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CHAPTER 1  
INTRODUCTION 

 

 

1.1. Background and rationale 
 

Hypertension is one of the most non-communicable diseases (NCDs) which is a 

worldwide problem. This disease is a serious risk factor for heart disease, stroke, 

cardiovascular and renal diseases (1,2). Based on data from the World Health 

Organization (WHO), hypertension complications have been calculated to cause 9.4 

million deaths worldwide annually (1). it is even known that 14.6 million (one in four) 

people died globally from ischemic heart disease and stroke in 2013 (3). 

 

 

Figure  1 Worldwide prevalence of hypertension in adults ≥ 20 years (3) 
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Figure  2 Prevalence of hypertension in adults ≥ 20 years by world region and sex (3) 
 

Figures 1 and 2 show the prevalence and change in cases of hypertension during 

2000 - 2010. In 2000, 26.4% of the adult global population (972 million people) 

suffered from hypertension, and the number increased to 31.1% (1.4 billion people) 

in 2010 (3). The estimated prevalence of hypertension among male and female 

patients was 32.1% and 29.5%, respectively (2).  In addition, it was also seen that the 

prevalence of hypertension was higher in low- and middle-income countries (31.5%) 

than high-income countries (28.5%) worldwide. The prevalence of hypertension also 

decreased by 2.6% in high-income countries but increased by 7.7% in low- and 

middle-income countries over the 10 years to 2010. This was related to the lower 

proportions of awareness, treatment, and control of hypertension. in low- and 

middle-income countries than in high-income countries (3). Secondary intervention 

such as types of diet, physical activity, self-awareness, social support, healthcare 
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services, until collaborative efforts from national and international stakeholders are 

indeed very important in fighting the problem of hypertension globally (1–3). 

In patients, hypertension is described as increased blood pressure in the arteries. 

Primary therapy needs to be given, because of the cardiovascular risk which can even 

has an impact on death (4). Several mechanisms in the body can control the blood 

pressure, especially the renin-angiotensin-aldosterone system (RAAS). When 

pathophysiologic irregularities occur, an angiotensin-converting enzyme inhibitors 

(ACEi), angiotensin II receptor blockers (ARBs), calcium channel blockers (CCB), 

thiazide diuretics and β-adrenoceptor antagonists (β ‐ blockers) are drugs commonly 

used in regulating the blood pressure (4,5). Apart from primary therapy with several 

kinds of antihypertension drugs, some natural products for antihypertensives were 

also highly developed. Among the interesting antihypertensive agents to be 

developed are asiatic acid (6–11) and palm oil (12–14).  

Asiatic acid (AA) is an isolate from Centella asiatica, a medicinal herb commonly 

found in tropical regions such as Asia, Africa, South America and Oceania. This plant 

is commonly consumed as salads in daily meals or serve as juice for Southeast Asian 

(11,15). In its medicinal use, AA has limitations regarding the physicochemical and 

pharmacokinetic properties. Solubility, lipophilicity, absorption, metabolism, 

elimination rate and bioavailability are the major problem to be developed from AA. 

Asiatic acid is poorly absorbed and highly metabolized in the liver by CYP450 

enzymes. This is exacerbated because of the low solubility of asiatic acid in aqueous 

media, so that the oral bioavailability is very low to be able to provide effectiveness 

as an antihypertensive. Several dosage forms can be an alternative in improving 

delivery of AA, such as nanoparticles, transdermal, multiple emulsions, liposomes, 

and solid dispersion complexations (10). 

Meanwhile, palm oil (PO) is a vegetable oil obtained from the Elaesis guineensis 

plant which contains rich in vitamins A and E, and does not contain lipid-raising fatty 

acids (myristic acid) as its saturated fatty acid content (13,14). Palm oil has the 
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potential as an antihypertensive agent because of its ability as a strong antioxidant 

and is effective in reducing arterial thrombosis, atherosclerosis and platelet 

aggregation (14,16). However, its ease of oxidation is also a disadvantage of palm oil. 

This oxidation can reduce its half-life and vitamin content. One way to avoid 

oxidation is the encapsulation process, which protects the compound inside the 

system (17,18). 

Nanoemulsion is a dosage form that can be produced for nanoencapsulation 

purposes. The oil phase is emulsified to form small droplets by utilizing emulsifying 

agents. The nanoemulsion formation process is carried out using the high-energy 

method with an ultrasonication process. Parameters in the manufacturing process 

(eg, energy and production time) have been screened and set consistently. 

Nanoemulsion is prospective to be formulated with asiatic acid because of its 

advantages, including good physical stability, higher solubility and increase in the 

bioavailability (19). The emulsifying agent is absolutely necessary in nanoemulsion 

because it reduces the interfacial tension between the oil and aqueous phase and 

prevent the possibility of the aggregation (20). In this research, span 80, lecithin, 

poloxamer 188 and tween 80 were used for the purpose of reducing the interfacial 

tension between the oil-water phase in optimal ratio. 

Meanwhile, to reduce the possibility of oxidation, the drying process with a spray 

dryer was carried out to the nanoemulsion (21). Spray drying formed an 

encapsulated system to retain the active system and prevent the effect of the 

Oswald ripening event which possible to cause agglomeration (22). In this process, 

critical parameters such as inlet temperature, aspirator rate, pump flow and nozzle 

clean maintained constantly to produce high yield and reproducible product. 

