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Abstract: We examined association between the changes in blood oxidative stress level/activity and the
changes in memory performance in postmenopausal women receiving Tualang honey (TH). The verbal learning
and memory performances of thirty nine postmenopausal women were assessed using the Malay version of the
Auditory Verbal Learning Test (MVAVLT) and their oxidative stress levels/activities were determined using
commercially available kits before and 16 weeks after TH supplementation. The plasma glutathione peroxidase
(GPx) and catalase (CAT) activities were considerably increased but the 4-hydroxynonenal (4-HNE) level was
notably decreased after 16 weeks of TH supplementation. There were positive correlations between the changes
in plasma GPx and the changes in trial A6 scores (r = 0.48, P < 0.05) and between the changes in plasma CAT
and the changes in recognition score (r = 0.32, P < 0.05). TH supplementation for 16 weeks reduced blood
oxidative stress but most of the changes in blood oxidative stress level/activity were not significantly correlated

with the changes in memory performance.
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Introduction

Central nervous system (CNS) is vulnerable to
oxidative stress [1, 2] and inflammation [3] especially during
aging. Both inflammatory and oxidative stress processes
potentially play a role in the development of various
neurodegenerative disorders such as Alzheimer or Parkinson
disease in human as well as in animal models. A previous
study showed that late menopause women perform
significantly worse at cognitive function tests (planning and
mental flexibility) than their counterparts in early
menopause [4]. More recent evidence indicates that
cognition declines progressively over the menopause, with
significant reduction in processing speed and working

memory [5, 6]. The treatment of choice is hormone
replacement therapy (HRT) but, despite its effectiveness for
symptomatic relief, there has been a marked and global
decline in the HRT use because of concerns over possible
side effects [7].

Herbal and dietary therapies are among the most
common alternatives to HRT. Dietary intake can influence
the onset and incidence of neurodegenerative diseases by
protecting neuronal vulnerability, enhancing existing
neuronal function and/or stimulating neuronal regeneration.
Studies in humans and animals have highlighted the
potential of dietary antioxidant supplementation to influence
cognition and learning [8-14]. Youdim and colleagues [15]
reported that flavonoids supplementation was able to give
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Table 1. Characteristics of the participants

Age (years) 55.44 (0.52)
Menarche age (years) 13.28 (0.25)
Menopausal age (years) 50.08 (0.46)
Duration of menopause (years) 5.33 (0.53)
Educational status, n (%)

Primary 6(15.4)
Secondary 18 (46.1)
Tertiary 15 (38.5)

Values are expressed as mean (SEM) for age, menarche,
menopausal age and duration of menopause and n (%) for
educational status.

direct and indirect effect on learning/memory-induced
signaling cascades. The antioxidant properties of flavonoids
were able to scavenge reactive oxygen species or exert
influence on the intracellullar redox status [16].

In addition, studies on the effects of soy isoflavones
supplementation especially in postmenopausal women
showed positive association [17-19] and favourable effect on
cognitive function [20] particularly in verbal memory of
postmenopausal women [21]. Six and twelve-week of
isoflavones supplementation demonstrated a positive effect
on the frontal lobe function [22]. Furthermore, animal
studies have also indicated that isoflavones are capable of
improving cognitive function [23-26]. However there are
still conflicting data on the beneficial effects of soy
isoflavones as some trials reported that it does not lead to
cognitive improvements. A six-month trial indicates that 80
mg soy-derived isoflavones supplementation did not
improve cognitive performance in generally healthy Chinese
postmenopausal women [19]. Another double-blind
randomized trial using soy protein containing isoflavones
also reported negative finding [27]. These contradictory
findings could be explained by the differences in evaluation
of functional status, utilization of various cognitive tools and
age of participants.

Apart from isoflavones, studies using vitamins E and
C supplementation on memory function in menopausal
women [28, 29] and menopausal animal model [30] also
revealed mixed results. Women who received vitamin E and
C supplementation had significantly better memory
performance than women who had never received vitamin E
or C [28]. In that study there was a positive correlation trend

between mean memory performance scores and duration of
supplementation. Animal study also revealed that cognitive
impairment in ovariectomized rats could be prevented by
pretreatment with vitamins E and C for 30 days [30]. Kang
et al. [29] however reported that long-term vitamin E
supplementation did not provide cognitive benefits in
generally healthy older women. Similarly Engelhart et al
[31] reported antioxidants were not related to cognitive
decline in nondemented subjects and there was no
association between plasma levels of vitamin A and E, and
Alzheimer disease or cognitive decline.

