of various honey concentrations and
antibiotics against S. aureus clinical isolate

The results of the growth inhibitory
effect of antibiotics and their synergism with
different sidr and sommor  honey
concentrations on S aureus clinical isolate
were presented in Table 6. The present
findings revealed that S aureus clinical
isolate was sensitive to the five tested
antibiotics. Synergistic action was observed
when different sidr and sommor honey
concentrations (80-40%) were combined
with ofloxacin, imipenem and
sulphamethoxazole + trimethoprim on S
aureus clinical isolate.

Table 6: Synergistic effect of sidr and sommor honeys (80 - 40%) with antibiotics on S aureus (all values in

mm).
Antibiotics+ Honeys Honey concentrations Antibiotic alone
80% 60% 40%

OFX + Sidr 35.67+0.33° 33.67 +0.33° 32.00 +0.00° 28.67+0.33¢
OFX + Sommor 36.33+0.33% 3433 +0.33° 32.00 +0.58 ¢ 28.67 +0.33 ¢
IPM + Sidr 42.00+0.00° 39.33+033" 39.67+ 033" 35.67+0.33°
IPM + Sommor 41.33+0.338 3933 +0.33° 38.67+0.33° 35.67+0.33°
PRL + Sidr 28.33 £ 0.33 27.67+0.33 27.67 0.33 28.00 + 0.00
PRL + Sommor 28.00 + 0.00 28.00 + 0.58 27.67 +0.33 28.00 + 0.00
AMC + Sidr 32.00+0.00° 31.33+033°¢ 31.33+0.33° 30.67 +0.33"
AMC + Sommor 31.33+0.33" 30.67 +0.67" 30.67 +0.33" 30.67 +0.33"
SXT + Sidr 40.00 £ 0.58T 37.67+033" 37.00 <+ 0.00° 32.67+0.67°¢
SXT + Sommor 39.67 +0.33" 37.33 £ 0331 36.67 + 0.337 32.67+0.67°¢

*Values with different superscripts in the same raw and column differ at p< 0.05.

Combination of various honey samples

with pipracillin and amoxicillin + clavulanic
acid did not show any synergism on S
aureus clinical isolate. Synergism between
honey and antibiotics was documented in
previous studies (Patrick et al., 2013;
Michelle and Robin, 2014).
Antibiotic susceptibility and synergistic
effect of various honey concentrations and
antibiotics against Strept. pyogenes clinical
isolate

Synergistic effect of different sidr and
sommor honey concentrations (80 — 40%)
with antibiotics and sensitivity of Strept.
pyogenes clinical isolate to antibiotics alone
were summarized in Table 7. The present
study revealed that the synergism was

showed on Strept. pyogenes clinical isolate
when various honey concentrations were
combined with ofloxacin, pipracillin,
amoxicillin + clavulanic acid and
sulphamethoxazole + trimethoprim.

It was observed that, no synergism was
obtained against 3rept. pyogenes clinical
isolate when honey samples were combined
with imipenem. Our findings were supported
by the results previously reported by
(Jenkins and Cooper, 2012; Jenkins and
Chapagain, 2014). Our results further show
that there was an increase of IZD for the
tested microorganisms with the increase of
honey concentration either alone or in
combination with antibiotics.
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Table 7: Synergistic effect of sidr and sommor honeys (80 - 40%) with antibiotics on Strept. Pyogenes (all

values in mm).

Antibiotics+ Honeys Honey concentrations Antibiotic alone
80% 60% 40%
OFX + Sidr 37.33+0.33° 36.33£0.33° 34.00 £ 0.00° 28.00 +0.00 ¢
OFX + Sommor 36.00 +0.00° 34.33+0.33°¢ 32.33+0.33°¢ 28.00 £ 0.00¢
IPM + Sidr 52.00 +0.00 52.00 = 0.00 52.00 = 0.00 52.00 = 0.00
IPM + Sommor 52.00 = 0.00 52.00 + 0.00 52.00 = 0.00 52.00 = 0.00
PRL + Sidr 52.33+0.33" 50.33 +£0.33¢ 47.67+0.33" 42.00+0.00"
PRL + Sommor 50.67 +0.33) 46.00 +0.58F 45.00+0.00" 42.00 +0.00'
AMC + Sidr 56.00+0.00™ 55.00+0.00" 51.67+0.33" 43.67+0.33°
AMC + Sommor 55.67 +£0.33¢ 54.00 £ 0.00° 49.33+0.33° 43.67+0.33°
SXT + Sidr 36.33£0.33° 34.33+£0.33° 32.00+0.33° 29.33 +£0.33°
SXT + Sommor 36.67 £0.89° 35.00+0.58°¢ 32.00+0.00°¢ 29.33+£0.33°

*P Values with different superscripts in the same raw and column differ at p< 0.05.

CONCLUSION

The present study concluded that sidr
and sommor honeys at concentrations (80-
40%) had antibacterial activity against
clinical and reference strains of S aureus
and Srept. pyogenes. The clinical isolates
were more sensitive to sidr and sommor
honeys than references strains. Both honey
samples in various concentrations (80-10%)
inhibited the growth of Srept. pyogenes
clinical isolate than the other tested bacteria.
The growth inhibition of the tested bacteria
was significantly increased (P<0.05) by
increasing honey concentrations either alone
or in combination with antibiotics. The
synergistic effects of sidr and sommor
honeys combined with antibiotics were
differed among the investigated organisms.
The highest synergistic effect was observed
against Srept. pyogenes clinical isolate when
sidr and sommor honeys combined with
ofloxacin,  pipracillin, amoxicillin  +
clavulanic acid and sulphamethoxazole +
trimethoprim. Sidr and sommor honeys were
effective antibacterial agents and can be used
in combination with antibiotics for treatment
of gram positive Dbacterial infections
especially S aureus and Srept. pyogenes.
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