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ABSTRACT

Introduction: Zamzam water is blessed water originated from Mecca and is believed by Muslims to have
the ability to cure illness. This ability to cure illness is due to the fact that zamzam water has higher
concentration of minerals especially sodium, calcium and magnesium which play a vital role. Sodium is
reported to be involved in the regulation of the Mu-Opioid Receptor, which indirectly leads to the production
of cAMP. Hence, this current study was carried out to investigate the synergistic effects of zamzam water
and methadone combination on cAMP levels in human primary glioblastoma cell line (U-87 MG) after chronic
morphine administration. Materials and Methods: The time course and concentration of morphine on U-87 MG
cell line was determined. The U-87 MG cell line was incubated with morphine (25 pL/mL) for 24h, to make
the cell dependent on morphine and later treated with different combinations of 3.2 mL of zamzam water
and methadone (5, 10, 25 pL/mL). The levels of cAMP was determined using the enzyme-linked
immunosorbent assay kit. Results: The result revealed that 3.2 mL of zamzam water incubated with 10 pl/
mL of methadone significantly prevented the overshoot production of cAMP level (p<0.05) in U-87 MG cell
line after 48h incubation when compared to the untreated samples. Conclusion: These finding suggest that
co-treatment with zamzam water and methadone could possibly avoid tolerance and dependence on chronic
morphine treatment by preventing the up-regulation of cCAMP level.
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INTRODUCTION

Opioids such as morphine have been used for administration. These phenomenon is caused by the

thousands of years for the treatment of pain. It is
considered as the most powerful drug to relieve
pain. However, the development of tolerance,
dependence and severe withdrawal symptoms limit
the long-term use after repeated opioid
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adaptation that occurred to counteract prolonged
opioid receptor activation.” Adaptive changes have
been observed within the central nervous system at
difference organization level. It involves from the
alteration in receptor and cellular level to functional
modifications of different neuronal networks.?*
Cyclic adenosine 3’,5’-cyclic monophosphate (cAMP)
which is the second messenger produced by
activation of adenylyl cyclases plays a very
important role as a signal transducer in several
pathologic and physiologic settings. Series of study
have shown the involvement of cAMP in pain and
opioid-induced analgesia. It has been reported that
increased cAMP level is correlated with increase
nociception.’ In the case of acute effects of opioid
administration, activation of Mu-Opioid Receptor
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(MOR) by agonist will decrease the activity of
adenylyl cyclase and thus reduce the level of cAMP.®
CAMP levels is among the most altered during the
chronic administration of morphine. Chronic
administration causes cAMP overshoot following the
initial decrease in adenylyl cyclase activity.’
Similarly, Collier and Francis hypothesized that
elevated cAMP level following chronic morphine
exposure is related to opioid dependence.®

The best established molecular adaptation to
chronic drug exposure is the up-regulation of cAMP
pathway, a phenomenon first discovered in
cultured neuroblastoma X glioma cells’ and later
demonstrated in  neurons'® in response to
repeated opiate administration. Acute opiate
exposure inhibits the cAMP pathway in any types of
neurons in the brain'" whereas chronic opiate
exposure leads to a compensatory up-regulation of
the cAMP pathway in at least a subset of these
neurons.

Zamzam water is natural water that comes from a
well within the Holy Mosque about 20 meters east of
Ka’ba in Mecca City. This city is regarded as the most
sacred city for Muslims and is located in the western
part of Saudi Arabia about 70 km south of the city of
Jeddah on the coast of the Red Sea. Geographically,
it is located at 1399 ft above sea level at latitude 21°
26’ 48” N, longitude 39° 53’ 46’ E.” Millions of
Muslim drink zamzam water during pilgrimage and
umrah each year and tend to bring back the water to
their home country as a souvenir to their relatives.
Studies on zamzam water have reported its
therapeutic effects as an antioxidant, anticancer and
radioprotective agent.”>" In our previous study, we
reported that the combination of zamzam water and
methadone can reduce the morphine withdrawal
symptoms in rats'®'” however we did not study on the
cellular mechanism. Hence, the present study was
designed to investigate the preventive effects of
zamzam water and methadone combination
treatment on CcAMP level on human primary
glioblastoma cell line (U-87 MG).

