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Summary. This study evaluated the effects of Tualang honey on thBaingrefrontal cortex (mPFC) morphology and the brainlichgic
system in stressed ovariectomised (OVX) r&igty female SpraguBawley rats weralivided into six goups: (i) unstressed shawperated
control rats, (i) stressed sheaoperated control rats, (iii) nastressed OVX rats, (iv) stressed OVX rats, (v) stressed OVX rats treated with 17 f-
oestradiol (2Qug daily, sc) and (vi) stressed OVX ratsated withTualang honey (0.2 g/kg body weight, orall§fter social instability stress,
the rats were sacrificed, and the right and ledirbhemispheres were isolated for histological ssidindestimationof acetylcoline (ACh) and
acetylcholinesterase (AChE) mmentrations.Stressed OVX rats showed reduced concentrations of AChranéased AChE in the brain
homogenates compared with nonstressed sip@mted controls and the effects were reversed after treatment with either 17 B-oestradiol or
Tualang honeyThe arrangement and number of Nissl positive cells in the mPk@ng were significantly improved in stressed OVX rats
treated with eithen7 B-oestradiolor Tualang honey compared to untreated stressed OVXInatonclusion,treatment with either 17 B-
oestradiol or Tualang honey significantijnproved the morphology of mPFC, increag®@h and reduced AChEoncentrationsn stressed
ovariectomised rats

Industrial relevance. Although the currently availableormonereplacement therapg valuable in the management of postmenopausal
symptomsit need closemonitoring ofthe side effect8Because of this, there is a ndeda safe alternative treatment to alleviate
postmenopausal symptoms.view of the fact that mostatural products havdtle or no known side effect€oupled with previous studies
reporting neuroprotectivieenefitsof Tualang honeyit is deemeda suitable alternative therapy to alleviatame of the neurological symptoms in
postmenopausalomen
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INTRODUCTION

The prefrontal cortex (PFC) plays an important role in integrating cortihlsabcortical inputs for cognitive processes.
Depletion ofacetylcholine (ACh)n the PFC produces profound impairments in cognitive functions in prirf@tessonet al.
2011)and in rodent¢Chudasamat al. 2004) andthe degeneration of cholinergic neurons in PFC have been implicated in the
neurodegenerativeisorderssuch as Alzheimer'disease

Many effects of chronic stress are mediated by increasgdeissinduced level®f glucocorticoidsthe major stress hormones
(Uno et al. 1989).0ne of the primary targets gfucocorticoidsis the prefrontal cortex (McEwen, 2007), a region controlling
high-level “executive” functions, including working memory, inhibition of tlaction, novelty seeking, and decision making
(Miller, 1999; Stuss and Knight, 2002). Chronic stress or glucocorticeadhtent has been found to cause structural rdinagle
and behavioral alterations in the PFC of adult animalgh as dendritic shortening, spine loss, and neuronal atrophy (Cook and
Wellman, 2004; Radlegt al. 2004, 2006), as well as impairmsin cognitive flexibility and perceptual attention (Cerqueira
al. 2005, 2007; Listoret al. 2006). In addition, stress significantly reduced ACh concentrations in old lar{@damonths) when
compared with young animals (6 months) (Segavial. 2008). Alteration in the morphology of PFC and reduction in ACh
concentrations following chronic stress may impair cognitive function aggetrineuropsychiatric disorders (Sarter and Bruno
1999; de Kloett al. 2005).

Oestrogens can affect the serotonergic, cholinergic, noradrenergic and demaenaystemsAdministration ofoestrogens to
ovariectomsed rats increases the activity of choline acetyl transferase (ChAT), whitlolgdd in the synthesis of ACh in the
basal forebrain, and in two of ifgojection areas the CA1 region of the hippocampus and the frontal corexle novo
synthesis of the enzyme in the basal forebhais beempostulatedo elevatehe ChAT activity with subsequent axonal transport
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to the CA1 region of hippocampus and fhental cortex (Luine, 1985)A single photon emission tomographyRET) study
reported an increased index of cortical cholinergic terminal concentrationsineiéasing years obestrogen replacement
therapy (ERTuse in healthy poshenopausal womefsmithet al. 2001)and this may presentke memory in older women.