Honey had a variety of phytochemicals which serves
as sources of dietary antioxidants [32]. Antioxidant capacity
of honey appeared to be due to its non enzymatic
antioxidants such as ascorbate, a- tocopherol and B carotene
which may influence the total antioxidant activity [32, 33] as
well as its capacity to increase the plasma antioxidant
enzymes [34]. Honey had been shown to reduce cognitive
impairment in human as well as in animal model. Al-
Himyari et al. [35] found that only 95 subjects who received
honey compared to 394 who received placebo developed
dementia in a 5-year study involving 2893 subjects aged 65
and older. They concluded that honey acts as natural
preventive therapy for both cognitive decline and dementia.
A previous animal study reported that honey-fed rats
performed significantly better than those fed with sucrose or
a sugar-free diet in the Y maze task [36]. Recently, our
research team has reported that Tualang honey (TH) was
able to improve immediate memory in postmenopausal
women comparable with that of estrogen progestin therapy
[37] and improve both short-term and long-term memory in
stressed ovariectomized (OVX) rats compared with that of
untreated stressed OVX rats [38].

Based on our recent findings, the present study aims
to examine the association between the changes in oxidative
stress level/activity and the changes in memory performance
in postmenopausal women receiving TH supplementation.

Materials and methods
Procedures and design

The study protocol was approved by the Research and
Ethics Committee of Universiti Sains Malaysia (USM). This
study involved 39 postmenopausal women aged between 45
and 60 years. The participants were recruited from the
Family Medicine and the Obstetrics and Gynecology Clinic,
Hospital USM. Participants were literate and were not taking
any form of medication that could alter their memory
function, or any other herbal or hormone replacement 3
months prior to the study. Subjects were not chosen if they
smoked or had a history of drug or alcohol abuse or a history
of serious medical, surgical, mental or gynecological
diseases. Participants underwent physical examinations
including a pelvic ultrasonography to exclude endometrial
hyperplasia.
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Table 2. MVAVLT performance of the participants at pre-
and post-intervention.

Trial Pre- Post-
intervention intervention

Al 5.7(0.3) 7.9(0.3)"
A2 8.2(0.4) 9.3(0.3)"
A3 9.5(0.3) 10.2(0.3)"
A4 10.1(0.4) 11.3(0.3)"
AS 11.4(0.4) 11.7(0.3)
Al-AS 45.2(1.4) 51.5(1.1)°
B 5.8(0.3) 5.9(0.3)
A6 8.4(0.5) 10.4(0.4)"
A7 9.7(0.4) 10.7(0.4)"
Recognition  13.5(0.3) 14.6(0.1)"

MVAVLT scores are expressed as mean (SEM). Pre- and post-
intervention scores were compared using paired t-test. “P<0.05 was
considered statistically significant.

Postmenopausal women who had fulfilled the criteria
were briefed concerning the nature of the study and their
consent to participate was taken. During the initial visit,
participants’ verbal learning and memory performance was
assessed and blood was obtained for oxidative stress
levels/activities. The participants received 20 gm TH sachet
for 16 weeks. Their health status and compliance were
monitored at 8 weeks. After 16 weeks, their verbal learning
and memory performance and oxidative stress status were
reassessed.

Determination of memory performance

The participants’ verbal learning and memory
performance were assessed using the Malay version of the
Auditory Verbal Learning Test (MVAVLT) as previously
described [37, 39]. The test consists of two different lists (A
and B) of 15 unrelated words. The list A was read over five
different trials and the participants were asked to repeat it
(A1 to AS). Another list of 15 unrelated words (List B) was
read and the participants were asked to repeat it (B).
Immediately after that the participants were asked to recall
words in list A (A6) without prior presentation of list A.
After 20 minutes of rest, the participants were asked to recall
the words in list A. Finally, the participants were asked to
recognize the words from list A interspersed among
semantically or phonetically related words in the third list
that comprised 30 words. The score from Al to A5 trials
represents immediate auditory-verbal memory. Total
learning score (Al + A2 + A3 + A4 + AS) represents the
memory acquisition. Scores from B, A6 and A7 trials
represent the interference, immediate memory after
interference and delayed memory, respectively. The
recognition score reflects the ability of the participants to

Table 3. Blood oxidative stress level/activity of the participants at pre- and post-intervention.

