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หลักการและวัตถุประสงค์: เมลาโทนิน หรือ N-acetyl-
5-methoxytryptamine มคีณุสมบตัเิป็นสารต้านอนมูุลอสิระ 
(antioxidant) และ free radical scavenger เมลาโทนิน
ควบคุมการสร้างเซลล์ประสาทใหม่ (neurogenesis) และ 
ส่งผลดีต่อความจ�าในหนูแรทโตเต็มวัยจากการศึกษาก่อน
หน้าน้ีพบว่า 5-fluorouracil (5-FU) ซึ่งเป็นยาเคมีบ�าบัดที่
ใช้ในการรักษาโรคมะเร็ง เป็นสาเหตุท�าให้เกิดภาวะความ
จ�าบกพร่อง การศึกษานี้จึงได้ศึกษาผลของเมลาโทนินต่อ
ภาวะความจ�าบกพร่องที่เกิดจากการถูกเหนี่ยวน�าด้วยยา
เคมีบ�าบัด 5-FU 
วิธีการศึกษา: หนูแรทเพศผู้สายพันธุ์ Sprague Dawley  
ถกูแบ่งออกเป็น 6 กลุม่ ได้แก่ กลุ่ม control, กลุ่ม melatonin, 
กลุ่ม 5-FU, กลุ่ม preventive, กลุ่ม recovery และกลุ่ม 
throughout โดยที่หนูได้รับเมลาโทนิน (8 มิลลิกรัม/กิโลกรัม/
วัน) โดยการฉีดทางหน้าท้อง วันละ 1 ครั้ง เวลา 19.00 น. 
เป็นเวลา 21 วัน และได้รับยาเคมีบ�าบัด 5-FU (25 มิลลิกรัม/
กโิลกรัม/วนั) ทางหลอดเลอืดด�า 5 ครัง้ ทกุๆ 3 วัน โดยเริม่ให้ใน
วนัที ่9 ของการทดลอง หนกูลุ่มทีไ่ด้รบัยาเคมบี�าบัด 5-FU ร่วม
กับเมลาโทนินได้รับเมลาโทนิน วันละ 1 ครั้ง เวลา 19.00 น.  

Background and Objective: Melatonin (N-acetyl-5- 
methoxytryptamine) has antioxidant properties and  
functions as a free radical scavenger. Interestingly,  
melatonin modulates neurogenesis and has positive 
effects on memories in adult rats. 5-fluorouracil (5-FU) 
chemotherapy is widely used to treat cancer and causes 
memory deficits. The present study investigated the effects 
of melatonin on memory deficits induced by 5-FU.
Methods: Male Sprague Dawley rats were divided into 
6 groups; control, melatonin, 5-FU, preventive, recovery 
and throughout groups. Melatonin (8 mg/kg/day) was  
administered by intraperitoneal injection once a day at 
7.00 pm. for 21 days. Rats received 5-FU (25 mg/kg/day) 
by intravenous injection 5 times every 3 days starting on 
day 9. In co-treatment groups, 5-FU-treated rats received  
melatonin once a day at 7.00 pm. for 21 days during treatment  
(day 1 to day 21, preventive group) or after treatment (day 
22 to day 42, recovery group) or both time periods (day 
1 to day 42, throughout group). After that, the memories 
were determined using novel object location (NOL) and 
novel object recognition (NOR) tests.
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Introduction
Memory deficits and dementia are universal  

problems. There are many factors that cause memory 
deficits such as stress1, depression2, brain trauma3 
and aging4. Especially, treating cancer patients with  
chemotherapy drugs leads to memory deficits and  
decreasing neurogenesis5. 5-FU is a chemotherapy 
drug used in the treatment of cancers such as breast,  
colorectal and skin cancers. 5-FU inhibits DNA 
synthesis and causes RNA damage by its active  
metabolite such as fluorodeoxyuridine monophosphate 
(FdUMP), fluorodeoxyuridine triphosphate (FdUTP) 
and fluorouridine triphosphate (FUTP). The drug easily 

crosses the blood-brain barrier and then decreases 
neurogenesis6,7. A previous study has shown that 5-FU 
reduces cell proliferation and survival in the subgranular 
zone (SGZ) of the dentate gyrus which is associated 
with memory deficits8. Melatonin has antioxidant  
properties that enhance neurogenesis4. A previous 
study has suggested that melaton in promotes precursor 
cell survival in vitro9. In animal models, melatonin 
can improve learning and spatial memory impairments 
induced by hyperhomocysteinemia10 and D-galactose4, 
respectively. There are no evidences about the effects  
of melatonin on memory deficits caused by 5-FU. 
The hypothesis of this research was to investigate 