MATERIAL AND METHODS
Materials
Zamzam water was obtained directly from Mecca and

was filtered using filter membrane 0.45 um to
prevent contamination. Human primary glioblastoma
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cell line (U-87 MG) which is an opioid receptor
expressing cell, were a gift from Cell Culture
Laboratory of UniSZA. RPMI 1640 medium, foetal
bovine serum (FBS) and penicillin/streptomycin were
purchased from Gibco (Invitrogen, USA). Morphine
sulphate and methadone hydrochloride were
obtained from PharmaServ Alliances. cAMP assay kit
was obtained from ABNOVA (USA).

Methods
U-87 MG

U-87 MG were seeded at 2 x 10°cells/flask and
grown in DMEM containing 10% FBS and 1% penicillin/
streptomycin sulphate in a humidified 5% CO, at 37°
C until it reached 60-70% confluence.

Optimization of Morphine Dependence on U-87 MG
Cell Line

U-87 MG cells (2 x 10° cells/well) were exposed to
fresh cell culture medium containing different
concentration of morphine (5, 10, and 25 pyL/mL) to
make the cells morphine dependent. Then, the cells
were incubated in 5% CO, at 37°C for 0, 6, 24, 48
and 72 hours and were assayed using ELISA kit.

Optimization of Effective Concentration and Time
Course of Methadone

After obtaining the time course and concentration
for morphine dependence, the cells were then
treated with fresh cell culture medium containing
different concentration of methadone (5, 10, and 25
ML/mL) to optimise the effective doses of
methadone. Then, cells were incubated in 5% CO, at
37°C for 3, 6, 12 and 24 hours and were assayed
using ELISA kit.

Treatment

After obtaining the optimum concentration and time
course of methadone for treatment, morphine
dependent cells were treated with different
compounds; zamzam water only, methadone only
and co-treatment with zamzam water with
methadone. For methadone only group, 10, 20 and
30 pyg/mL of methadone was added into the fresh
medium while for zamzam water only group, the
growth medium was replaced with fresh medium
containing 40% volume of zamzam water based on
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our previous study.®

For co-treatment group (zamzam water with
methadone), the growth medium was replaced with
fresh medium containing 40% volume of zamzam
water and 10 pg/mL of methadone (obtained from
the optimization). All the treatment groups then
were incubated in 5% CO, at 37°C for 3, 24 and 48
hours and were assayed using ELISA kit.

Measurement of cAMP level

Briefly, the medium of all treated and non-treated
U-87 MG cell line in 96 well plated were aspirated
and the cells washed with PBS. Then, the cells were
washed directly with sample diluent for 10 minutes
at room temperature and the cells were scraped off
from the plate. Samples were centrifuged at > 600 x
g at 4°C for 15 minutes. The supernatants were
collected and assayed directly by incubating the
samples in the antibody-coated well. Reagents were
added according to the protocol from the
manufactures. The plate was sealed and shaken at
room temperature for 2 hours. After washing
several times, TMB substrate was added into each
well and incubated for 30 minute followed by
adding the stop solution. The results were
determined by using a microplate reader set at
450nm.

STATISTICAL ANALYSIS

Data are presented as the mean # standard error
(SE). Statistical data were analysed using either a
one-way ANOVA, paired or unpaired Student’s t-
test, when appropriate. Statistical significance was
considered at p<0.05.

RESULTS AND CONCLUSION

Figure 1 shows the level of cAMP in different
concentrations and incubation periods of morphine
in order to optimise the concentration and time
course of the U-87 MG cell becoming morphine
dependent. Morphine with different concentrations
(5, 10 and 25 pM) were added to the different
incubation medium at time 0, 6, 24, 68 and 72 h.
The result showed that at 5 pM of morphine, there
was insignificant difference in the cAMP level as
compared to the control. In contrast, cells exposed
to morphine for 48 h produced chronic morphine
dependence as shown by the increase in the cAMP
level when compared to the control cell (p<0.05).
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These effects were observed when the cells were
exposed to morphine at higher concentrations, i.e.
10 and 25 pM. At the cellular level, morphine

dependence is characterised by a significant
elevation of cAMP levels.
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Figure 1: Levels of cCAMP at different concentrations and
incubation periods of morphine. Cells will become
morphine dependent after incubation with 10 and 25 pM of
morphine at 48 h onwards.

*statistically significant compared to control
(p<0.05).

group

To determine the effective concentration and time
course of methadone, the U-87 MG cell line was
exposed to 10 yM of morphine for 48 h and followed
by a series of treatment with methadone of different
concentrations (5, 10 and 15 pM). Methadone is the
common drug prescribed in the treatment of opioid
addiction because it has been proven to prevent the
compensatory increase in intracellular cAMP after
chronic morphine administration.’ As expected
there was a clear reduction of cAMP level in
methadone-treated cell line (p<0.05).

