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Abstract: Hippocampus is a part of the brain that has a major role in spatial learning and memory which 

can be affected by herbal extracts. Incense resin (Styrax benzoin) has been used by local communities to 

improve intelligence. However, there is no scientific evidence of the functions of Styrax benzoin for 

regulating hippocampal function. The aim of this study was intended to analyze and investigate the effect of 

incense resin on learning, memory, and dendrite complexity of mice. Three months old male Deutch 

Democratic Yokohama (DDY) mice were injected orally with graded doses of 100, 150, and 200 mg/kg of 

incense resin aqueous extract daily for 30 days. Spatial learning and memory performance levels were 

tested with Y-maze alternation, novel object recognition, and Morris water maze. The branches and 

maximum dendritic span in the dentate gyrus were observed by the Golgi-Cox staining. Overall, our results 

showed that incense resin extract increased learning and memory ability, and the number of dendrite 

branching in the dentate gyrus. 
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HIGHLIGHTS 

 

• Incense resin extract increased learning and memory ability. 

• Incense resin extract increased the number of dendrite branching in the dentate gyrus. 
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INTRODUCTION 

Learning is the process of getting new information that can affect behavior. Spatial learning for example, 

is required in the direction of movement from environmental guidance. This process also needs storing and 

generating information in the form of memory by the brain, which is coordinate all of these related events [1]. 

Hippocampus is a part of the brain that has a major role in the spatial learning and memory process, and in 

particular, the dentate gyrus of hippocampus contributes to adult neurogenesis. Neurogenesis is the process 

of forming new functional neurons from neural stem cells. The formation of neurons further develops into 

neural networks. Newly formed neural networks have been shown to improve learning and memory 

performance [2]. The process of neurogenesis is influenced by many factors, one of which has been 

suggested to be chemical(s) extracted from herbs. 

Incense resin (Styrax benzoin), one of the native plants of Indonesia [3], has been used traditionally by 

local communities as an enhancer of brain intelligence. Another type of incense that classified into genus 

Boswellia is a native plant in the middle east [4], and the functions of its resin have been widely studied to 

improve learning and memory performance [5]. However, research on effects of Indonesian incense resin on 

the brain function has never been conducted to date. The aim of this study was to investigate the effect of 

Indonesian incense resin (Styrax benzoin) on the learning and memory performance and dendrite complexity 

in mice.  

MATERIAL AND METHODS 

Aqueous extraction 

Incense (Styrax benzoin) resin was provided by the farmers in Northern Sumatra, Indonesia. The 

extraction of incense resin was done by aqueous extraction technique. Dry solid resin of incense was 

smoothed until it became powder form, and filtered with wire mesh (size 100). The powder forms were 

dissolved in the aqueous solvent with maceration method for 3 days in 25 °C. The concentration of powder 

preparations with aqueous solvents was 10% (w/v). The solution was filtered to separate the dregs with water 

and the solute. The soluble substances in the solvent were further purified by evaporation [6]. 

Animal subject maintenance  

This research was approved by Animal Ethics Committee of Bogor Agricultural University (No. 73-

2017.IPB). Thirty young male Deutch Democratic Yokohama (DDY) mice strain (25-30 grams of body weight) 

were kept in cages, in the animal house with the conditions of 22-25 °C of temperature, 55-63% of humidity 

and 12h light and dark lighting cycle. Mice were given with standard rodent diet ad libitum until the euthanasia 

process. 

Treatment  

This study used 30 male mice divided into 5 different treatment groups. Mice were acclimatized for 7 

days before the starting of the treatment. Oral treatment was administered every day for 30 days. The 

negative control group was administered 0.3 ml of water (vehicle); the positive control group was 

administered with leaf extract of pegagan (130 mg/kg body weight) [7] in 0.3 ml vehicle; and the test group 

was administered with extract of incense sap (100, 150, and 200 mg/kg of the body weight) in 0.3 ml vehicle 

[8]. 

Behavior analysis using Y-alternation test 

Y-alternation test was carried out to assess the spatial learning performance according to Juliandi and 

coauthors [9]. The Y-arm maze apparatus consisted of three arms. The test was performed twice in each 

test. First test was performed before treatment administration, and second test was performed at 24h after 

the last administration. Individual mouse was placed in the middle of three arms and the number of correct 

sequences during five minutes were recorded. Correct sequence was indicated by the mice which can enter 

three different arms. The test measurement was calculated by correct percentage of mice in exploring the 

arms of the apparatus. Correct percentage is the number of correct sequences divided by the total sum of all 

sequences. 