Meanwhile maltodextrin and magnesium stearate were used as a carrier and 

lubricant, respectively to maintain the stability of the product thermodynamically. 

This research aimed to see the improvement of asiatic acid characteristics and its 

activity as an antihypertensive agent. Characterization and evaluation were carried 
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out by several tests, such as particle size, morphology, heat resistance, crystallinity, 

product recovery (yield), drug content, flowing properties, solubility, dissolution rate, 

non-invasive antihypertensive activity and ACE activity inhibition. Formula with the 

most optimum characteristics was recommended for further evaluation in the activity 

increasement determination. The focus of activity evaluated in this study was ACE 

inhibition of asiatic acid before and after modification in spray dried nanoemulsion 

formulation. 

 

1.2 Objectives 
 

The objectives of this research are: 

1. To prepare spray dried asiatic acid-palm oil nanoemulsion with good physical 
characteristics, high product yield and high content. 

2. To develop spray dried asiatic acid-palm oil nanoemulsion with higher aqueous 
solubility and dissolution rate compared with its pure form in gastric and intestinal 
fluid media. 

3. To evaluate the antihypertensive activity of asiatic acid by forming the spray dried 
asiatic acid-palm oil nanoemulsion in rat model of hypertension.  
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1.3 Scope of the research  
 

The scope of this research work will cover: 

1. The preparation and optimization of the condition in nanoemulsion formulation 
and drying with spray dryer. 

2. The formulation process of asiatic acid nano/microencapsulate with optimal active 
compound-emulsifier ratio and process parameters.  

3. Characterization, physicochemical evaluation and antihypertensive activity 
determination of asiatic acid nano/microencapsulate and its comparison with 
asiatic acid pure form 

 

1.4 Research design 
 

Experimental research 

 

1.5. Benefits of the research 
 

This research was useful for improving physicochemical characteristics, solubility, 

bioavailability, and activity of asiatic acid-palm oil as antihypertensive agent. 
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Figure  3 Conceptual framework of the study 
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CHAPTER 2 
LITERATURE REVIEW 

 

 

2.1. Hypertension 
 

Hypertension is a disease that can be described by an increase of blood pressure 

(BP) in the arteries. This disease is associated with a cardiovascular (CV) risk 

increasement which can cause morbidity and mortality (4). 

Hypertension resulted from unknown pathophysiologic causes essential or 

primary hypertension. It was generally caused by the influence of genetic factors that 

play a role in regulating the balance of blood pressure regulating pathways, such as 

sodium value. This type of hypertension can only be controlled and cannot be 

cured. A small percentage of patients has a specific cause of their hypertension, 

which called as secondary hypertension. This type of hypertension can be caused by 

comorbid disease, another drug that increases blood pressure or renal dysfunction. If 

the cause can be identified, hypertension in these patients can be mitigated or 

potentially be cured (4). 

Some factors can control blood pressure include renin-angiotensin-aldosterone 

system (RAAS) or vasodepressor mechanisms and problems in neuronal mechanisms, 

peripheral autoregulation, and sodium, calcium, and natriuretic hormones (4). 
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Table  1 Blood Pressure Classification (4) 
Classification Systolic Blood 

Pressure (mm Hg) 
 Diastolic Blood 

Pressure (mm Hg) 
Normal <120 and <80 
Prehypertension 120-139 or 80-89 
Stage 1 hypertension 140-159 or 90-99 
Stage 2 hypertension ≥160 or ≥100 
 

Based on the Table 1 it can be seen that hypertension is divided into normal, 

prehypertensive, stage 1 hypertension and stage 2 hypertension. Hypertensive crises 

with extreme BP are shown at values of more than 180/120 mm Hg and need to 

reduce less than 140/90 mm Hg for hypertensive patients. Clinical trials have proven 

that antihypertensive drug therapy helps reduce the risk of CV and death rates in 

patients with high blood pressure (4). 
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2.2. Antihypertensive therapy 
 

 

 
Figure  4 Renin-angiotensin-aldosterone system diagram (4) 
 

Figure 4 shows that RAAS plays an important role in regulating arterial blood 

pressure. RAAS was triggered by renin, angiotensinogen and angiotensin regulates the 

sodium, potassium, and blood volume to control the homeostatic of peripheral 

blood vessel. Interventions in RAAS became very important in the treatment of 

hypertension and reduce the risk of morbidity and mortality from CV events (4).  
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Figure  5 Different mechanism of antihypertensive drugs (5) 
 

An angiotensin-converting enzyme inhibitors (ACEi), angiotensin II receptor 
blocker (ARB), calcium channel blocker (CCB), and thiazide shown in Figure 5 are the 
first-line antihypertensive agents for most patients (4). Angiotensin II is a 
vasoconstrictor and stimulates aldosterone production. Angiotensin converting 
enzyme (ACE) inhibitors and angiotensin receptor blockers (ARBs) decrease the 
synthesis of angiotensin II or antagonize its action at the angiotensin II receptor and 
improve the peripheral condition. Calcium channel blockers block the entry of 
calcium into vascular smooth muscle and are mostly used in older patients. β‐

adrenoceptor antagonists (β‐blockers) and thiazide diuretics reduce blood pressure 
by mechanisms that are not fully understood (5). There are vasoactive substances 
synthesized by endothelial cells at vascular endothelium and smooth muscle also 
that are important in regulating the blood pressure. The most important and potent 
vasodilator released in endothelium is nitric oxide (NO), this substance can relax the 
vascular epithelium and regulate arterial blood pressure (4).  