Tualang honey, a phytoestrogémas been used as a natural source of oestingée present studyrualang honey is one of
Malaysia’smost weltknownhoney among others such as Gelamney, Belimbing honey and Coconut honey. Tualang honey is
produced by wild beesf the specied\pis Dorsata that dwell in tropical forestin the state oKedah, Malaysia. Tualang honey
derives its name from Tualang tree, a tropical tree also known ampassia Excelsa. Wild honey produces nectar of high
quality andhigh nutritional contentTraditionally used for general healttecent research has shown that Tualang honey may
have a number of systemic benefitsbonestructure(Zaid et al. 2010), climacteric symptom§Othmanet al. 2011), and breast
cancer prevention@hashmet al. 2010;Fauziet al. 2011).1n addition, foney has significant antioxidant activity ¢Mamaryet
al. 2002; Medeet al. 2005; Perezt al. 2007; Khalilet al. 2011;Kishore, 2011) andontainsboth choline and ACh (Heitkamp
and Hauswirtschaftl984)which function as neurotransmitters and are essential for brain function.

The present study aims to evaluate the possible beneficial effects ohduadaey on morphology of the PRMd brain
cholinergic systenin OVX rats exposed to chronic social stresel thesdindings were compared witthe 173-cestradiol
treated group.

MATERIALS AND METHODS

Animals. A total of 60 adult female Spragiawley rats aged approximately eight weeks and weighing 200 g + 20 g were
obtained from the Animal Research and Service Centre, UnivBesitsMalaysia (USM), Malaysia. All rats were housed in
polypropylene cages (40 cm x 25 cm xché), exposed to 12 h ligltark cycles, maintained at a room temperature of 23°C and
provided with free access to food and water. The experimental protocol waseappy the Animal Ethics Committee of the
USM; No. of Animal Ethics Approval: USM/Animal Ethics Approval/2011/(64)(272)e Tats were randomly divided into six
groupsas summarised in Table The experimental design is shown in Figure 1.

Table 1 Animal experimental groups

1 nonstressed shabperated control rats1

2 shamoperated control rats exposed to stress

3 nonstressed and OVX rats

4 stressed OVX rats

5 stressed OVX rats treated with 17 B-oestradiol (2Qug daily, sc)

6 stressed OVX rats treated for 18 days with Tualang hdh2yg(kg body weight, orally)

3 days before Ear 15
social stress days
I E E i#fphtrlflﬂt
Recovery period (60 doys)
i Honey or Social
strass
OVWX or sham E2 L DI'
& contro
& at Treatment
e handling

Figure 1 Experimental design

Surgical procedure. Rats were randomly stratified into two groups; one granderwent bilateral OVX and tlather group
underwent standard sham operation. The surgical procedures were performed undsdr ageesthesia induced by the
intraperitoneal injection of ketamine (Sigma, USA, 60 mg/kg) andziyé (Sigma, USA, 5 mg/kg). After shaving the area, a
small midline incision (about 2 cm) was made on the dorsal aretheof3® to 5" lumbar vertebrae and cleaned with a
chlorhexidine scrub and 70% ethanol. Following surgical procedure, the peritovieaboa skin were closed with absorbable
sutures (MiraleneB. Braun Melsungen AG, Germany). The entire surgical procedurgevémmed by aseptic technigaed
immediately after the procedure the rats waeezedunder a heat lamp for 1 hour to avoid hypothermia. Following surgery, the
rats were housed separgted a clean cage for 10 days to avoid any interactions that might yield bleedglingrdrealing.

Social instability stress procedure. The social instability stress procedure was conducted two months afterysurbe
procedure consisted of alternating isolation and crowding phases for 15 daysiasspyalescribed (Hallegt al. 1999). The
experiment started and ended with an isolation phase, and each phase lasted fa. Editwats comprise of three matesl
five females were held in a cage the crowding phase. The male rats were used to mimic normal social@itiratiuman. The
rats were videotaped for the initial 30 minutes of each crowding phase. Recordmvbbral changes were made including
biting attackgbite marks) dominant postures and fighting for food behaviour (De Gaelj. 1992).
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Treatments. The rats were treated with either subcutaneous injection of 17 p-oestradiol 20ug/day (Cayman Chemical, Ann
Arbor, MI, USA) in 2.5 pl of corn oil (Takumet al. 2007) or oral gavage @2 g/kg body weightély (Zaid et al. 2010) Tualang
honey(Agro Mas, Mergong, Kedah, Malaysia) 3 days prior to the procedure and contirueghthut the 15 days treatment

Preparation of brain tissue. After completion of the social stress procedure, the rats were sacrificed by rapidafiecapihe
brains from each group were quickly removed followed by careful dissectitre oight and left brain hemispheres in-gdd
saline. The isolated hemispheresre then weighted and brain homogenate (10% wA) was prepared from the left hemispheres in
ice-cold 0.1M of phosphatbufferedsaline (pH 7.4). The homogenate vilasn rapidly centrifuged (10,000 x g) for 10 minutes
and kept at —80 °C until assay. The right brain hemispheres were preserved in 10% formalin for histology analysis.

