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Abstract 

 
Traumatic brain injury (TBI) is a disorder of the central nervous system due to head 

trauma. TBI can damage nerve membrane phospholipids and decrease protein synthesis of 

neuregulin-1 (NRG-1) because of the transcription factor Krox-20. These conditions cause 

the lowering in nerve re-myelination which contribute to the decline of cognitive function. In 

Indonesia, citicoline is a neuroprotective drug that widely used to repair and prevent further 

damage of the nerve cells membrane caused by trauma. Spade leaf (Centella asiatica) extract 

phytosome (SEP) is a model of drug delivery system which expected to enhance the 

therapeutic effects as neuroprotective drug. This study aims to demonstrate and compare 

the effectiveness from SEP and citicoline as a neuroprotective characterized by increasing the 

activation of Krox-20, the expression of NRG-1, the distribution of phospholipids, and the 

improvement of cognitive levels on TBI-induced rats. Rats were divided into 5 groups 

namely: control (-); control (+); treatment with SEP 90mg/kgBW; citicoline 250mg/kgBW, 

and SEP in combination with citicoline. Krox-20, NRG-1, and phospholipids expression were 

measured by immunohistochemical assay, while cognitive function were assessed with the 

Morris Water Maze test. According to ANOVA test results, it was showed that SEP 

improved the nerve cells through the activation of Krox-20, NRG-1 expression, and 

distribution of phospholipids significantly (p<0.05). Based on Morris Water Maze test, SEP 

also improved the cognitive function in TBI-induced rats. Thus, it can be concluded that 

spade leaf extract phytosome combined with citicoline increase a higher phospholipids 

distribution and give the fastest time in the cognitive tests compared with of spade leaf 

extract phytosome and citicoline alone.  
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INTRODUCTION 

 

Traumatic Brain Injury (TBI) is an 

immediate mechanical damage of the nerve 

tissue and becomes the leading cause of 

mortality and morbidity both in developed and 

developing countries (Albert-Weissenberger 

and Sirén, 2010). Around 1.7 million people in 

United States are approximated to suffer from 

TBI every year (Faul, et al., 2010). 

About 53.4% people in Indonesia, 

particularly in Jakarta, suffer relatively severe 

head injuries from an accident (Riyadina, et al., 

2009). Recent study has shown that there was 

axonal degeneration occurred in the brain after 

the incidence of TBI. Axonal damage causes 

decrease in Neuregulin-1 (NRG-1) protein 

synthesis that leads to neural myelination 

failure. 

Spade leaf (Centella asiatica) is a 

medicinal herb and usually can be found widely 

in Indonesia. Spade leaf extract is known to 

exhibit neuroprotective effect through adding 

myelin thickness (Alfiantya, et al., 2014). 

However, phytochemical component of spade 

leaf are relatively polar, thus it is needed to 

enhance pharmacokinetic profile by using 

phytosome (Sharma and Roy, 2010). Therefore, 

it is essential for this study to elaborate an 

innovation of spade leaf extract in formulation 

to phytosome. 
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Meanwhile, citicoline is still the main 

neuroprotector that majorly used in Indonesia. 

Citicoline is known to exhibit capability in 

repairing and preventing further nerve traumatic 

damage through distribution of phospholipid 

membrane (Baker, et al., 2002). Thus, this 

research is carried on to develop innovation of 

spade leaf extract in phytosome as a 

neuroprotective agent compared to citicoline as 

the current neuroprotector standard. 

 
MATERIALS AND METHODS 

 
Sample Preparation and 
Characterization 

As many as 400 mg powdered herb were 

soaked with 500 mL of 70% ethanol and stirred 

mildly in a macerator for 30 minutes. Contents 

were kept for 24 hours by shaking and stirring 

and continued to be remacerated. The whole 

mixture was filtrated, then filtrate was 

evaporated by using rotary evaporator (at 

30
o
C) and was vacuum dried to eliminate water 

content (Adianingsih, et al., 2013; Pramono and 

Ajiastuti, 2004). This viscous extract was made 

into phytosome through sonication by adding 

with lecithin and 70% ethanol, then stirring 

constantly for 3 hours at 2000 rpm by using 

magnetic stirrer. Solvent was evaporated with 

rotary evaporator and hydrated with CO2-free 

water. Characterization of phytosome was 

carried out by using TEM (Adianingsih, et al., 

2013). 

 
In vivo Assay 

This study was done with in vivo by 

randomized post test only controlled group 

design in male rats (Rattus norvegicus) aged 4-

5 months and weighed 200-300 grams. Rats 

were divided into 5 groups: rats without any 

treatments; rats induced with TBI without any 

treatments; rats were induced with TBI and 

treated with spade leaf extract phytosome (SEP) 

90 mg/kgBW; rats induced with TBI and 

treated with citicoline 250 mg/kgBW; rats were 

induced with TBI and treated with both 

phytosome and citicoline as mentioned above. 