Pre- intervention

Post-intervention

Blood GSH: GSSG ratio 252 (7.6) 39.7 (11.5)
Plasma SOD (U/ml) 0.068 (0.005) 0.060 (0.005)
Plasma CAT (nmol/min/ml) 4.1(0.5) 5.6 (0.5)"
Plasma GPx (nmol/min/ml) 75.3(5.5) 90.1 (6.5)"
Plasma 4-HNE (pg/ml) 3.6 (0.23) 3.1(0.23)*

Values are expressed as mean (SEM). GSH:GSSG, ratio of reduced to oxidized glutathione; glutathione peroxidase (GPx); 4-
hydroxynonenal (4-HNE); catalase (CAT) and superoxide dismutase (SOD). Statistical comparisons were made between pre- and
post-intervention using paired ¢ test. “P< 0.05 was considered statistically significant.
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recognize words from list A.
Determination of blood oxidative stress level/activity

Blood samples for the determination of oxidative
stress level/activity were collected into appropriate EDTA
bottles. A total of 150 pl whole blood was used for the
determination of reduced glutathione to oxidized glutathione
(GSH:GSSQ) ratio. The remaining blood was centrifuged at
1000g for 10 minutes at 4°C to obtain plasma, aliquoted and
stored at -80°C until assayed.

The blood GSH:GSSG ratio, plasma catalase (CAT),
superoxide dismutase (SOD) and glutathione peroxidase
(GPx) were determined using a commercially available kit
(Calbiochem,  Darmstadt, = Germany). Plasma  4-
hydroxynonenal (4-HNE) was ascertained using the
Oxiselect HNE-His adduct Elisa kit (Cell Biolab Biolabs,
U.S.A.). Procedures for the wverification of antioxidant
enzymes and lipid oxidative damage were in accordance
with the manufacturer’s protocol.

Statistical analysis

The results were analyzed using PASW Statistics
version 20 software. A paired ¢ test was used to examine the
differences in MVAVLT scores and blood oxidative stress
values before and 16 weeks after TH supplementation.
Pearson correlation coefficient was used to examine the
association between the changes in blood oxidative stress
level/activity and the changes in memory performance. A
probability values < 0.05 was considered statistically
significant.

Results

A total number of 39 postmenopausal women
participated in this study and the participants’ characteristics
are summarized in Table 1. To ensure that participant’s
blood glucose levels did not confound the memory
performance, we have measured the fasting blood glucose
(FBS) at pre- and post-interventions. The results showed no

Table 4. Correlation between the changes in blood oxidative stress levels/activity and the changes in

memory performance.

A GSH:GSSG A SOD A CAT A GPx A 4-HNE
A Al -0.10 0.65 0.72 0.75 0.19
A A2 0.22 0.13 0.65 0.87 0.06
A A3 0.26 0.11 0.90 0.50 0.94
A A4 -0.02 0.12 0.42 0.33 0.39
A AS 0.10 0.80 0.82 0.86 0.37
A A1-AS 0.12 0.11 0.71 0.06 0.89
A Bl 0.14 0.40 0.30 -0.04 0.53
A A6 0.13 0.94 0.17 0.41° 0.73
A A7 0.07 0.20 0.08 0.22 0.25
A Recognition -0.04 0.80 0.32% 0.19 0.71

Values are expressed as correlation coefficients (r).

A GSH:GSSG, changes in the ratio of reduced to oxidized glutathione; A GPx, changes in the activity of glutathione peroxidase; A 4-
HNE, changes in the level of 4-hydroxynonenal, A CAT, changes in the activity of catalase; A SOD, changes in the level of
superoxide dismutase. “P< 0.05 was considered statistically significant.
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significant difference in the FBS at pre-and post-
intervention. (5.40 £ 0.23 mmol/L and 5.63 + 0.20 mmol/L,
respectively).

The mean MVAVLT scores before and 16 weeks
after TH supplementation were compared for each trial using
a paired ¢ test as shown in Table 2. The mean scores for
trials Al, A2, A3 and A4 (immediate memory) were
significantly increased when comparing before and 16 weeks
after TH supplementation. The mean scores for total learning
were significantly increased after TH supplementation when
compared to its baseline value. The mean scores for trials A6
(immediate memory after interference with list B), A7
(delayed memory) and recognition memory were also
significantly increased when contrasting before and after
TH.

