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Abstract

Background: The process of memory occurrence is complex and involves various parts of the brain such as the prefrontal cortex, hippocampus, and striatum, including the process of recording or coding information, storing and retrieving (recalling) information that is influenced by enzymes. Catechol-O-Methyl Transferase (COMT) is one of the enzymes that has the role of clearing (active) active catecholamine such as noradrenergic, adrenergic and dopamine which play a role in many brain functions such as learning and memory, motivation and behavior.
Aims The aim of this study was to analyze the relationship between the protein of the Catechol-O-Methyl Transferase (COMT) level and the memory capabilities of memorizing al-Qur'an (Hafidz al-Qur'an)
Method: This study done by quantitative research, using observational methods with cross sectional approach which conducted at the 50 students of Al Imam Ashim Putra Tahfizhul Al-Qur'an Boarding School. The memory ability of the samples was measured based on Intelligence Structured Tests (IST) sub-test 9 and Enzyme Linked Immunosorbent Assay (ELISA) examination was performed to determine COMT protein levels
Results: The ability of memory has a significant relationship and not in the same direction with age (r = -0.433, pValue = 0.02), but does not have a significant relationship with the length of memorization (r = -0.16, pValue = 0.915 and the number of memorization of the Quran(r = -0.14, pValue = 0.33)
Conclusion: there is a significant but not direct relationship between the protein level of Catechol-O-Methyl Transferase (COMT) genes and the memory ability in memorizing al-Qur'an (Hafidz al-Qur'an)
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Background
[bookmark: _Hlk21501018][bookmark: _Hlk21501042][bookmark: _Hlk21501060]The Catechol-O-Methyl Transferase (COMT) enzyme was first identified in 1958 (Axelrod and Tomchick, 1958). This enzyme is found in almost all body tissues and plays a role in the process of monoamine catabolism (Craddock et al., 2006). The physiological substrate of COMT includes L-dopa, catecholamine (dopamine, norepinephrine, and epinephrine), catecholestrogens, ascorbic acid, and dihydroxydol intermediates from melanin. In addition, some drugs and food products can also be metabolized by COMT such as triphenol, dobutamine, isoprenaline, rimiterol, α-methyldopa, benserazide, and flavonoids (Mannisto and Kaakkola, 1999).
[bookmark: _Hlk21501109][bookmark: _Hlk21501135][bookmark: _Hlk21501390]There are two forms of isoforms of COMT protein namely soluble protein (soluble-COMT / S-COMT) and membrane-bound protein (membrane-bound COMT / MB-COMT) (Craddock et al., 2006). S-COMT consists of 221 amino acids with a molecular mass of 24.4 kDa while MB-COMT is longer with 271 amino acids and a molecular mass of 30.0 kDa (Mannisto and Kaakkola, 1999). Both isoforms are found in almost all body tissues where S-COMT dominates in peripheral tissues such as the liver, kidneys, duodenum and adrenals while MB-COMT isoforms are more dominant in the brain, especially in the prefrontal cortex (Tenhunen et al., 1994). It is believed that S-COMT is especially important for the elimination of active or toxic catechol that come from outside the body (exogenous) while MB-COMT plays a role for dopamine and noradrenergic O-methylation (Myöhänen et al., 2010) in human especially ini hafidz Quran. In terms of language, hafidz is someone who can memorize the entire Qur'an. The process of memorization or hafazan comes from the root word hafz or hifz which means "to maintain" or "to maintain" (Mandzur, 2015). In Islam, the process of memorizing the Koran includes the spiritual aspects of the Koran not only being remembered but must also be absorbed in the heart and practiced in daily behavior (Wan Mahmud Khairi and Ashaari, 2015).