Results: The results showed that weight gain of co-treated 
with melatonin groups was significantly less than control 
group. All groups were not significantly different in the  
total exploration time in both NOL and NOR tests. Rats in  
co-treated groups could significantly discriminate the 
object between novel and familiar locations in NOL test. 
On the other hand, co-treatment with melatonin failed to 
discriminate novel and familiar objects in NOR test.
Conclusion: This study demonstrated that co-treatment with 
melatonin during or after or both time periods ameliorated  
spatial memory deficits but co-administration with  
melatonin did not relieve declarative memory deficits. 
So, this study demonstrates that spatial memory deficits  
caused by 5-FU could be attenuated by melatonin  
administration.
Keywords: 5-fluorouracil, melatonin, memory

โดยหนูกลุ่ม preventive ได้รับเมลาโทนินในช่วงวันที่ 1-21 
ของการทดลอง หนูกลุ่ม recovery ได้รับเมลาโทนินในช่วง
วันที่ 22-42 ของการทดลอง ส่วนหนูกลุ่ม throughout ได้รับ
เมลาโทนินตลอดการทดลองจากวันที่ 1-42 จากนั้นหนูได้ถูก
ทดสอบความจ�าโดยวิธี novel object location (NOL) และ 
novel object recognition (NOR)
ผลการศกึษา: พบว่าหนกูลุ่มท่ีได้รบัยาเคมบี�าบัด 5-FU ร่วม
กับเมลาโทนินทุกกลุ่ม (กลุ่ม preventive, กลุ่ม recovery 
และ กลุ่ม throughout) มีการเพิ่มของน�้าหนักน้อยกว่ากลุ่ม 
control อย่างมีนัยส�าคัญทางสถิติการทดสอบความจ�าด้วย
การทดสอบ NOL และ NOR พบว่าหนทูกุกลุม่ใช้เวลารวมใน
การส�ารวจวัตถุไม่แตกต่างกัน จากการทดสอบ NOL พบว่า 
หนูที่ได้รับยาเคมีบ�าบัด 5-FU ร่วมกับเมลาโทนินทุกกลุ่ม
สามารถแยกวัตถุในต�าแหน่งใหม่ออกจากต�าแหน่งเก่า 
แตกต่างอย่างมนียัส�าคญัทางสถิต ิในทางกลับกนัการทดสอบ 
NOR พบว่าหนูไม่สามารถแยกวัตถุใหม่ออกจากวัตถุเก่าได้
ในหนูทุกกลุ่มที่ได้รับยาเคมีบ�าบัด 5-FU ร่วมกับเมลาโทนิน
สรุป: จากการศึกษาพบว่าการได้รับเมลาโทนินทั้งในช่วง
ระหว่างท่ีได้รบัยาเคมบี�าบดั 5-FU ช่วงหลงัได้รบัยาเคมีบ�าบดั  
5-FU หรือได้รับตลอดการทดลองมีผลท�าให้การบกพร่อง
ของความจ�าชนิด spatial ดีขึ้นได้ ในขณะที่การได้รับ 
เมลาโทนินร่วมกับยาเคมีบ�าบัด 5-FU ไม่ท�าให้ความจ�าชนิด 
declarative ดขีึน้ดงัน้ันการศกึษาน้ีจงึแสดงให้เหน็ว่าความจ�า
บกพร่องชนิด spatial ที่เกิดจากยาเคมีบ�าบัด 5-FU สามารถ
ดีขึ้นได้เมื่อได้รับการรักษาร่วมกับเมลาโทนิน
ค�าส�าคัญ: ไฟฟ์-ฟลูออโรยูราซิล, เมลาโทนิน, ความจ�า
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the possibility of melatonin to improve memory 
deficits caused by 5-FU. 

Materials and Methods
Animals and treatment
 Male Sprague Dawley rats (National Laboratory 
Animal Center, Mahidol University, Bangkok, Thailand) 
weighing 180-200 grams were used for all experiments. 
The experimental protocols were approved by the Khon 
Kaen University Ethics Committee in Animal Research 
(project number. ACUC-KKU-45/2559). Rats were 
group-housed in a 12 h light/dark cycle with ad libitum 
food and water. Seventy two rats were randomly divided 
into 6 groups and allowed to habituate for 7 days before 
drug administration. 5-fluorouracil (5-FU) and melatonin 

were purchased from Boryung pharmaceutical co., Ltd., 
Korea and MP Biomedical, LLC, France, respectively.