Estimation of acetylcholine concentrations. ACh concentrations were measured using a commercially available AChkéissay
(BioAssay, USA) according to the manufacturer’s instrungtidBriefly, 20 pl of each brain homogenate sample was transferred
into separate wells of the plate. Then, 80 pl of working reagent was added to each well. The plate was slightly mixed and
incubated for 20 minutes at room temperature. The reactions weti@ated by adding 50 ul of stop solution to each well.
Finally the amount of ACh was determined using spectrophotometer at 570 nm absdftenmo Fisher Scientific Inc.,
Waltham, MA, USA).The standard curve demonstrates a direct relationship betyéieal alensity and ACh concentration.
ACh conceatration was expressed pg of ACh per ml obtained from the brain homogenate. ACh concentrationspier pgl
obtained from the brain homogenate were normalised to total protein in the sampleutat éor possible differences in peat
concentrations between subjects and expressed in pg/ug protein.

Estimation of acetylcholinesterase concentrations. Acetylcholinesterase (AChE) concentrations were measured using a
commercially available AChE kit (Cusabio, USA) according to the manufacturer’s instructions. Briefly, 100 pl of the samples
and standard were added to each well and incubated for 2 hours at 37.5 °C. The liquids wereowesh vat not washed.
Subsequently, 100 pl of arliChE antibody was added to each well and incubated for another 60 minutes at 37 Geridte
washing with a wash buffer, 100ul of an HRP-avidin working solution was added to each well and incubated foni6@t 37°C.
The reaction was started by adding jBOf tetramethylbenzidine, which made the reaction blue, and was then terminated by
adding 50 pl of stop solution to each well. Finally, the amount of AChE was determined using spectrophotometer at 450 nm
absorbance (Thermo Fisher Scientific Inc., Waltham, MA, USA). The sthrzlave was plotted to demonstrate a direct
relationship between optical density and AChE concentration. All AChE contiemsravere normalised to total protein in the
sample to account for possible differences in protein concentrations betvbgestsand expressed in pg/pg protein.

Histological assessment of mMPFC. The right brain hemispheres were embedded in paraffin, cut into 5um thick coitaise
by a rotary microtome (HM505E; Microm International GmbH, Walldorf, Geyjamounted on slides and Nisghined. Nissl
staining was performed according to the standard procedure. Two continuous fielth ohPFC were selected and captured
(Olympusbiological microscope; CX41, Japan). The arrangement of pyramidal neurons watedeand the neurons were
counted at different magnifications with a hidéfinition medical image analysis program (analySIS docu 5.0, GermniEmg)
mean of the two fields &s taken as the neuron number of each section, and the mean of the four sectidenveastiie® neuron
number of each group. Cells with a shrunken or unclear body with surrounding emgty spae excluded.

Satistical analyses. Two-way ANOVA was utili®d to examine the effects of stress (stressesharsstressedand surgery
(shamoperated vs. OVX) on ACh and AChE concentratioasd the number of pyramidal neurons of PFC, followed by one
way ANOVA to examine the effects af7 B-oestradioland Tualanchoney on ACh and AChE concentrations, and number of
pyramidal neurons in mPFC among the groups. Probability valligsss than 5%R < 0.05) were considered statistically
significant.

RESULTS AND DISCUSSION

Effects of surgery and social stress on number of Nisdl-positive cells and concentrations of ACh and AChE . A significant main
effect of surgery was found on the number of NEssitive cells in mPFC (F (1, 36)53.75;P < 0.001), ACh (F (1, 36) 51.12,
P <0.001) and AChE (F (1, 36)58.71,P < 0.001) concentrations, indicating that oestrogen deficiency in OVXedtsed the
number of neuronal cell bodies in mPCF and the cholinergic activity comparechosth in sharoperated ratddowever, for
the main effect of stress only the number of NEsditive cells in mPFC (FL,36)= 12.66;P < 0.05) was found to be significant.
ACh (F (1, 36) =0.98,P > 0.05) and AChE (F (1, 36) 4.08,P > 0.05) concentrations in the brain homogenassewnot
significant. Our data also indicated a significant surgery and stress interactible onmber of Nisgbositive cells in mPFC (F
(1, 36) =12.90,P < 0.05)andAChE (F (1, 36) =0.59;P < 0.05)but not onACh (F (1, 36) =2.21,P > 0.05) concentrations as
shown in Table 1.

