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ABSTRACT

Objectives: The objective of this study is to observe the preventive effect of black cumin oil (BCO) on spatial memory impairment due to temozolomide
(TMZ) treatment.

Methods: Female Swiss albino mice (n=28) were divided into four groups that received aquadest per oral (p.o), TMZ intraperitoneal (i.p) and aquadest
p.o, TMZ i.p and BCO 0.1 ml p.o, and TMZ i.p and BCO 0.2 ml p.o, respectively. After 9 weeks, the mice were subjected to Morris water Maze (MWM)
test. The time to find the platform (latency time) was analyzed as the indicator of memory performance.

Results: We found that mice treated with TMZ (i.p) spent significantly more time to find the platform during memory acquisition phase (on day 3)
than the other groups. Interestingly, the group treated with TMZ (i.p) and BCO 0.2 ml significantly had shorter latency time than the other groups,

indicating the preservation of spatial memory after TMZ treatment.

Conclusion: This result indicates that BCO can ameliorate the detrimental effect of TMZ on spatial memory in adult mice.
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INTRODUCTION

Increasing evidence shows that the adult mammalian nervous system
retains a capacity for self-renewal that is important for its normal
functions, such as learning and memory. The existence of neuronal
progenitor cells enables the generation of new neurons, so-called
neurogenesis process, in the structures that are involved in the
formation or integration of new memories. This process is regulated by
changes in the internal and external environment to further support the
normal behavior [1].

One of the important areas in the adult brain wherein neurogenesis
occurs is the dentate gyrus in the hippocampus. Hippocampus is part
of the limbic system that plays role in learning, remembering, and
emotional setting [2].

Neurogenesis can be hampered by chemicals or drugs that inhibit cell
proliferation. Temozolomide (TMZ) is an alkylating agent that is used
in chemotherapy for brain cancer. It breakdowns DNA strands and
thereby inhibits not only cancer cell but also neuronal progenitor cells
proliferation in the hippocampus. Changes in neurocognitive attitudes
and symptoms such as impairment in learning function and memory
are most commonly reported in adult and pediatric cancer patients
after chemotherapy [3].

Black cumin (Nigella sativa L.) is a plant from Rannculaceae family
that has been studied for its neuroprotective effect. The beneficial
effects of black cumin on learning, memory, and cognition in human
and animals models have been reported [4-6]. The results of animal
and human studies have shown that black cumin and thymoquinone
have antiepileptic properties [7]. Thymoquinone and BCO have
antioxidant effects during cerebral ischemia reperfusion injury in
rat hippocampus [8]. The plants from this family grow endemically
at some places in the Middle East and the Southern Mediterranean
countries. Conventionally, they are often used by the local community
as anti-inflammatory, anticancer, antiparasitic, antibacterial, and
antioxidant [9].

METHODS

Animals

Twenty-eight female Swiss albino mice (*25 g) were used for this
study. The animals were housed in the group in plastic cages and
acclimatized for 1 week before experiment. The mice were divided
into four groups: No TMZ, TMZ (i.p) and aquadest p.o, TMZ (i.p) and
BCO 0.1 ml p.o, and TMZ (i.p) and BCO 0.2 ml p.o, respectively. Black
cumin oil (BCO) was given every day for 9 weeks using oral gavage,
while TMZ was administered intraperitoneally in 3 consecutive days
weekly for 4 weeks starting from the 2™ week (Fig. 1). The experiment
has been approved by Health Research Ethical Committee, Medical
Faculty Universitas Sumatera Utara (No.238/TGL/KEPK FK USU-RSUP
HAM/2017).

TMZ

TMZ at the concentration of 25 mg/kg body weight was reported
effectively to suppress proliferation of neuronal progenitor cells by
more than 90% after 4 cycles of treatment [3].

The mice received injections of TMZ at 25 mg/kg (intraperitoneal.,
2.5 mg/ml in 0.9% NaCl), whereas the control group received a saline
injection. This regimen was given on the first 3 days of a week for
4 weeks to resemble paradigms used for glioma treatment in humans.
Behavioral testing was performed 4 weeks after the final TMZ injection
with Morris water maze (MWZ) test [3].

BCO

BCO was purchased from PT. Habbatussauda International, Bandung,
with the brand name Habbat’s Blackseed Oil. The dosage was 0.1 and
0.2 ml/days by oral gavage.

MWZ task

1 day after the last administration of BCO (on week 9), mice were tested
in the reversal version of the MWZ task [10] to locate a hidden escape
platform in a circular pool (1.8 m diameter). Water was made opaque by
non-toxic white paint and kept at a temperature of 19-20°C. Each mice
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was subjected to 6 trials a day for 5 consecutive days with an intertrial
interval of maximum 30 min. Platform position was changed after day 3
to the opposite quadrant (Fig. 2). Mice were dropped into the water from
different starting points each day and allowed to search for the platform
maximum up to 120 s. Mice were removed from the pool after finding the
hidden platform or were guided to the platform and allowed to sit there
for atleast 2s before being placed into a lamp-heated box. The time needed
by the each mouse to find the platform (latency time) was recorded [3].

Data analysis

The latency time for each day was obtained by calculating the mean of
latency time from all mice in each group per day. The mean comparison
among groups was analyzed by ANOVA with Tukey’s post hoc test in
Graphpad Prism® version 7 software (GraphPad Software Inc., USA).
The data were presented as mean * standard error of mean.

RESULTS

Learning capacity assessment
To assess the spatial learning capacity, the latency time of the mice to
find the submerged platform was compared among groups (Fig. 3).