On day 9 of the experiment, rats were administered 
with 5-FU (25 mg/kg, 5 i.v. doses every 3 days) in 5-FU, 
preventive, recovery and throughout groups. Rats were 
administered with saline solution (5 i.v. doses, every  
3 days) and 10% ethanol (i.p. 1 time/day from day 1 to day  
21) in control group. In addition, rats were treated with  
melatonin (8 mg/kg, i.p.1 time/day) for 21 consecutive 
days at 7.00 p.m. in melatonin (day 1 to day 21), preventive  
(day 1 to day 21) and recovery (day 22 to day 42) 
groups. Finally, rats were treated with melatonin for 42 
consecutive days in throughout group (day 1 to day 
42) (Fig. 1).

Figure 1 Timeline of drug administration and behavioral tests.

Behavioral testing
Novel object location (NOL)
The NOL test were used to determine spatial working  

memory. The method consisted of an arena (open 
quadrate box, dimensions 50 cm wide x 50 cm long x 
50 cm high) and plastic bottles filled with water to weigh 
them down. One day before NOL test, animals were  
habituated by allowing them to freely explore an open-field  
arena in the absence of objects for 30 minutes. The next 
day, animals were habituated again for 3 minutes. In the 
familiarization trial, two similar objects were placed in 
separate locations in the arena and each animal was 
allowed to explore the objects for 3 minutes. Then, the 
animals were rested to their home cages for 15 minutes 

(inter-trial interval) while the objects and the arenas were 
cleaned with 20% alcohol to remove olfactory cues. In 
the choice trial, the animals were returned to the arena 
for 3 minutes in which one object was remained in the 
familiar location whereas one object was moved to a 
novel location11.

Novel object recognition (NOR)
The NOR test were used to determine declarative  

memory. Similarly, animals were habituated in an  
open-field arena in the absence of objects for 30 minutes  
one day prior to NOR testing. In the familiarization trial, 
animals were habituated again for 3 minutes, two similar 
objects were placed in separate locations in the arena 
and each animal was allowed to explore the objects 
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for 3 minutes. Then, the animals were returned to their 
home cages for 15 minutes while the objects and the 
arenas were cleaned. In the choice trial, the animals 
were returned to the arena for 3 minutes in which  
familiar and novel object was placed in the same 
location. Exploration time of both NOL and NOR tests 
was recorded blind two times and averaged using  
a stopwatch. The discrimination index (DI) were used to 
evaluate both tests. The experiments were recorded by 
VDO camcorder (Version-052, OKER, Crown computer 
Co., Ltd, Bangkok, Thailand).

Statistical Analysis
Two-way ANOVA were used to determine animal 

weight among groups. One-way ANOVA was used to 

compare total exploration time of NOL and NOR tests. 
One sample t test was used to compare DI of NOL and 
NOR tests by using Graph Pad Prism 5.

Results
Effect of melatonin on weight gain

Weight gain of the animals in melatonin group 
showed no significant difference compared with control  
group (p>0.05, Fig. 2). While, weight gain of the  
animals in 5-FU group was significantly lower than control  
group (p<0.05, Fig. 2). Weight gain of the animals in 
co-treated groups was significantly less than control 
group (p<0.05, Fig. 2). These results indicate that 5-FU 
disrupted weight gain.

Figure 2 The weight gain of animals throughout the experiment. Arrows indicate 5-FU (25 mg/kg/day)/saline injection. 

Effect of melatonin on memories
There were no significant differences in the total 

exploration time in both behavioral tests (p>0.05, Fig. 
3A and 3B), indicating that none of the groups were 
impaired in their activity. The DI is defined as the ability 
to discriminate between two objects of the animals. DI 
was determined by calculating the difference between 
the exploration time of the novel and familiar locations 
or objects. In NOL test, animals in control, melatonin 
and co-treated groups could significantly discriminate 
the object between novel and familiar locations (p<0.05, 

Fig. 4A) but did not found in 5-FU group (p>0.05, Fig. 
4A). In NOR test, the animals in control and melatonin  
groups significantly discriminated between the 
novel and familiar objects (p<0.05, Fig. 4B) but not in  
preventive and recovery groups (p>0.05, Fig. 4B). 
Moreover, animals were failed to discriminate the 
objects in throughout group (p<0.05, Fig. 4B). The 
results indicate that co-treatment with melatonin  
improved spatial memory deficits in all groups whereas 
co-treatment with melatonin did not relieve declarative 
memory deficits.
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Figure 3 The total exploration time of the animals exploring all objects in NOL (A) and NOR tests (B).