Effects of 17f-oestradiol and Tualang honey on number of Nissl-positive cellsin mPFC and ACh and AChE concentrations

Oneway ANOVA revealed a significant difference among the groups in the numbessHpNsitive cels in mPFC (F (1,36)
= 17.91;P < 0.001), and posioc analysis revealed that the stressed OVX rats treated with either 17p-oestradiol or Tualang
honeyhad significantly higher numbef Nisskpositive cells in mPFCompared to untreated stressed OVX (aigure 2)

In addition, onevay ANOVA data showed that the mean ACh and AChE concentrations in the lefthbrabgenate were
significantly different among the groups (F (5, 54) = 17/9,0.001 and F (5, 54) = 12.6B,< 0.001, respectively). Both7p-
oestradiol and Tualang hon&creased the mean ACR € 0.001) and reduced AChP & 0.05) concentrations in the left brain
homogenate of the stressed OVX rats compared with those of theopleaated control rats, as shown in Fig8re
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Table 2 Effects of surgery and social stress on number of gissitive cells in mPFC, ACh and AChE concentrations

Groups mPFC/0.1mm ACh Concentration (pg/ml). AChE Concentration
(pg/ml).
Sham operated control
No stress 92.50 +0.81 1.16 + 0.06 1.45+0.03
Stress 89.70 £ 0.36 1.03+0.57 1.49 +0.03
OovX
No Stress 86.50 +1.31 0.71+0.16 1.53+0.01
ovx +Stress 81.40+1.04 0.74 £0.33 1.71+0.01
Stress effects P<0.05 P>0.05 P>0.05
Surgery effects P <0.001 P <0.001 P<0.001
Stressx surgery interaction P<0.05 P>0.05 P<0.05

Values are expressed as megBEM.
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Figure 2 Effects of 17B-oestradiol and Tualang honey the number of Nisspositive cells in mPFCThedata are shown as mean + SEMP <
0.05, *P < 0.001; significantly different from stressed OVX group
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Figure 3 Effects of Tualang honey and E2 treatment on concentsatibACh (top) and AChE (bottom)he data are shown as mean + SEM.
P < 0.05,* P < 0.001; significantly different from stressed OVX group

Effects of surgery and social stress on arrangement of Nissl-positive cells in mPFC. The arrangement of mPFC pyramidal
neurons was unaffected by chronic stress alone as seen in the stressedt@ssed shaoperated controls. There were
abundant pyramidal neurptihe architecture of these neurowsspreservedand Nissl substances in the cytoplasare clearly
visible (Figures 4 & 5 A and B)In contrastthe arrangement ahPFCpyramidal neurons of OVX group was sparse and the
Nissl substance was decreasing or dissolving. The effects were moresobuibestressed OVX group as shown in Figures 4 &
5 C and D.

Effects of 17[-oestradiol and Tualang honey on arrangement of Niss-positive cellsin mPFC . Similarly, normal architecture of
mPFC pyramidal neurons of the treated stressed OVX (Figures 4 & 5 E and F) wasdbeenpared with that of the untreated
stressed OVX group.
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Figure 4 Arrangement of mPF@yramidal neurons among groups; A) shaperated control rats, B) stressed skgparated control rats, C)
nonstressed OVX rats, D) stressed OVX rats, E) stressed OVX rats treated with 17 p-oestradiol and F) stressed OVX rats treated with Tualang
honey. Tie arrows indicate the cells of interest (Nissl staining x 100e $eat 50pum).

Figure 5 Arrangement of mPFC pyramidal neurons among groups; Ap-siperated control rats, B) stressed stgmarated control rats, C)
nonstresse@VX rats, D) stressed OVX rats, E) stressed OVX rats treated with 17 B-oestradiol and F) stressed OVX rats treated with Tualang
honey. The arrows indicate the cells of interest (Nissl stainin@xst@le bar: 50um).
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DISCUSSION

In the present study stressed OVX rat model was used to examine the effects of chronic stressteogkneateficiency on
the cholinergic system and mPFC morphology. We found that oestrogen defiiciboaing OVX significantly affectdoththe
mPFC maphology and the cholinergic systefthese findings are consistent with those of earlier reports (Wadlaate2006;
Mitsushimaet al. 2009). Wallaceet al. (2006) found significantly lower spine densities (17% to 53%) in the pyramidal neurons
of the mPFC and the CAL region of the hippocampus compared with those of intaeveatsveeks after OVX. In addition,
Mitsushimaet al. (2009) revealed severe reduction in hippocampal ACh release in OVX rats.