Black Cumin Qil

W1 W2 W3 W4 W5 W6 W7 W8 W9

HE A1 1

T™MZ
W = Week

4 =Mz

Fig. 1: Experiment scheme
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Fig. 2: Platform position in Morris water maze test
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Fig. 3: Latency time during spatial acquisition and spatial reversal in Morris water maze test

Each group showed decreased latency time on day 2, indicating that the
mice learned to find the platform. However, on day 3, the latency time
of the TMZ-treated Group (P1) was increased again and higher than the
other group. This indicated that TMZ impaired the learning capacity.
Interestingly, BCO-treated Groups (P2 and P3) showed improvement in
their time to find the hidden platform on days 2 and 3, dose dependently.

The reversal learning on day 4 indicates whether the animals can
extinguish their initial learning. All group except Group P1 showed an
increase in latency time on day 4 compared to day 3. This indicated that
relearning process occurred in these groups. On day 5, we observed
that the latency time in all groups was lower than the previous day.
Interestingly, we found that BCO-treated mice had shorter latency time
dose dependently compared to control and TMZ only group.

Comparison of latency time

Latency time of each group per day is shown in Table 1. Latency time
on the 1% day of MWZ test in each group did not differ significantly
(p>0.05) because the animals were still doing the observation to found
the hidden platform and collecting. On the 2" day, there was a decrease
in latency time but not significantly different in all groups (p>0.05).
In this situation, the ability to remember the position of the platform
began to form based on the spatial clues around the pool (spatial
memory). On the 3™ day, there was a significant difference in latency
time between Group C versus P1 (p<0.05), P1 versus P2 (<0.01), and
also P1 versus P3 (p<0.01). On the 4™ day, a significant latency time
difference was found in Group C versus P3 (p<0.01) and in Group P1
versus P3 (p<0.01). On the 5% day, there was also a significant difference
on latency between Group C versus P3 (p<0.01), C versus P2 (p<0.01),
and P1 versus P3 (p<0.01).

DISCUSSION

Based on Table 1, it was found that groups that were given TMZ
significantly took longer time to find a hidden platform compared to
other groups, especially in the memory acquisition phase (day 3™).
This suggests that there is an effect of TMZ with spatial memory
function in mice. While the TMZ group and BCO significantly showed
faster time in finding the platform, even mice given 0.2 ml BCO
showed better memory functionality than either group either in the
acquisition phase or in the relearning phase (the 4™ day). The time
difference of latency to find a platform in the TMZ group with TMZ and
BCO showed an effect of BCO compared with non-cumin oil.

Cell proliferation is an early part in the formation of neurons and then
migrates and survives to become mature, integrated, and functioning as
new neurons (adult neurogenesis) [11]. Neurogenesis occurring in the
hippocampus of the adult brain plays a role in the process of memory
storage and neuronal repair processes due to disease as well as anxiety
in the brain [12].

The hippocampus is the part of the brain quickly. Decreased hippocampal
function may be due to increased age and exposure to chemical
compounds. Newly formed memory must pass through the hippocampus
before it is permanently stored. Damage to the hippocampus results in
the inability of the brain to form new memories [13].

The effects of BCO in preventing the decline in spatial memory ability
due to TMZ can be mediated by the efficacy of some substances
contained in BCO, including thymoquinone, phenolic compounds, and
fatty acids. Purwanto [14] mentioned that the content of phenolic
compounds epigallocatechin gallate in green tea can increase alanine-
glyoxylate aminotransferase (AGT) enzyme that functioned to transfer
the alkyl group attached to 06-guanin-DNA due to the carcinogenic
substance to the internal cysteine group on AGT enzyme so that DNA
becomes normal again. Thus, DNA damage due to alkylation process
can be avoided DNA damage due to alkylation process can be avoided.
The same mechanism can also occur in the administration of TMZ
(alkylating agent group) that works to alkylate the DNA at the position
of 06 guanine. Polyphenols contained in BCO may also have the same
properties as polyphenols in green tea that is able to increase AGT
enzymes in preventing DNA alkylation. Further research is required to
prove this hypothesis.

Thymoquinone is a major element of essential oil obtained from
Nigella sativa seeds known to have strong antioxidant properties [15].
Thymoquinone serves to protect the organs against oxidative damage
caused by various free radical-producing agents including effectively
protecting the damage of neurons in the hippocampus by lowering high
levels of malondialdehyde and elevated levels of glutathione, catalase,
and superoxide dismutase activity to normal levels [16]. In addition, the
fatty acids present in BCO may also activate and induce enzymes in the
peroxysomal {3 oxidation pathway which is a catalyst in the process of
cutting the acetyl CoA chains and resulting in acyl CoA, acetyl CoA, and
propionyl-CoA [17]. Acetyl CoA plays a full role in the synaptoplasmic
replication of cholinergic nerve terminals governing the synthesis of
acetylcholine [18]. As known acetylcholine is a neurotransmitter that
plays a role in learning and memory by increasing the rate of long-
term potentiation process in some parts of the brain including the
hippocampus [19].

In addition to thymoquinone, Nigella sativa oil is also a rich source of
phenols that builds up its antioxidant capacity [20]. Therefore Nigella
sativa oil is suggested to exert its effect through neuroprotective
mechanism by its antioxidant properties and modulates molecular
pathway through interfering cellular enzymatic reactions.

CONCLUSION

We found that mice treated with TMZ had worse spatial learning and
relearning capacity compared to control. The TMZ-treated mice those
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were supplemented with BCO significantly performed better in MWZ
test compared to the TMZ only group. Our result showed that BCO can
ameliorate the detrimental effect of TMZ on spatial memory in mice.
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