The oxidative stress levels/activities measured at
before and after TH in postmenopausal women are
summarized in Table 3. The plasma CAT and GPx activities
were significantly increased after TH supplementation. The
blood GSH:GSSG ratio, an indicator of oxidative stress, was
increased but was not statistically significant. There
appeared almost no change in the plasma SOD activity after
TH supplementation. The plasma 4-HNE levels, however,
showed considerable reduction after 16 weeks after TH
supplementation.

The Pearson correlation coefficient revealed a
significantly positive association between the changes in
trial A6 scores (immediate memory after interference) and
the changes in plasma GPx and between the changes in
recognition and the changes in plasma CAT. No associations
were found between the changes in other oxidative stress
levels/activities and the changes in scores of other trials
(Table 4).

Discussion

The present study found improvement in learning,
immediate, delayed and recognition memory after 16 weeks
of TH supplementation. The learning and memory
improvement may be explained by increased neuronal
proliferation in the specific hippocampal regions that is
associated with learning and memory in ovariectomised rats
treated with TH [38]. The neuronal proliferation could be
attributed to the antioxidant properties of TH.

In a study on nine different Malaysian honey from
different origins using Manuka honey as a gold standard, TH
has been shown to have more free radical scavenging and
antioxidant activity than other honeys [40, 41]. TH has total
phenolic content of 251.7 = 7.9 mg gallic acid/kg honey,
total antioxidant activity of 322.1 + 9.7 uM Fe(Il)) and
antiradical activity of 41.30 = 0.78 (% inhibition) [42]. The
main groups of phenolic compounds present in honey are in
the forms of flavonoids such as catechin, kaempferol,
naringenin, luteolin and apigenin [41].

Flavonoids if taken at high concentrations are able to
regulate estrogen receptor activity by selectively modulating

the membrane and nuclear actions without interfering with
estrogen receptor activities in other tissues or organs [44,
45]. Studies by Youdim et al. indicated that certain
flavonoids were able to penetrate the blood brain barrier
(BBB) in vitro and in situ models [46-48]. Flavonoids also
have the ability to interact with neuronal signaling pathways
[49, 50] and have potential to inhibit neuroinflammatory
processes in the brain [51, 52].

Based on the above data, there is a possible
association between oxidative status and memory
performance. Thus the present study aimed to examine the
association between the changes in blood oxidative stress
level/activity and the changes in memory performance in
postmenopausal women receiving TH.

The present study revealed no significant correlation
between the changes in blood oxidative stress level/activity
and the changes in memory performance except for the
changes in the plasma GPx and the changes in trial A6
scores and between the changes in plasma CAT and the
changes in recognition scores. Our findings are supported by
a recent study which reported no tight association between
the increased cholinergic neurons density in hippocampus
that is associated with learning memory and the decreased
MDA level in hippocampus [53].

In the present study, it is possible that the learning
and memory enhancing effect of TH occurred partly via the
increased plasma GPx and CAT activities which in turn gave
rise to the decreased plasma HNE level. However, we could
not exclude other beneficial effects of TH such as
improvement in brain cholinergic system (unpublished),
increased BDNF levels [54] and enhanced cerebral blood
flow, and all these may contribute to the learning and
memory improvement.

Our suggestions on the effects of oxidative stress on
cognitive function are supported by findings from previous
studies [53, 55, 56]. Palumbo et al. [55] reported that chronic
psychosocial stress-induced reactive oxygen species (ROS)
in the hippocampus caused morphological changes in the
hippocampal CA3 region and a decline in cognitive function.
Thus, chronic stress-induced ROS and the consequent
oxidative damage may contribute to impairment in cognitive
function. Another previous study by Kuhad and colleagues
[56] reported that oxidative stress in the diabetic rat brain
caused cognitive dysfunction and antioxidant treatment
improved the cognitive dysfunction. Wattanathorn et al. [53]
suggested that the cognitive enhancing effect of M. indica
extract occurred partly via the increased SOD and GSH-Px
activities which in turn gave rise to the decreased MDA
level in hippocampus. The decreased oxidative stress in turn
induced the increased cholinergic neurons density and
resulted in the improved spatial memory. However, they
could not exclude other factors which may play a role in
learning memory including the enhanced cerebral blood flow
and the alteration of other neurochemical systems [53].

In conclusion, 16 weeks of TH supplementation
increased blood antioxidant capacity and reduced lipid
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oxidative damage. Most of the changes in blood oxidative
stress levels/activities, however, were not significantly
correlated with the changes in memory performance of
postmenopausal women.
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