 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwjY_IyMpJjfAhXBqZAKHdazDawQFjAAegQIAxAC&url=http%3A%2F%2Fwww.scielo.br%2Fbabt&usg=AOvVaw08BojU0LuZNEI4C434jTD4


 Enhancement of mice cognition by incense resin  3 

 

 
Brazilian Archives of Biology and Technology. Vol.63: e20180379, 2020 www.scielo.br/babt 

Behavior analysis using novel object recognition test 

The novel object recognition (NOR) test was carried out to assess the memory ability. The principle of 

this test is to assess the tendency of mice to spend more time exploring a novel object than a previously 

explored object. Mice with good memory have a tendency to explore new objects or objects in addition to 

familiar objects. This NOR test was performed in accordance with the method by Bevins and Basheer [10]. 

NOR test consists of familiarization and test phase. Familiarization phase was when the mice was introduced 

with two identical objects for ten minutes. This object was defined the familiar object. The test phase was 

conducted by replacing one of the objects with new object. The mice were allowed to explore within the 

apparatus for 3 minutes. The test results were analyzed by calculating the discrimination ratio. Discrimination 

ratio is comparison between novel object interaction and total interaction with both objects. 

Behavior analysis using morris water maze test 

The Morris water maze (MWM) test was performed in accordance with the method by Weitzner and 

coauthors [11] with a few modifications. Mice were tested with MWM method to assess the learning and 

memory performance by putting local cues so that mice could learn and remember the position. The 

apparatus was constructed with round tub. The tub was 1.5 meters in diameter and 0.7 meter in height.  

MWM test consisted of training and real test phase. Training phase consisted of a visible trial and a hidden 

platform trial. Mice were allowed to find the visible platform easily in a visible trial because the platform was 

upper of the water surface. An invisible trial was used in an invisible platform which the platform was below 

of the opaque water. Short term memory and long-term memory were assessed with this method. Mice were 

allowed to find the platform of each phase within one minute. The test result was analyzed by calculating the 

latency time. Latency time is the performance indicator learning and memory in the task. 

Dendritic morphology analysis using golgi-cox staining 

The mice were anaesthetized using ketamine/xylazine [12]. The brain was isolated for Golgi-Cox staining. 

Golgi-cox staining enabled the visualization of neurons (soma, axons, and dendrites) in a selective way. This 

could help the researchers to characterize and quantify dendritic morphology and spines throughout the 

nervous system [13,14]. The procedural of Golgi-Cox staining was according to the factory-supplied protocol 

(FD Neuro Technologies, Inc.). The number of dendritic branching and maximum dendritic span in the dentate 

gyrus was analyzed by using the ImageJ software. 

Statistical analysis 

The data was analyzed using SPSS 16 software. For Y-alternation and novel object recognition test (e.g. 

the comparison of treatment), the data were analyzed by using one-way ANOVA, while the comparisons of 

the pre- and post-treatment were made by using a paired t-test; Morris water maze data (e.g. the comparison 

of treatment) was analyzed using one-way ANOVA while before and after treatment were analyzed using 

paired t-test; and to compare each treatment was analyzed by using independent t-tests. 

 

RESULTS 

Spatial learning performance 

One part of the brain that plays a role in spatial learning is the hippocampus. Y-alternation test was 

carried out to determine the spatial learning ability of mice brain. The percentage of correct sequence in the 

administration of herbal extracts can indicate the learning ability of mice (Figure 1). 
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Figure 1. Spatial learning performance of mice in Y-maze improves by herbs administration. Control group (K), incense 

resin extract 100 mg/kg body weight (M1), 150 mg/kg body weight (M2), 200 mg/kg body weight (M3), and pegagan (P). 

Before treatment (PRA), after Treatment (PASCA). Error bars indicate the SD. #p<0.05, ##p<0.01, paired t-test; ns= not 

significant. 

Long-Term Memory Performance with Novel Object Recognition Test 

Short-term and long-term memory ability was tested with novel object recognition (NOR) tests. The short 

or long term memory test was determined by the delay time. The delay time that has been used was 30 days. 

Figure 2 shows the effect of herbal extracts administration on long-term memory.  

 
Figure 2. Herbs extract administration enhances short term memory (STM) performance of mice in novel object 

recognition (NOR) test. Control group (K), incense resin extract group 100 mg/kg body weight (M1), 150 mg/kg body 

weight (M2), 200 mg/kg body weight (M3), and pegagan (P). Familiarization phase (Fam) and test phase (Test). Error 

bars indicate the SD. #p<0.05, ##p<0.01 paired t-test; ns= not significant. 