Some alternative substances are also being developed for antihypertensive 
therapy such as peptide of mung bean protein (23) or maize crops (24), α-casein 
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protein (25), virgin olive oil (26), and palm oil (12–14). Several isolates from plants 
such as curcumin (27–29), quercetin (30), and asiatic acid (6–11) are also alternative 
substances in hypertension treatment that promote to develop. 

 
2.3. Asiatic acid 
 

Asiatic acid (AA) is a major pentacyclic triterpenoid component found in Centella 

asiatica with a molecular structure shown in Figure 6. AA is biosynthesized by 

cyclization of squalene and present in the leaves, flowers, bark, stem, roots, and 

rhizomes of the plants (10). 

Asiatic acid has been known to be used for wound healing, various skin 

conditions, inflammatory, diabetic, hyperlipidemic, cardiovascular problem, 

metabolic syndrome, obesity, osteoporosis, Alzheimer's, Parkinson's diseases and also 

as antihypertensive, gastroprotective, neuro protective, endothelial cells protector, 

antioxidant, anti-depressant, anti-cancer and relieving anxiety (6–11,31,32). Several 

pharmacological activities are resulted from several mechanisms performed by asiatic 

acids such as modulate many enzymes, receptors, growth factors, transcription 

factors, apoptotic proteins, and cell signaling cascades (10).  

 

 

Figure  6 Molecular structure of asiatic acid in 2D and 3D conformer (10,31,33) 
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In hypertension therapy, AA attenuates the high blood pressure and heart rate 

with several mechanism such as ACE inhibition, attenuating RAS activation (by 

angiotensin II and angiotensin converting enzyme activity inhibition in blood), 

enhancing nitric oxide, lowering reactive oxygen species formation and acting as 

cytoprotective compound (6–11,32).  

 

2.3.1. Pharmacokinetics of Asiatic Acid 
 

Asiatic acid solubility is very low in water, with the concentration of 0.1583 

mg/mL in saturated saline. Poor solubility of asiatic acid results in the low absorption 

and bioavailability, because it is transported by passive diffusion in jejunum as major 

site of absorption. The t½ of asiatic acid is 9.493 min, indicating that the asiatic acid is 

easy to be metabolized by CYP450 enzyme in the pharmacokinetics profile (10,31). 

 

Table  2 Content of Asiatic Acid in Plasma (µg/mL) And Tissues (µg/g) of Mice 
(modified from (33)) 

 

 

 

Groups of mice were supplemented with a normal diet plus 0.5% of asiatic 
acid for 4 or 8 weeks. After the end of treatment, mice were killed after an overnight 
fast. Table 2 shows that the level of asiatic acid in plasma and tissues increased as 
the feeding period was increased from 4 weeks to 8 weeks (P <0.05). After 8 weeks, 
the liver had the highest content of asiatic acid, followed by kidney and colon. The 
hepatic level of asiatic acid was in the range of 6.2−10.4 µg / g tissue (33). The 
pharmacokinetic data was collected preclinically and clinically and suggested that AA 
is distributed in almost every tissue by binding with albumin (10).   
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Asiatic acid can be absorbed quickly into the blood, shown by 30 min of 

maximum plasma concentration. However, the amount that absorbed is very small 

with a Cmax of 394.2 ng mL-1. Compared with the absolute bioavailability profile after 

intravenous administration, its orally administration bioavailability is 16.25%. The 

results shows that the poor solubility and rapid metabolism of asiatic acid may be 

resulting the low Cmax, t½ and bioavailability (31). 

 

2.4. Palm oil 
 

Palm oil (PO) is a vegetable oil that is popularly used worldwide. Palm oil is 

obtained from the fruit of the tropical plant Elaesis guineensis and contributes 

approximately 23% of the consumption rate for cooking and frying. Palm oil is rich in 

vitamins A and E, and has an unsaturated to saturated fatty acid ratio close to 1. PO 

does not contain lipid-raising fatty acids (myristic acid) as its saturated fatty acid 

content (13,14). However, palm oil oxidation occurs due to culinary purposes. Thus, 

the amount of palm oil in its oxidized form must be considered because it poses a 

risk to the physiological and biochemical functions of the body (16).  

Palm oil is unique from other forms of vegetable and animal oils. Its antioxidant 

activity is quite potent because of its high content of tocopherols, tocotrienols and 

beta-carotene (13). In addition, palm oil also has effectiveness in reducing the risk of 

arterial thrombosis, atherosclerosis, cholesterol biosynthesis, platelet aggregation and 

blood pressure. PO abilities in reducing oxidative stress are promising as an adjunct 

to antihypertensive therapy (14,16). 

The unsaturated fatty acids found in palm oil exhibit their antihypertensive 

effect by relaxing blood vessels. Unsaturated fatty acids act by several mechanisms 

such as direct relaxant actions on the blood vessel wall, inhibition of intracellular 

calcium release or interference with contractile proteins. Unsaturated fatty acids also 
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cause the increased production of vasodilatory prostaglandins, PGF1 and PGI2. It has 

been determined that palm oil is attributed to the protective effect on the 

endothelium of the blood vessels (16). 