[bookmark: _Hlk21501220][bookmark: _Hlk21501234][bookmark: _Hlk21501373]Al-Qur'an is a scarcity (book) that has had such a wide and deep influence on the human soul. For Muslims, the Koran is a revelation from God that is the basis of religious belief, worship and law; guiding social and individual behavior (Bell, 1995). In addition, in the Qur'an there is also the story and history of the people of the past, future events, and science (Ash-Shiddieqy, 1992). 
[bookmark: _Hlk21501424]The Qur'an consists of 114 parts (surah) and 6236 verses (a small part of the Qur'an that stands alone). According to the calculations of some experts, the Qur'an contains 74437 sentences and 325345 letters (Ash-Shiddieqy, 1992). In the Koran, there are not only beautiful sentences with various styles of language but there are also aspects of beauty in the pronunciation of the Koran so that there is a beautiful harmonization between speech and meaning (Kasim, 2012). All of these things indicate that the person who is able to memorize the Qur'an all is surely a special person with good memory skills.
[bookmark: _Hlk21501407]In terms of language, hafidz is someone who can memorize the entire Qur'an. The process of memorization or hafazan comes from the root word hafz or hifz which means "to maintain" or "to maintain" (Mandzur, 2015). In Islam, the process of memorizing the Koran includes the spiritual aspects of the Koran not only being remembered but must also be absorbed in the heart and practiced in daily behavior (Wan Mahmud Khairi and Ashaari, 2015).
By its nature, memorization of the Koran in the hafidz can be classified as memory or explicit (declarative) memory because the Koran contains facts, events, and various information such as science, law and rules of behavior. daily. This type of memory involves conscious awareness and its work depends on the hippocampus and PFC (Kandel et al., 2014).
The brain can receive information and determine responses that are appropriate for similar stimuli in the future. The stimulus can be sensory, cognitive, emotional, social and endocrine input or a combination of several stimuli (Duman, 2002). Synapse plasticity both in the form of LTP and long-term depression (LTD) is generally believed to be the two main mechanisms of learning and memory (Malenka, 1994).
So far, LTP is one of the most studied cellular models with regard to learning and memory (Nicoll, 2017). Studies in rodents have shown that LTP inhibition is directly proportional to the decrease in spatial learning abilities. In addition, there is evidence of potentiation of synapses in the hippocampus area when exploring a new place or environment. Inhibitory interneuron activity is also inhibited, a condition that can facilitate synaptic modification (Malenka, 1994).
Although LTP is found in synapses in all areas of the brain, there are several forms of LTP that are affected by the type of synapse, stimulation parameters, the time period after LTP is induced, and a person's age. For example, LTP in the CA1 hippocampus area depends on NMDA receptor activation and mainly plays a role in post-synapse modification while LTP in the CA3 area of ​​pyramidal cells does not depend on NMDA receptors and occurs in pre-synaptic neurons (Nicoll, 2017).
[bookmark: _Hlk21501491]LTP can be activated quickly, reinforced by repetition and has the property "specificity" and "associativity" (Gulpinar and Yegen, 2004; Nicoll, 2017). LTP only occurs at synapses stimulated by afferent activity and not on adjacent synapses at the same post synapse ("specificity") (Malenka, 1994). In addition, the activation of two different inputs, one of which is a weak input and fails to trigger LTP, can produce a strong LTP as long as it is activated together with a strong input ("associativity") (Nicoll, 2017). This trait resembles classical conditioning and can be considered as a cellular analogy of the associative learning process (Malenka, 1994). Subsequent research shows that there are two things needed for LTP, namely synaptic stimulation and post synaptic depolarization. High frequency signals are not always needed to stimulate synapses (Nicoll, 2017).
 