Learning and memory performance with Morris water maze test 

The Morris water maze test (MWM) is a universally recognized method for measuring and comparing 

learning and memory abilities [15]. Learning ability was measured during training. Short-term memory ability 

can be measured by a delay of one day after training, while long-term memory abilities were measured by 

one month delay.  
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Figure 3. Herbs extract administration effect on the learning test (Hidden Platform) , short term memory test (STM), and 

long-term memory test (LTM) performance of mice using morris water maze (MWM). Control group (K), incense resin 

extract 100 mg/kg body weight (M1), 150 mg/kg body weight (M2), 200 mg/kg body weight (M3), and pegagan extract 

(P). Error bars indicate the SD. *p<0.05, **p<0.01, independent t-test; #p<0.05, paired t-test; ns= not significant. 

Complexity and Maximum Dendritic Span of Neurons 

One part of the hippocampus that plays an important role in learning and memory is Dentate Gyrus (DG). 
The process of neurogenesis can occur in DG. The process of neurogenesis plays a role in producing 
functional adult neurons. These functional neurons can be observed using Golgi-cox dyes. This Golgi-cox 
staining method colored the entire neuron cell including the cell body, axons, and dendrites [14]. The neurons 
in the DG section can be colored using the Golgi-cox dye (Figure 4). 

 

 
(a)                                       (b) 

Figure 4. Representative image of mice hippocampus (a) stained by Golgi-Cox method, showing CA and DG 

(dentate gyrus; b). The white arrow indicated the cell body and red arrow indicated dendrites. 

Golgi-cox staining allows researchers to analyze the morphology of neurons. The morphology 

analyzed was the average average number of dendrite branches (Table 1) and the maximum dendritic 

span (Table 2). Dendrites are part of nerve cells that function to receive stimuli from other nerve cells 

through the synapse and continue to stimulate the cell body. Nerve cells have many branches of 

dendrites because dendrites can make connections between many other nerve cells. 
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Table 1. The average number of branches and maximum dendritic span in the dentate gyrus 

Group 
Average number of dendrite 

branches (µm) 
Maximum dendritic span (◦) 

Control 2.22 ± 0.34 a 57.16 ± 1.40 a 

Incense resin dose 100 mg/kg BW 2.00 ± 0.31 a 55.98 ± 0.92 a 

Incense resin dose 150 mg/kg BW 3.27 ± 0.35 b 55.50 ± 1.41 a 

Incense resin dose 200 mg/kg BW 4.45 ± 0.50 c 54.47 ± 0.89 a 

Pegagan (positive control) 5.86 ± 0.68 c 57.08 ± 0.69 a 

Numbers followed by the same letter in the same column are not significantly different.  

(a-b = p <0.05; b-c = p <0.001). 

DISCUSSION 

The comparison of spatial learning performance is shown in Figure 1. The correct alteration for the whole 

group of mice before administration of herbal extracts were not significant (p=0.29; one-way ANOVA). This 

indicates that spatial learning of mice that used in the study was not characteristically different. Spatial 

learning ability before and after treatment in the control group was not significantly different (p=0.79; paired 

t-test). This suggests that the presence of Y-maze test at the beginning was not affect the ability of mice to 

resolve Y-maze test.  

The correct alteration of the mice after herbal extracts administration was significantly different (p=0.002; 

one-way ANOVA). This result showed that the spatial learning ability was influenced by herbal extract 

administration. However, before and after administration of incense resin extract with doses of 100 mg/kg, 

the body weight was not significantly different (p= 0.13; paired t-test). Incense resin extract with dose of 100 

mg/kg body weight was not able to improve spatial learning ability in the mice. Paired t-test analysis result 

shows that the correct alteration data before and after incense resin (150, 200 mg/kg body weight) and 

pegagan extract administration increased significantly. 

The effect of herbal extracts administration on long-term memory is presented in Figure 2. The 

discriminant ratio of all mice to the exploration of the same two objects at the familiarization stage was ± 50%. 

This result showed that exploration amount of two object was not different. One-way ANOVA result for all 

treatment at the familiarization stage was not significantly different (p=0.44). This result showed that memory 

performance of the mice used in this study were characteristically comparable. Memory performance after 

herb extract administration increased (p=0.0009; ANOVA one-way). Discrimination ratio between 

familiarization stage and test in group treatment of incense resin and pegagan extract showed significant 

result. This result showed that extract group of incense resin and pegagan improved the memory. Effect of 

incense resin extract administration and positive control (pegagan) was similar or not significantly different 

(p=0.27; ANOVA one-way). 

The results of the analysis test using one-way ANOVA showed not significant results for hidden stage 

platform trial for all treatments (Figure 3). This result showed that long term memory performance was not 

significantly different for all group treatments. Short term memory performance for incense resin (150 and 

200 mg/kg body weight) and pegagan extract administration increased significantly. However, the 

independent t-test result of incense resin extract (100 mg/kg body weight) showed not significant results (p 

= 0.13). Short term memory performance of the mice in the incense resin extract (200 mg/kg body weight) 

group was better than long-term memory performance (p=0.02; paired t-test). 