However, most lipophilic active compounds are susceptible to chemical 

degradation due to gastrointestinal conditions and environmental effect during 

storage. The production process also allows palm oil to undergo oxidation and lose 

its vitamin and provitamin content. Oxidation also reduces the half-life of the 

product. Encapsulation is one of the systems prepared to protect the compounds 

from environmental effects and is generally used to develop lipids delivery systems. 

This nanoencapsulation can also be done by adding the wall material by spray drying 

the nanoemulsion products (17,18). 

 

2.5. Bioavailability enhancement 
 

Synthetic and natural active compounds are categorized in Biopharmaceutical 

Classification System (BCS) class I which have high solubility in water and well 

absorbed in GI tract. Moreover, APIs which have low solubility but high permeability 

are classified in BCS II and which have poor permeability and high solubility are 

classified as BCS III. The worst is the substance with low solubility and permeability is 

BCS class IV drug. 
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Figure  7 Solubility and permeability enhancement in BCS diagram (34)  
 

Bioavailability is the key factor to obtain pharmacological effects of an oral drug. 

The bioavailability of a solid compound which is categorized as class II in the 

Biopharmaceutical Classification System depends on its low solubility and dissolution 

rate (35). Based on the Figure 7, solubility enhancement could be done with several 

modifications such as particle size reduction, soluble salt formation, solid dispersion, 

cyclodextrin complexes and nanoparticles formation. Currently, several studies have 

shown that encapsulation through nanoemulsion formulation successfully increased 

the bioavailability of active compounds. Nanoemulsion (oil-in-water) as a dosage 

form, is capable to incorporate hydrophobic and amphipathic drugs into its systems 

(36). 

 

2.6. Nanoemulsion 
 

Emulsion-based system is a form of encapsulation suitable for lipophilic 

compounds (17). Emulsion is a colloidal system where the oil phase is dispersed in 
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the aqueous liquid. However, an emulsifier also needs to be added to the system to 

get the oil phase emulsified. The emulsifier can reduce the interfacial tension 

between the oil and aqueous phase and prevents the possibility of the aggregation 

(20). Selection of the best combination of emulsifier concentration is very important 

to get emulsions that are thermodynamically stable (19,37). Particle size reduction in 

nanoemulsion also increases Brownian motion of the substance which prevents 

creaming and sedimentation (38). 

The nanoemulsion system has several advantages to be used as an active 

compound delivery system, including: 

1) Thermodynamically and kinetically stable 

2) Increase the physical stability of conventional dosage forms 

3) Non-toxic and non-irritant 

4) Can be used on various administrative routes 

5) Can be used to dissolve hydrophilic and lipophilic drugs 

6) Encapsulates oil based active compound and protects against hydrolysis and 

oxidation 

7) Increase the surface area of nanodroplets that contact with media, so that it 

can increase absorption and bioavailability 

8) Encapsulate for taste and odor masking, and increase patient compliance. 

9) Increase drug efficacy, reduce dose requirements and the risk of side effects 

(39). 

In addition, nanoemulsion can also be a solution in the preparation of essential oils 

as active compounds. The weakness of this compound which generally has poor 

water solubility, low stability and high volatility can be improved with nanoemulsion 
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formulation, so that the solubility can be increased by the formation of oil droplets 

in the surfactant-water phase (40).  

Nanoemulsion production initiates the formation of the nanoencapsulation 

system, in which the oil phase is emulsified through the use of an emulsifier. 

Furthermore, the nanoemulsion is formed into small drop sizes with high surface 

areas. Nanoemulsion system offers several potential advantages over conventional 

emulsions, such as a good physical stability, higher solubility, increase bioavailability, 

targeted delivery of encapsulated substances, and able to incorporate high 

nutritional value oils (19).  

 

2.7. Techniques of nanoemulsion formulation 
 

The nanoemulsion is formed from a colloidal nanosystem, where there is a 

dispersed phase which is stabilized by the addition of a surfactant. Two continuous 

phases of nanoemulsion consists of oil and water phases. These two phases are 

immiscible each other. Surfactants help as interfacial surface agents. In addition, 

external mechanical and chemical energy is also required in the preparation of 

nanoemulsion systems. The preparation methods used to form nanoemulsions can 

be classified into two types, namely high-energy emulsification methods and low-

energy emulsification methods (39). 
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Figure  8 Illustration of high energy method of nanoemulsion preparation (39) 
 

 

Figure  9 Illustration of low energy method of nanoemulsion preparation (39) 
 

High-energy emulsification methods (Figure 8) are method that involve 

mechanical energy. Meanwhile, low-energy emulsification methods, as shown in 

Figure 9 utilize chemical energy to form an emulsion system. Some examples of 

techniques that are classified as high-energy emulsification methods are high-shear 

blending, high-pressure homogenization, and ultra-sonication. Meanwhile, phase 

inversion temperature, emulsion inversion point and solvent displacement are some 

of the techniques included in the low energy emulsification method (39,41). 

The high-energy emulsification method is used because of its ability to reduce 

the droplet size which is very effective in a short process time and the physical 

properties of the nanoemulsion are also well controlled (36). One of the high-energy 
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emulsification methods is high pressure homogenization or microfluidization. Oil-

based substances such as olive oil and seed oil (42,43), protein (44,45), extract (46) 

and isolates from herbal such as capsaicin and β-carotene (47,48) are some of the 

substances that had been successfully prepared into nanoemulsion with high-

pressure homogenization. This technique utilizes a high-pressure homogenizer, which 

forces the emulsion to pass through a small orifice of a certain specification at very 

high pressures. The suspension or emulsion is formed from the combined effect of 

cavitation, shear, and impact. This process combination is effective for destroying the 

oil and water phase into very small size droplet in a low concentration of surfactant 

compared with low-energy (19,39,49,50).  