Spade leaf extract phytosome and citicoline 

were injected into peritonioum every day.  

The third day after TBI inducement, 

surgery was carried out on half number of every 

group to evaluate Krox-20 activation, NRG-1 

protein expression, and phospholipid 

distribution. The remaining half number were 

evaluated to cognitive function test 28
 
day after 

TBI inducement. 

Traumatic Brain Injury (TBI) 

inducement was conducted as follows, rats were 

anesthetized with xyla (5 mg/kgBW) and 

ketamine (50 mg/kgBW) by intraperitoneal 

injection. The head fur was shaved and then 

wiped with 70% ethanol. A 45-gram metal 

cylinder (4 mm in diameter) was dropped by 

the angle of 90º from the height 100 cm once. 

Ten minutes after the inducement, rats of each 

selected group were treated with spade leaf 

extract phytosome, citicoline, or their 

combination. 

 
Cognitive Function Test 

Cognitive function test was conducted as 

follows: a pool was designed (1 meter in 

diameter, 0.25 meter depth) then filled with 

water at 22-24
o
C temperature and a plastic 

floater (10 centimeter in diameter) placed 

perpendicularly towards the position of the rat. 

Rat was let free at one side of the pool 

(opposing the floater) for 60 seconds to swim 

and track the exact position of the floater. Then 

rat was taken back to its initial position and the 

time needed for rat to swim and again reach the 

floater was recorded. The test was performed 

three times for each rat. Cognitive function was 

assessed as a quantitative analysis of time 

length needed for rat to reach the floater 

(Thompson, et al., 2006). 

The brain tissue was taken during 

surgery was deparaffinized then kept for 24 

hours before proceeded to immunohisto-

chemistry assay. This stained tissue sample was 

observed for Krox-20 activation, NRG-1 

protein expression, and phospholipid 

distribution by using Olympus CX21 

microscope at 40x objective magnification and 

10 field of view for each slide.  

 
Data Analysis 

Results were analysed statistically with 

SPSS Statistics at 0.05 significance level and 

95% confidence level. The hypothetical 

comparative and correlative tests include 

normality test, variant homogenity test, one-

way ANOVA test, post hoc, and Pearson 

correlation test (Dahlan, 2004). 
 

RESULT AND DISCUSSION 
 

As many as 400 gram of spadeleaf 
powder were macerated into 83.8 gram of crude 
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extract. The Spadeleaf crude extract then 

formulated to phytosome and its 

characterization was obtained.  Fig. 1. The 

visualization of phytosome of Spadeleaf extract 

by using TEM. 

 
Characterization of Crude Extract and 

Phytosome of Spadeleaf Extract  

The visualization of particles with 

Transmission Electron Microscopy (TEM) was 

used to visualize the morphology and 

characterize the particle size from phytosome of 

Spadeleaf extract. From the visualization by 

using TEM, the size of phytosome particle was 

20-100 nm and based on its morphology, also it 

was shown that the particle was formed into 

lipid monolayer. Based on its size particle, the 

phytosome could be categorized as Small 

Unilamellar Vesicle (SUV) (Sulistiyani, 2014). 
 

Qualitative analysis for Spadeleaf extract 
by using Thin Layer Chromatography 

Qualitative phytochemical screening of 

spadeleaf extract was done by using Thin Layer 

Chromatography (TLC) (Fig. 2). The data 

showed that there was a spot in Rf: 0,2750. This 

score was near with its standard of asiaticoside 

which located in Rf = 0,2875. According to 

Wagner (1996), the spot of asiaticoside was 

located in Rf = 0.2 – 0.35. Thus, asiatiocotide 

was identified qualitatively in 70% ethanolic 

spadeleaf extract. 

 
Quantitative analysis with Liquid 

Chromatography – Mass Spectra/Masss 
Spectra (LC-MS) 

Asiaticoside level was obtained by using LC-

MS (Fig. 3). Based on this test, spadeleaf crude 

ethanolic extract was contained 0.232 % of 

asiaticoside.  

 

 

 
 

 

 
 

 

 

 

 

 

 

 

 

 

Figure 1. Morphology visualization and particle size of phytosome 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

Figure 2. TLC plate visualization in UV (A) and visible (B) 
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Cognitive Function Score  

From Morris Water Maze result, based 

on Fig. 3, the data showed that from memory 

test, all treatment groups were getting shorter 

time which indicate that the memory of the rats 

were sharper in remembering the object 

location. Although the time were hugely 

decreased, the positive control did not reach 

less than 11 minutes. In contrast, the group who 

treated with combination of Gotu kola 

phytosome and citicoline gave huge reduction 

time and also reach shortest amount of time (5 

minutes).  