Methadone was shown to inhibit the cAMP levels
induced by morphine at concentrations of 10 and 15
UM after 6 h of incubation as shown in Figure 2.
Further study was carried out to determine whether
the combination treatment of zamzam water and
methadone will block the up-regulation of cAMP
produced by morphine dependent U-87 MG cell line.
In this combination, 10 yM of methadone and 3.2 mL
of zamzam water were incubated at difference
incubation periods of 3, 6, 12 and 24 hours. The
levels of cAMP was significantly reduced (p<0.05) in
the samples which received the combination of
zamzam water and methadone as compared to the
methadone only group as shown in Figure 3. These
effects were observed when the cells were treated
with zamzam water and methadone for 12 and 24
hour.
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Figure 2: Levels of cAMP in different concentrations
and incubation periods of methadone. After cells were
incubated with 10 pM of morphine for 48 h, cells were
then treated to different concentrations of methadone (5,
10 and 15 pM). Methadone was shown to significantly
inhibit the cAMP level induced by morphine at 10 and 15
UM after 6 h incubation.

* statistically significant compared to control group
(p<0.05).
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Figure 3: Levels of cAMP in different treatment
incubation periods. After cells were incubated with 10 uM
of morphine for 48 h, cells were then treated with 10 pM
of methadone only and combination of 10 pM of
methadone with 3.2 mL of zamzam water. Combination of
zamzam water and methadone was shown to significantly
inhibit the cAMP levels induced by morphine after 12 h
incubation.

*statistically significant compared to morphine only
group (p<0.05)

There is large volume of published studies proving
chronic exposure of opioids can cause adaptations in
some intracellular messenger pathways in several
brain regions. It is well understood that the best-
established mechanism underlying the development
of opioid dependence and withdrawal is the up-
regulation of cAMP pathway.?’ This up-regulation
and the subsequent activation of the transcription

factor  CREB have been identified as
major contributing factor for tolerance and
dependence.?"?

In this current study, the changes in cAMP at
cellular level after treatment with methadone only
and combination of zamzam water and methadone

IMJM Volume 18 No. 2, August 2019

were examined using ELISA kit. Human primary
glioblastoma formally known as cell line U-87 MG
cell line were used and analysed for the level of
CAMP. The reason of choosing U-87 MG cell line is
due to the ability of this cell to express MOR, in
which it is a receptor that is involved with opioid
dependence and tolerance.?

The effects of morphine on cAMP production using
different concentrations of morphine were
examined. It this study, morphine sulphate at the
concentration levels of 5, 10 and 25 pM reduces
CAMP production at 6 h until 24 h. Whereas
morphine sulphate at the concentration levels of 10
and 25 pM increase in cAMP level from 48 h until 72
h as shown in Figure 1. This suggests that the
development of chronic morphine dependence
starts from 48 h onward manifested by a rebound
of cAMP production. This finding is in line with
previous research findings®** which proved that
chronic morphine exposure effectively increases
CAMP levels.

Subsequently, the effects of CAMP production after
treatment with methadone only, zamzam water
only and co-treatment with zamzam water and
methadone were measured. The results of the
present studies showed that treatment with
methadone only reduced the level of cAMP when
compared to non-treated cell after 6 h. Methadone
only was used as a positive control in this study.
These results suggest that methadone can prevent
chronic morphine treatment-induced adaptive
sensitization or overshoot of adenylate cyclase
activity.” Methadone and morphine are similar
opioid receptor agonists but methadone has a
lower dependence potential than morphine and
is effectively used in the treatment of
opioid addiction, whereas morphine induces
dependence.?®

A similar effect was observed when cells were
incubated with morphine only for 48 h then treated
with either 3.2 mL zamzam water only for 12 h or
combination of 3.2 mL of zamzam water and
methadone (10 pM). These results suggested
zamzam water only and combination of zamzam
water and methadone can prevent the overshoot of
CAMP. The reason for this is not clear but it may be
related to the high mineral content especially
sodium in zamzam water which gives a synergistic
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effect when combine with methadone. Previous
study has shown that sodium can facilitate G
protein activation which leads to the endocytosis
process of MOR. Endocytosis was reported to have
the tendency to alleviate opioid dependence.? This
will prevent the overshoot level of cAMP in U-87 MG
cell line.
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