Ultrasonication is also a high-energy emulsification method. The process 

involves droplets breakdown by high-frequency of ultrasound waves. The probe 

delivers very high energy, passed through the liquid medium, produces mechanical 

vibration and cavitation which forms a nanoemulsion (51,52). Parameters that need 

to be considered in sample preparation with the ultrasonicator instrument include 

the energy given, the probe diameter, amplitude, process time and frequency (53). 

High-pressure homogenizer is preferred in nanoemulsion preparation because of their 

relatively fast process, but this technique requires very high energy and the products 

particle size are less controlled. Meanwhile, ultrasonication can be more efficient in 

controlling the physical characteristics of the emulsion produced (54).  Currently, 

ultrasonication has succeeded in forming nanoemulsion of various materials, such as 

curcumin (53), vitamin D (55), β-carotene (56), eugenol (57), valproic acid (58), D-

limonene (59), and various types of oil-based substances such as garlic oil (60), 

eucalyptus oil (61) and other essential oil (62). 
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2.8. Spray drying 
 

Spray drying is a material change technique from a fluid state to form dry 

particles by spraying the feed into a chamber with a hot drying air flow. The material 

to be sprayed on the instrument shown in the Figure 10 can be in the form of a 

solution, suspension or paste. Fluid feed undergoes several stages until it becomes 

dry form, namely: atomization of the feed into spray form, contact between spray 

form and air (mixing and flow), drying stage of the spray form (moisture evaporation) 

and separation of the final product (dry form) from the air (63). Associated with the 

part of the spray dryer, the drying process can be grouped into several zones, 

namely the zone where the sample firstly flow via a pneumatic transport system, the 

drying chamber zone and the integrated fluidized bed zone (64). 

The drying performance and the physicochemical properties of substance are 

strongly influenced by the processing parameters (e.g., drying temperature, flow rate) 

and feed characteristics (e.g., composition, rheological properties and droplet density) 

(64,65). In addition, the type of atomizer used is also very important because it has 

an impact on the physical characteristics of the powder, such as particle size 

distribution, density, solubility and encapsulation efficiency (17). 
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Figure  10 Spray dryer installation scheme (63) 
 

Spray drying is used in food production to retain the substance from physical, 

chemical, or biological worse changes. As in powdered milk production, amphiphilic 

protein plays a role as a fat emulsifier and then dried with a spray dryer until it 

reaches the final water contents of <3% to reduce physical instability (38). 

Furthermore, in improving the characteristics and sealing the compound, 

nanoencapsulation can be done as an option. Emulsification is carried out as an 

initial stage and followed by spray drying to produce the powders from oil in water 

(O/W) nanoemulsion (17). With this modification, the possibility of degradation 

caused by oxidation can also be lowered. Spray drying forms an encapsulated 

system to retain the active substance, although slight oxidation can still occur on the 

surface of the system (21). Spray drying can also maintain the stability of the 

nanoemulsion from possible damage caused by the Oswald ripening event (22). In 

several studies of nanoemulsion in enhancing the active substance, such as 
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vegetable oil (22), eugenol (40), citrus oil (65), α-tocopherol (66) and krill oil (21), 

spray dryers had succeeded in forming spherical-shape and stable 

nano/microencapsulate with increasement in its physicochemical characteristics.  

 

2.9. Poloxamer 188 
 

Poloxamer, also called lutrol, monolan, pluronic, poloxalkol, poloxamera, 
polyethylene–propylene glycol copolymer, supronic or synperonic is widely used as 
dispersing agent, emulsifying agent, and solubilizing agent (67). Poloxamer is known 
as triblock copolymers of poly(ethylene oxide) and poly(propylene oxide) (PEO–PPO–
PEO)  with the molecular structure shown in Figure 11 and has forms as shown in 
Table 3. The polyoxyethylene part of poloxamer is hydrophilic while the 
polyoxypropylene segment has hydrophobic characteristics (67,68).  

 

Figure  11 Molecular structure of poloxamer (67) 
 

Table  3 Grade and molecular weight of poloxamer (67) 
Poloxamer Physical 

form 
a B Average molecular 

weight 
124 Liquid 12 20 2090-2360 
188 Solid 80 27 7680-9510 
237 Solid 64 37 6840-8830 
338 Solid 141 44 12700-17400 
407 Solid 101 56 9840-14600 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 26 

Poloxamer occurs as white, waxy and free-flowing granules or cast solids. They 

are practically odorless and tasteless. Poloxamer 188 is freely soluble in water and 

organic solvent such as ethanol (67). Several kinds of active compound, such as 

acyclovir, rifampicin, naringenin, curcumin, soybean oil and fish oil have already 

formed into nanoemulsion and administered into orally (69,70), parenteral (71), 

ocular (72,73), until brain targeting (74) routes. 