 
Distribution of Phospolipid, Expression of 

NRG-1, and Activation of Krox-20  

ANOVA test was obtained for 

distribution of phospolipid, expression of NRG-

1, and activation of Krox-20 statistically which 

showed the score were p=0 (p<0.05). It means 

that at least there were at least 2 groups showed 

significant difference. Thus, post hoc Tukey 

HSD was obtained to know the difference 

among the groups. Based on post hoc test, the 

data showed there were significant difference in 

positive control with treated group 1 and 3 for 

expression of NRG-1 and activation of Krox-

20. Meanwhile, there was a significant 

difference between positive control with treated 

group 1,2 and 3 in distribution of phospholipid 

(Fig.4 and Table 1). 

 
Characterization of Phytosome of 
Spadeleaf Extract  

Qualitative analysis with TLC can be 

seen from the spot and Rf score, where two 

compounds were identical if have same Rf 

score in same TLC condition (stationary phase 

and mobile phase). In this study, the Rf score of 

asiaticoside standard was 0.2875 and Rf score 

from literature was 0.2-0.35 (Wagner and Bladt, 

1996).  

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 3. Chromatogram and Fragmentation from LC/MS 

 

 
 

 

 

 

 

 

 

 

 

 
 

 

Figure 4. Phospolipid (top), Krox-20 (middle), NRG-1 (down) histopathology observation from brain 

tissue using immunohistochemistry. KN (control group); KP (TBI-induced); P1 (TBI-induced + 

phytosome 90mg/kgBW); P2 (TBI-induced + CDP-choline 250 mg/kgBW); P3 (TBI-induced + phytosome 

90 mg/kgBW + CDP-choline 250 mg/kgBW). 
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Table 1. The distribution results of Phospolipid, NRG-1 expression, and Krox-20 activation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

These results indicated the presence of 

asiaticoside in phytosome so the concentration 

of asiaticoside can be done with LC-MS/MS 

assay where Phytosome of Gotu kola contained 

0.232 % of asiaticoside with m/z = 957.00 that 

calculated for m/z =469.54- 470.89. 

 
The mechanism of Neuron Recovery and 

Cognitive Function  

From this study, the treatment with 

phytosome of Gotu kola extract gave better 

result in increasing expression of NRG-1 and 

activation of Krox-20, compared to treatment 

with citroline alone. Based on ANOVA test, 

there was no significance between spadeleaf 

phytosome group and its combination with 

citroline group (p>0.05). It was because 

spadeleaf extract phytosome had 

neuroprotective effect by improving nerve 

function in re-myelination of damaged nerve. 

Myelination started with the expression of 

NRG-1 by axon and it would interact with ErBb 

receptor in oligodendrocyte. The bonding 

between NRG-1 and ErBB would initiate 

cascade second messenger, started from 

increasing the accumulation of Ca
2+

, activation 

of the phosphatidylinositol-3-kinase (PI3K), 

focal adhesion kinase, and activation of mTOR 

kinase that caused the activation of myelin 

genes (Krox-20 & P0) on oligodendrocyte cell 

nucleus (Taveggia, et al., 2010).   
On the other hand, treatment with 

spadeleaf extract phytosome in combination 

with citicoline gave best result in increasing 

phospholipids distribution. It was because 

citicoline had neuroprotective effect in 

repairing damaged nerve by preventing the 

generation of free radicals. At first CDP-choline 

are broken down into choline and cytidine. 

Choline is metabolized in the body to produce 

CDP-choline, and with triacylglycerol 

phospholipids together will form the nerve cell 

membrane. The other mechanisms are CDP-

choline, together with diglyceride will be 

metabolized into phosphatidylcholine and 

monoglyceride which prevents the formation of 

free fatty acids that will form free radicals 

(Zweifler, 2002). 

 

 

 

 

 

 

 

  

 

 
 

 

 

 

 

 

Figure 5. Graphic of average number of NRG-1 in each treatment group 
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The mechanism of spadeleaf extract 

phytosome for the distribution of 

phospholipids is not yet known, but the 

activation of Krox-20 gene is expected to 

trigger the formation of new phospholipids 

in nerve cells. Along with these results, 

from cognitive tests also showed a large 

reduction in time and gave the fastest time 

from treatment with combination 

compared to spadeleaf extract phytosome 

or citicoline alone.  

Based on the results, it indicates the 

treatment with citicoline alone shows no 

significant difference in increasing the 

expression of NRG-1 and activation of 

Krox-2. Their combination can increase 

phospholipid distribution higher and give 

shortest time from cognitive test, compared 

to treatment with spadeleaf extract 

phytosome or citicoline alone. 
 

CONCLUSION 

 

Spade leaf extract phytosome in 

combination with citicoline increase a 

higher phospholipids distribution and give 

the fastest time in the cognitive tests 

compared with of spade leaf extract 

phytosome and citicoline alone. 
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