Method
Design of this research is a quantitative study using observational methods with cross sectional approach which conducted at the Al Imam Ashim Putra Tahfizhul Al-Qur'an Boarding School at Jalan Tidung Mariolo Lorong 7 No. 1 Makassar (campus 1),
All students (180 students) become the population and sample size is estimated based on the formula:
           n = Zα2PQ
                    d2
n = Minimum sample size
Zα = Standard value for 0.05 = 1.96
P = Proportion of variables studied 5% = 0.15
Q = 1-P = 0.85
d = The desired level of absolute precision = 0.1

The minimum number of samples in this study:
n = (1.96) 2 (0.15) (0.85)
                  (0.1) 2
    = 49 samples
Inclusion sample includes: 
1. Students who memorize the Qur'an and attended a minimum of one year of education, 
2. Male.
3. Willing to be included as a research sample and sign informed consent.
While the Exclusion Criteria include:
1. There is a history of seizures or abnormalities caused by disorders of the central nervous system
2. Have undergone brain surgery procedures
3. There is a history of organic mental disorders
4. There is a history of psychotic disorders
The memory ability of each respondent was measured based on Intelligence Stuctured Tests (IST) Sub Test 9. The memory sub test (sub 9th test) consists of 20 questions, will produce the overall memory test capability and also produce LTM and STM classification.
a. 	Stages of Memory Test
In the Memory sub-test, participants are asked to memorize 25 words that represent 5 specific words (1 important word will be represented by 5 specific words) for 3 minutes on a separate sheet with questions. After 3 minutes, participants are asked to fill in biodata and some important identities for 3-5 minutes. After 3-5 minutes, participants are asked to work on 20 questions related to words that have been memorized before. The workmanship took about 6 minutes.
b. 	Enzyme linked Immunosorbent Assay (ELISA) to determine levels of COMT protein.
     Serum samples were added with 100 µL assay diluent containing buffer protein. Next 100 μL of standard liquid containing recombinant COMT from the specified KIT was added. Next, it was incubated for 2 hours at room temperature and then washed with Phosphate Buffered Saline (PBS), carried out 4 times in a row. Then 200 µL of the conjugate fluid was added which contained a horseradish peroxidase (HRP) streptavidin (HRP) and incubated for 2 hours at room temperature, then read using ELISA Reader 270 (Biomerieux, France) with a wavelength of 450 nm in 30 minutes. Next, read the COMT protein concentration in units of ng / ml (Anti-COMT antibody ab51984, ABCAM).


Result and Findings
Table 1 Sample Distribution by Age
	

	Age (year)
	N 
	%

	13 
	2
	4

	14 
	10
	20

	15 
	11
	22

	16 
	5
	10

	17 
	11
	22

	18 
	6
	12

	20 
	2
	4

	21 
	3
	6

	Total
	50
	100



From table 1, above, it appears that most of the samples category are still in the age of children, which is under 18 years (90%), which of course still has a high ability of regeneration and plasticity of neurons.

Table 2.  Samples Distribution Based on Memorization Time
	Age group (year)
	N 
	%

	≤ 2 
	33
	66

	> 2 
	17
	34

	Total
	50
	100



Table 2 illustrates that the time used to memorize al-Qu'ran in most (66%) of the sample is still relatively short, under or equal to two years
   
Table 3. Sample Distribution Based on Number of Memorizations

	Group of memorizations
	N
	%

	1-10 juz
	21
	42

	11-20 juz
	25
	50

	21-30 juz
	4
	8

	Total
	50
	100




Table 3 above shows that the majority (92%) of the samples have memorization amounts below 20 juz.


 Table 4. Sample Distribution Based on Memory Capabilities
	Group of memory 
	N 
	N

	Long Term Memory
	30
	60

	Short Term Memory
	20
	40

	Total
	50
	100


From table 4, it appears that most of the samples (60%) have the ability to long term memory.















Table 5. Analysis of the relationship of COMT protein with age, memorization time and number of memories
	Variabel 
	COMT Protein Levels

	
	R
	pValue

	Age
	-0.,455
	0,001

	Time Of Memorization
	0,23
	0,874

	Number of Memories
	-0,13
	0,356




Table 6. Analysis of the relationship of COMT protein levels with memory ability

	Variabel 
	COMT Protein Level

	
	R
	pValue

	Memory Ability
	0.,965
	0.00




Table 7 Analysis of the Relationship between Q protein and Q number of memories

	

	
	Q protein
	Q memory

	Spearman's rho
	Qprotein
	Correlation Coefficient
	1.000
	-.149

	
	
	Sig. (2-tailed)
	.
	.303

	
	
	N
	50
	50

	
	Q memory
	Correlation Coefficient
	-.149
	1.000

	
	
	Sig. (2-tailed)
	.303
	.

	
	
	N
	50
	50


From table 7 above, it appears that the h COMT protein levels has a non-directional and insignificant correlation with the amount of memorization of the Qur'an possessed.