 

2.10. Span 80 
 

Span 80, also known as sorbitan monooleate, is a compound that has widely 

used in the pharmaceutical industry. Span 80 is used in the dosage form formulation 

as a non-ionic surfactant, dispersing agent, emulsifying agent, solubilizing agent, 

suspending agent, and wetting agent (75,76). This sorbitan esters compound is used 

to formulate stable water-in-oil emulsions, microemulsions, nanoemulsions, 

liposomes and also self-emulsifying drug delivery systems for poorly soluble 

compounds (75,77,78). 

 

 

Figure  12 Molecular structure of sorbitan esters (75) 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 27 

 

Span 80 is included in the sorbitan esters group with the formula C24H44O6 and 

molecular structure as shown in the Figure 12, where R1
 and R2

 are OH groups; and 

R3
 is (C17H33)COO (75). The commercially Span 80 contains not only a sorbitan 

monoester with a molecular weight of 429, but also di-, or tri-ester. The lipid 

composition in the Span 80 vesicle has been reported depend on its diameter (77).  

Span 80 vesicle can efficiently delivering anti-cancer drugs, resulting a significant 

inhibition of the tumor growth of colon carcinoma (77). In addition, span 80 is also 

used in the formation of nanoemulsions. It is practically insoluble in the aqueous 

phase, so it is possible that all amounts of Span 80 are located on the surface and 

into oil droplets of the nanoemulsion (79). Span 80 in nanoemulsion formulations is 

used for delivering several active ingredients, such as drugs, genes, and extracts 

(76,80), maintaining stability (79), and forming a nanofibrous membrane matrix (81). 

 

2.11. Tween 80 
 

Tween 80 is included in the polyoxyethylene sorbitan fatty acid esters group, 

also known as polysorbate 80 or polyoxyethylene 20 sorbitan monooleate. 

Polyoxyethylene sorbitan fatty acid esters (polysorbates) is a series of partial fatty 

acid esters of sorbitol and its anhydrides copolymerized with ethylene oxide. Figure 

13 shows the molecular structure of polyoxyethylene sorbitan monoester, where 

Tween 80 has fatty acids at position R and approximately 20 moles of ethylene oxide 

for each mole of sorbitol and its anhydrides at w, x and z position (82).  
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Figure  13 Molecular structure of polyoxyethylene sorbitan monoester (82) 
 

Tween 80 is a hydrophilic non-ionic substance used as dispersing agent, 

emulsifying agent, solubilizing agent, suspending agent, wetting agent and surfactant 

based on its hydrophilic lipophilic balance. It is also known improving the oral 

bioavailability of drugs that are substrates for P-glycoprotein (82,83). Tween 80 has 

succeeded in forming nanoemulsion dosage form to improve physicochemical 

characteristics, solubility and stability of drugs, oil, natural extract and isolate such as 

indinavir (84), vitamin D (55), cinnamon oil (85), clove oil (86), and curcumin (83). 

 

2.12. Lecithin 
 

 

Figure  14 Molecular structure of lecithin (α-Phosphatidylcholine) (87) 
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The general structure of lecithin can be seen in the Figure 14. Lecithin is a 

complex mixture of phosphatides that consists of phosphatidylcholine, 

phosphatidylethanolamine, phosphatidylserine and phosphatidylinositol, combined 

with various amounts of other substances such as triglycerides, fatty acids, and 

carbohydrates as separated compound from a crude vegetable oil source. The 

composition of lecithin varies according to the source of the lecithin and the degree 

of purification. The composition variations also differentiate the physical 

characteristics of each type of lecithin (87).  

The free fatty acid content of lecithin gives variations in the physical form of 

lecithin, viscous semiliquid to powder form. The brown to light yellow colour of 

lecithin is based on the level of purity and the bleaching process. Oxidation can 

occur in lecithin once exposed to water, forming a darker yellow or brown colour. 

Lecithin is soluble in aliphatic and aromatic hydrocarbons, halogenated 

hydrocarbons, mineral oil, and fatty acids. It is practically insoluble in cold vegetable 

and animal oils, polar solvents, and water (87). Lecithin has successfully formulated 

tacrolimus (88), carvacrol (89), thymol, eugenol (90), vitamin E (91), curcumin (92), 

and β-carotene (93) into nanoemulsion which are delivered orally and transdermal. 

 

2.13. Maltodextrin  
 

Maltodextrin is a white powder or granules, unsweet and odorless, nutritive 

saccharide mixture of polymers that consist of D-glucose units, with a dextrose 

equivalent (DE) less than 20. The D-glucose units are linked primarily by α- (1->4) 

bonds but there are branched segments linked by α- (1-> 6) bonds as shown in the 

Figure 15 (94).  
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Figure  15 Molecular structure of maltodextrin (94) 
 

The solubility, hygroscopicity, sweetness, and compressibility of maltodextrin 

increase as the DE increases. Maltodextrin is widely used as an aqueous coating 

agent, tablet and capsule diluent, tablet binder and viscosity increasing agent. It is 

also used as a carrier in a spray-dried redispersible oil-in-water emulsion, in order to 

improve the bioavailability of poorly soluble drugs (95). Many active ingredients have 

been successfully stabilized from nanoemulsion or nanoencapsulation form by 

utilizing the spray drying method and maltodextrin carrier, including carotenoids (96), 

Moringa oleifera oil (97), corn oil (98), curcumin (99), chili seed oil (100), vitamin A 

(101), fingered citron extract (102), and propolis (103). 