Y-alternation test was performed to determine the spatial learning performance of the mice brain. The 

NOR test was performed to test the ability of long term memory with a 30 days delay time before test phase. 

The MWM test was used to measure and compare learning and memory performance [5]. Learning 

performance was measured during training. Short term memory performance was measured with a 1 day 

delay time after training, while long term memory performance was measured after 30 days delay time. This 

study used three doses of incense resin extract (100, 150, and 200 mg/kg body weight). Incense resin extract 

(100 mg/kg body weight) administration did not affect spatial learning performance. However, incense resin 

extract (150 and 200 mg/kg body weight) administration promoted spatial learning performance. This result 

showed that incense resin extract (150 and 200 mg/kg body weight) increased spatial learning performance 

as well as Boswellia serrata resin extract [15-17]. Flavonoid contain from Styrax benzoin extract increased 

brain-derived neurotrophic factor (BDNF) production. BDNF production regulated differentiation and growth 
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of nerve cell [18]. In addition, BDNF stimulated neurogenesis processes [18,19]. Styrax benzoin contained 

antioxidant agent. Antioxidant also functions as neuroprotective that protects nerve cells from free radicals. 

Pegagan extract as positive control increased spatial learning performance. This increment was in the 

same magnitude shown in the previous study [2]. Pegagan has been known to contain flavonoid that supports 

the performance of cells in the hippocampus [20]. Incense resin extract with 150 and 200 mg/kg body weight 

dose was stronger in short term memory improvement compared with incense resin extract 100 mg/kg body 

weight dose. This result was supported by the outcome of the MWM test. Incense resin extract (150 and 200 

mg/kg body weight) administration increased short term memory. However, incense resin extract 200 mg/kg 

body weight administration was stronger in short term memory improvement compared with incense resin 

extract 100 and 150 mg/kg body weight. Nevertheless, spatial learning and long-term memory performance 

was not affected by herb extract administration as shown in MWM results. Differences in the effect of dosage 

on memory ability were known to be affected by weight, age, and health condition. In this study, spatial 

learning, short term memory and long-term memory performance was influenced by incense resin extract 

with dose concentration of 150 and 200 mg/kg body weight. Incense resin with dose concentration of 100 

mg/kg body weight was not enough to affect the ability of learning. 

The number of dendritic branching after incense resin and pegagan extract administration was 

significantly different from the control (p=0.000; ANOVA one- way) (Table 1). The number of dendritic 

branching between control mice group and incense resin mice group (150 and 200 mg/kg body weight) was 

significantly different (p=0.046, p=0.0003; independent t- test). However, the number of dendritic branching 

in 100 mg/kg body weight group was not significantly different (p=0.067; independent t- test). Maximum 

dendritic span in all treatment groups was not significantly different (p= 0.434; ANOVA one-way). This result 

demonstrates that administration of herbal extracts did not affect the maximum dendritic span in the dentate 

gyrus. 

Functional neurons were observed by Golgi-Cox staining. Golgi-Cox staining method coloured the entire 

cell of neurons including cell body, axon and dendrite [14]. Incense resin extract (150 and 200 mg/kg body 

weight) administration increased the number of dendritic branching. However, the number of dendritic 

branching in 100 mg/kg body weight group was not increased. The number of dendritic branching affected 

learning and memory performance. However, the number of dendritic branching was not the only factor that 

affected the learning and memory performance. Nerve cells had many branches of dendrites because 

dendrites made connections between many other nerve cells. The number of dendritic branching data was 

supported by data regarding the maximum dendritic span. Nerve orientation was determined by measuring 

the maximum dendritic span. Normal dendrites had a high similarity of maximum dendritic span with the 

control group. In this study, we found that maximum dendritic span for all treatment group was not significantly 

different with negative control group. This result represents that dendritic span of all mice group was normal. 

Voets and coauthors [21] suggested that disorientated dendritic span (aberrant) caused epilepsy disease. 

The aberrant dendrite destructed neuron functions. According to Rao and coauthors [22,23], asiatic acid 

contained in Pegagan had an antioxidant agent and neurotropic effect. Neuron was protected by antioxidant 

from free radical and reactive oxygen species (ROS). The protected neuron would be better at performing of 

storing and managing information. 

CONCLUSION 

We found that incense resin extract with doses of 150 and 200 mg/kg body weight administration 

improved learning ability, short-term memory, and long-term memory. Incense resin extract with a dose of 

100 mg/kg body weight increased only long-term memory. The effect of resin extract of doses of 150 and 

200 mg/kg body weight on long-term memory was stronger than the dose of 100 mg/kg body weight. 

Improved spatial and memory learning performance was in parallel with an increase in the number of neurons 

branching. 
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