Table 8. Analysis of the relationship between COMT Qprotein and the number of memorization
	
	Qprotein
	Total

	
	1.00
	2.00
	3.00
	

	Q memory
	1.00
	Count
	37
	6
	1
	44

	
	
	% within Qprotein
	86.0%
	100.0%
	100.0%
	88.0%

	
	2.00
	Count
	4
	0
	0
	4

	
	
	% within Qprotein
	9.3%
	0.0%
	0.0%
	8.0%

	
	3.00
	Count
	2
	0
	0
	2

	
	
	% within Qprotein
	4.7%
	0.0%
	0.0%
	4.0%

	Total
	Count
	43
	6
	1
	50

	
	% within Qprotein
	100.0%
	100.0%
	100.0%
	100.0%




From table 8 it appears that, if COMT Protein levels are low then the amount of memorization is also low, but high protein levels will not always give a high amount of memorization as well.

Discussion
Based on the results of research and data analysis, of the three factors (age, memorization time and number of memorization), the only one that has a significant correlation with COMT protein levels is age, although not in the same direction. While the length of memorization and the number of memories does not have a significant correlation. This means that as you age, COMT protein levels will decrease. COMT Protein levels which decreases with increasing age, will ultimately affect the ability of memory, so that memory capacity will decrease with age. This is thought to be related to the ability to form new synapses and dendrite branching which also decreases with age and is influenced by COMT protein levels.
This is in line with research conducted by Burke and Barnes, 2016, who conducted studies on mice, and found that old age is associated with deficits in the process of inducing and maintaining LTP and improving the LTD process.
[bookmark: _Hlk21502083]LTP and LTD as a process of plasticity that occurs in synapses, are believed to be the two main mechanisms that greatly affect the ability of memory, especially LongTerm Memory (Malenka, 1994). Hebb research in 1948, which first discovered that the learning process and memory in the brain physiologically occur in the brain. A certain experience causes an impulse to appear on neuron A. When the impulse reaches the synapse, the neurotransmitter is released to neuron B. Repeated impulses then strengthen the synapse. After many repetitions, connections between neurons become stronger and firing speeds also increase (Goldstein, 2011). This phenomenon is referred to as LTP, which in fact will experience a deficit with age.
[bookmark: _Hlk21502066]In addition, older age will also cause a decrease in the number of dendritic branches and a decrease in the number of synapses (Burke and Barnes, 2006).
The results of this study also showed a very strong and direct relationship between memory ability and COMT Protein Levels with a significant correlation value (pValue = 0.00).
This contradicts some previous studies, which found that COMT protein levels had a correlation that was not in the same direction as memory ability. Which means that, as levels of COMT protein increase, memory capacity decreases.
According to Mannisto and Kaaakkola, 1999, the main function of COMT is to eliminate active (and / or toxic) catecholamine and several other hydroxyl metabolites. However, catecholamine elimination generally occurs through a reuptake process, which is the process of transporting the active substance back into the cell. Which means that COMT will play a role in the place where the reuptake process is experiencing obstacles. For example, the process of inactivation of dopamine in most tissues is mediated by dopamine transporters (DAT) pre-synaps which transport dopamine back into cells for further degradation by the enzyme monoamine oxidase (MAO) (Savitz et al., 2006). Therefore, the role of COMT will stand out in networks where DAT exists in a limited number.
In the brain, COMT can affect the amount of active dopamine and norepinephrine, so that it may be involved in cognitive function, mood and other mental processes (Manisto and Kakola, 1999). In studies of the general polymorphism of the COMT gene, Val158Met, shows that individuals with high COMT activity (Val alleles) show physiological responses to PFCs that are less efficient during cognitive testing compared with individuals with low COMT activity (meta alleles) (Enoch et al., 2009).
Thus it can be concluded, that in the process of forming one's memory ability, COMT is only one of the influencing factors. There are other factors that influence the maximum or not the work of the COMT in shaping a person's memory ability, which in this study was not examined. Therefore, it is recommended for further research, can examine other factors to complement the treasury of knowledge related to memory capabilities

Conclusions
1. COMT Protein levels have a very strong and significant relationship with memory capabilities in memorizing the Qur'an
2. COMT Protein levels have a significant relationship and not in the direction of age but do not have a significant relationship with the length of memorization and the number of memories of the Qur'an
3. The ability of memory has a significant relationship and not in the direction of age, but does not have a significant relationship with the length of memorization and the number of memorization of the Qur'an.
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