 

2.14. Hypertension animal models 
 

Several hypertension animal models have been developed. This was done for 

mimicking human hypertensive responses, understanding hypertension progress in 

the body, and observing antihypertensive activity of drugs. Hypertension studies have 

often been modeled with dogs previously, and are currently moving to rats 
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modeling, some other researches using mice, monkeys and pigs. Several strains of 

rats frequently used in hypertension animal models are Spontaneously hypertensive 

rat (SHR), New Zealand, Milan, Sabra, Lyon, and Dahl salt-sensitive (104). 

Observations of type 1 (essential) hypertension generally focuses on the RAAS 

pathways. SHR (from inbreeding Wistar rats), Dahl salt-sensitive rats (that derived from 

normal to 8% NaCl induced Sprague-Dawley rats), and transgenic model mouse are 

commonly used on modeling this type of hypertension (104,105). Furthermore, 

hypertension can be induced by using high salt diet in outbred rats as well. Briefly, 

high salt diet was given to the rats ad libitum in food (4 - 8% NaCl) or drinks (1 - 2% 

NaCl) (105–112). High salt induction was maintained for up to 4 weeks or more. 

During this process, there would be an increase in blood pressure, mesangial 

expansion and glomerulosclerosis, which were related to sodium retention based on 

the duration and the route of salt administration. On long-term induction, renal 

damage may also occur, as indicated by fibrosis of renal interstitial and inflammation 

by T-cells and macrophage infiltrates. Other results seen from high salt intake were 

NO production improvement and impaired homeostatic responses of angiotensin 

(105–107,109). Other hypertension models can also be developed using DOCA-

induced (with or without nephrectomy) rats for endocrine hypertension, stress-

induced hypertension rats for environmental hypertension, L-Name as NOS inhibitors 

administered rats for pharmacological hypertension, and kidney-clip hypertension 

rats for renal hypertension (104,105). 
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CHAPTER 3 
MATERIALS AND METHODS 

 

 

3.1. Materials and Machines 
3.1.1. Materials 
 

1. Asiatic acid (≥ 95%) (New Natural Biotechnology Co.,Ltd, Shanghai, China) 

2. Asiatic acid standard (≥99%) (LKT Laboratories, Inc, USA) 

3. Palm oil (Sigma-Aldrich, St.Louis, Missouri) 

4. Span 80 (S.Tong Chemicals, Nonthaburi, Thailand) 

5. Poloxamer 188 (Kollliphor®, Sigma-Aldrich, St.Louis, Missouri) 

6. Tween 80 (Maximax Pro Co., Ltd, Bangkok, Thailand) 

7. Soy lecithin (Sigma-Aldrich, St.Louis, Missouri)  

8. Maltodextrin (Sigma-Aldrich, St.Louis, Missouri) 

9. Triton X-100 (Calbiochem, Merck Millipore Co., Darmstadt, Germany) 

10. Magnesium stearate (S.Tong Chemicals, Nonthaburi, Thailand) 

11. Absolute ethanol (Emsure, Merck Millipore, Co., Darmstadt, Germany) 

12. Acetonitrile in Honeywell B&J HPLC grade (Chemical Express Co., Ltd, 

Samutprakarn, Thailand) 

13. Methanol in Honeywell B&J HPLC grade (Chemical Express Co., Ltd, 

Samutprakarn, Thailand) 
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14. HPLC column Halo® C18 5 µm 90Å (250 x 4.6 mm) (Applied Chemical and 

Instrument Co., Ltd, Bangkok, Thailand) 

15. ACE1 activity assay kit (colorimetric) (Sigma, St.Louis MO)  

16. Sodium chloride (Supelco, Merck, Darmstadt, Germany) 

17. Captopril (TCI, Shanghai, China) 

18. Hydrochloric acid (Merck Milipore Co., Darmstadt, Germany) 

19. Tribasic sodium phosphate (Merck Milipore Co., Darmstadt, Germany) 

20. Fetal Bovine Serum (FBS) (Gibco®, Life Technologies Ltd, Paisley, UK) 

21. Penicilin (10,000 units/mL)-Streptomycin (10,000 µg/mL) (Gibco®, Life 

Technologies Ltd, Paisley, UK)  

22. L-glutamine 200mM (100X) (Gibco®, Life Technologies Ltd, Paisley, UK) 

23. Dulbecco’s Modified Eagle Medium (DMEM) powder (Gibco®, Life Technologies 

Ltd, Paisley, UK)  

24. Phosphate-Buffered Saline (PBS) tablets (Gibco®, Life Technologies Ltd, Paisley, 

UK)  

25. 0.25%Trypsin-EDTA (1x) (Gibco®, Life Technologies Co., NY, USA)  

26. Sterile dimethyl sulfoxide (DMSO) (Sigma-Aldrich, St.Louis, Missouri)  

27. MTT dye (Invitrogen®, Life Technologies Limited, Paisley, UK) 

28. Zetasizer capillary cells (Malvern DTS 1070, UK) 
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3.1.2. Equipment  
 

1. Analytical balance (Mettler Toledo, Germany) 

2. Magnetic stirrer and Magnetic bar (Biosan MPS-9, Latvia) 

3. Vortex mixer (Velp Scientifica ZX4, Italy) 

4. Ultra turrax (IKA T25 digital, Thailand) 

5. Ultrasonicator processor (Sonics Vibra-cell, USA) 

6. Spray Dryer (Buchi B-290, Germany) 

7. High pressure liquid chromatography (Agilent 1260 Infinity II, USA) 

8. Freezer -20oC (Sharp FC-27, Thailand) 

9. Climatic chamber (Binder KBF 720, Germany) 

10. Morphologically-directed raman spectroscopy (MDRS) (Malvern Morphologi 4-ID, 

UK) 