Onthecontrary, chronic stress only significandiffects the mPFC morphology but not the cholinergic system. These findings
are in agreement with many previous studies involdifgrent types of stressors, including predator wdd@anapatet al.
2001),social stres¢Gouldet al. 1997; Czedkt al. 2002),acute and chronic restraint stréBhamet al. 2003; Veenat al. 2009 a
& b; Rosenbroclet al. 2005; Vollmayret al. 2003), footshock stresgVollmayr et al. 2003; Malberg andDuman, 2003)and
chronic mild stres§Alonsoet al. 2004) Radleyet al. (2006)noted21 days of repeated restrain strieeiceddendritic spine loss
in the rat mPFC. Previous functional neuroimaging studies exvdahinished mPFC responses during the symptomatic state
(Shinet al. 2005 in PTSD patientgnd reduction in mPFC volum&4ducls et al. 2003. Our findings are also consistent with
those of Mizoguchet al. (2001), who revealed that rats exposed to stress for four weeks did not showrayeyiohaasal ACh
release.

Oestrogertreatment improved the cognitive in object recognition task (Leira. 2003; Li et al. 2004; Walfet al. 2006;
Scharfmaret al. 2007) and morphological impairments in the hippocan{fpakumaet al. 2007; AFRahbiet al. 2014a) of rats
and mice. Its neuroprotective effects is believed to work via antioxidant nisoisfKomuroet al. 1990; Veddegt al. 1999)
up-regulation ofbrain-derived neurotrophic factofBDNF) expressionTakumaet al.2007; AFRahbi et al. 2014) and/or
augmentation otholine acetyltransferase and acetylcholinesterase activities in specific brairLaneast(al. 1985; Gibbsand
Aggarwal 199B; Gibbset al. 2004).

The PFC is one of the targets for oestrogen action (Juraska and Markham, 200#,al.2004). Chronimestrogenreatment
enhanced PFC function in aged female monkeys @tab 2006) and increased the apical dendritic length in PFC of OVX rats
(Garrett and Wellman, 2009). Our recent histologic ¢ateRahbiet al. 20149 confirmed thafTualang honegupplementation
to stressed OVX rats enhances neuronal proliferation in the hippocampal CA2, CA&aaditns. Howevetthe effecton the
PFC have yet to be reported.

In the present study, we found thmdth oestradioland Tualang honeydatments significantly increase the number of Nissl
positive cells in mPFC compared to untreated stressed OVX rats. Omgfnate in line witlthe beneficial effects of several
dietary phytochemicals or flavonoids thenervous systerhy protecting neurons against injury or disedSgencer, 2010; Park
and Lee, 2011; Yoet al. 2011).Phenolic dietary antioxidant supplemestgh as curcumin (Park and Lee, 2011) and grape
seeds (Yoat al. 2011)have been shown tnhance hippocampaéurogenesis.

In addition, lmth 17p-oestradioland Tualang honey treatmesignificantlyincreaseACh and reduce AChE concentrations in
stressed OVX rat©ur findings are consistent with those of Raal. (1999) who revealed that oestrogen and soy phytoestrogen
significantly increased choline acetyltransferase in the frontal candxhippocampus of OVX young rails. addition, 17f3-
oestradiol treatment also increases both affinity of choline uptake and AChssgrithbasal forebrain neurorBongracet al.
2009. In another study, Mitsushimat al. (2009) found gonadectomy severely reduced the ACh release and activityirlevels
both male and female rats but testosterone replacement in gonadectomised males or 17B-estradiol replacement in gonadectomised
females successfully restores The ability of the gonadal steroids in maintaining stirdsced ACh release in the dorsal
hippocampus in immobilised rats has also been obseMisuShimaet al. 2008 and these findings were supported by earlier
studies that 17fB-oestradiol induced cholingcetyltransferase in the basal forebrain of OVX ratsng et al. 1986 McEwen and
Alves, 1999.

CONCLUSION

Chronic Tualang honeysupplementation exerts beneficial effects on the mPFC morphology and the dgmlsyatem
comparable to thoseceivedl7p-oestradiol treatment. Sindaialang honeys rich in flavonoids andontains the highest total
phenolic content compared to Gelam, Indian forestRanelapple honeyKishore,2011) it is possible thatualang honegxerts
its positive effects through its antioxidant properties as well as its chaithédCh contentddowever, future studies should be
conducted teelucidatethe exacimechanisra of Tualang honey on the neurogenesis and the cholinergic systelits choline
and AChconcentrations.
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