Figure 4 The discrimination index of NOL (A) and NOR tests (B). (*significant difference compared to zero, p<0.05).

Discussion
In the present study, weight gain of 5-FU and  

co-treatment groups was lower than control group. 
This is consistent with a previous study, which has 
shown that 5-FU treated rats decrease weight gain6.  
It has been reported that 5-FU disrupts weight gain by 
decreasing intestinal absorption and inducing intestinal 
injury which causes mucositis12. These damages reduce 
mucosal DNA, RNA and protein content13 and increase 
mucosal permeability14, a factor of bacterial transloca-
tion from intestinal lumen to the blood stream15. These 
result in clinical syndrome of diarrhea, dehydration and 
weight loss16. In the present study, weight gain of rats 
in melatonin group was not significantly different when 

compared to control group throughout the experiment, 
indicating that melatonin does not interfere weight gain 
of rats.

The novel object location (NOL) and novel object 
recognition (NOR) are used as behavioral index by 
using the natural preference for novelty of rats11,17,18. 
The NOL test was chosen as a test of spatial memory 
which depends on hippocampus19. While, the NOR test  
was chosen as a test of declarative memory20 that is 
associated to medial temporal lobe. This lobe is a set 
of structures that is special for the hippocampus and 
adjacent cortical areas including entorhinal, perirhinal 
and parahippocampal cortex21. In this study, 5-FU 
group could not discriminate the objects placed in  
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different locations as demonstrated in discrimination 
index analysis of NOL test. This result is consistent with 
the previous study which has shown that 5-FU treated 
rats had a lower preference index than vehicle rats using 
object location recognition (OLR) test. It indicates that 
rats had memory deficit in spatial memory7. Additionally,  
5-FU chemotherapy affects newborn neurons by disruption  
of hippocampal neurogenesis5,7. Recently, it has been 
reported that 5-FU reduces cell proliferation and  
survival in the subgranular zone of dentate gyrus 
which is associated with memory deficits8. In addition, 
the present study demonstrated that 5-FU decreased  
the discrimination index in NOR test, suggesting that 
5-FU chemotherapy impaired declarative memory20. 
This result is in line with a previous study that showed  
significantly reduced preference of novel object in 5-FU 
treated rats compared to control rats. It indicates that 
5-FU chemotherapy affected perirhinal cortex function22. 
5-FU treated rats had a difficulty to receive incoming  
sensory information from the visual, olfactory and  
somatosensory23. It was reported that the perirhinal 
cortex plays an important role in object recognition 
memory24 because the perirhinal cortex is involved in 
object recognition. It is necessary to information about 
familiarity or novelty of an object18. 

Several studies reported positive effects of melatonin  
in term of memory. The present study showed results 
of discrimination index (DI) which co-treatment with 
melatonin rats (preventive, recovery and throughout 
groups) had the ability to discriminate between two 
objects located in familiar and novel locations using 
NOL test. These results demonstrated that melatonin 
ameliorated spatial memory deficits in 5-FU-treated rats 
received co-treatment with melatonin during (preventive 
group) or after (recovery group) or both (throughout 
group) time periods. Similarly, it has been reported that  
melatonin improved memory impairments in mice using  
Morris water maze (MWM) test which is a spatial memory  
test4. Melatonin increases pCREB (Phosphorylated  
cyclic AMP response element binding protein) in 
positive nuclei of the dentate gyrus. Immature neurons 
express CREB which is associated with hippocampal 
neurogenesis in adult mice25. Moreover, melatonin 

stimulates dendrite maturation26 and increases synaptic  
connectivity, Dendrite maturation and synaptic  
connectivity are important to hippocampal neuronal 
circuitry27. In the present study, animals could not  
discriminate novel and familiar objects in co-treatment 
of 5-FU and melatonin groups (preventive, recovery 
and throughout groups) using NOR test. Moreover, 
animals failed to discriminate the objects in throughout 
group. These results demonstrated that melatonin did 
not prevent and improve declarative memory deficits in 
any time periods of co-treatment groups. This suggests  
that melatonin improved spatial memory deficits in  
term of protective and recovery effects from 5-FU  
chemotherapy, but it did not show in declarative 
memory test.

Conclusion
This research showed that co-treatment with  

melatonin improved spatial memory deficits induced 
by 5-FU. While, co-administration with melatonin did 
not relieve declarative memory deficits. So, this study 
suggests that spatial memory deficits caused by 5-FU 
are attenuated by melatonin administration. The present 
study will be beneficial for cancer patients who are  
suffered from 5-FU chemotherapy treatment.
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