11. Zetasizer (Malvern Instruments Nano ZS, UK) 

12. Dry-powder disperser (Scirocco 2000, Malvern, UK) 

13. Micropipette (2-20 ml, 20-200 ml, 100-1000 ml, 1-5 ml; Gilson, USA) 

14. Shaking incubator (LabTech LSI-3016R, China) 

15. Powder X-ray Diffractometer (Bruker D8, UK) 

16. Fourier Transform Infrared (PerkinElmer 843 System, USA) 

17. Scanning electron microscope (Jeol JSM-IT500HR, Japan) 

18. Transmission electron microscope (Jeol JEM-2100, Japan) 
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19. Thermogravimetric Analysis (TGA) Instrument (NETZCH TG 209 F3 Tarsus, 

Germany) 

20. pH meter (Mettler Toledo FiveEasy, Germany) 

21. Microsentrifuge (Eppendorf 5425, Germany) 

22. Dissolution tester (Vankel VK 7000, USA) 

23. Moisture content balance (Mettler Toledo HR83, Germany )  

24. Non-invasive tail-cuff plethysmography (AD Instrument Powerlab 8/35 and NIBP 

controller; Dunedin, New Zealand) 

25. Incubator (Thermo Scientific Steri-Cycle i160, USA) 

26. Microscope with camera (Nikon Eclipse TS2, Thailand) 

27. Microplate reader (CLARIOstar®, BMG LABTECH, Germany) 

28. Fume hood (ProLAB DEA2014, Thailand) 

29. Biological safety cabinet (Thermo Scientific 1300 Series A2, USA) 

30. Utrasonic bath (Elma Transsonicdigital, USA) 

 

3.2. Methods 
3.2.1. Pre-formulation study 
 

Pure asiatic acid and excipients powder were visually checked and tested using 

Fourier transform infrared spectroscopy (FTIR), thermogravimetric analysis (TGA) and 

x-ray diffractometer (XRD). This test was intended to ensure the purity of the material 

qualitatively and its similarity with the theoretical and certificate of analysis. Asiatic 

acid purity was quantitatively determined by validated method using High 

Performance Liquid Chromatography (HPLC) and ensuring the peak was not interfered 
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by the matrix. Preliminary studies were also done to find the value of controlled 

variable used in the formulation process, such as drug-surfactant ratio, speed and 

mixing time in ultraturrax, time and energy used in sonication, inlet temperature, flow 

rate and aspirator rate of spray drying process. 

 

3.2.2. Preparation of Asiatic acid nanoemulsion 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure  16 Schematic of asiatic acid nano/microencapsulate formulation

Oil phase: 

Palm oil 

Lecithin 

Span 80 

Water phase: 

Poloxamer 188 

Tween 80 

Deionized water 

Asiatic acid 

Dissolved in ethanol 

Pre-homogenization with 

ultraturrax: 10000 rpm for 5 min 

Homogenization with sonicator: 

60%, 13 W, for 7 min 

Spray drying 

Evaluation and 

characterization of 

nanoemulsion 

Added dropwise in 5000 rpm of 

stirring 
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The asiatic acid nanoemulsion formulation was carried out in both phases as 

shown in the Figure 16. The process was started with melting palm oil from the 

storage and adding oil phase surfactant. On the other hand, asiatic acid was dissolved 

in 9.8 mL of ethanol and added into the oil phase. Pre-homogenization was started 

with low speed (5000 rpm), and water phase (consisting of surfactant and deionized 

water) was then added dropwise to the oil phase in the glass beaker. Ultraturrax 

speed was then increased to 10000 rpm until it reached 5 minutes. The process was 

then continued with homogenization with a probe sonicator for 7 minutes in 13 W 

strength and 60% amplitude to form asiatic acid nanoemulsion. All weighing steps 

followed what was written on the Table 4 according to the prepared formula. 

 

3.2.3. Spray drying of Asiatic acid-Palm oil nanoemulsion 
 

The spray drying process was carried out after the nanoemulsion had formed 

and stored for about 5 days. Maltodextrin as a carrier and magnesium stearate as a 

lubricant were added just before drying. Previously, both ingredients were weighed as 

written in the Table 4 and dissolved in 7 ml hot deionized water. Maltodextrin 

solution and magnesium stearate were then poured gradually into the nanoemulsion 

with constant stirring of 5000 rpm. The mixing process was continued for 5 minutes 

and dried under the conditions written in the Table 5. 

 

Table  5 Parameters in Spray Drying Process 
Parameter Value 
Spray gas flow 40 mm (473 Liters/hour) 
Inlet temperature 70oC 
Aspirator rate 90% (35 m3/hour) 
Pump 15% (5.5 ml/min) 
Nozzle clean 1 
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3.2.4. Characterization of spray dried Asiatic acid-Palm oil nanoemulsion 
3.2.4.1. Particle size and zeta potential 
 

Particle size analysis was carried out by wet and dry method. Nanoemulsion and 
redispersed product of nano-asiatic acid droplet size and zeta potential were 
determined using Zetasizer Nano ZS. The principle of this instrument involves 
dynamic light scattering and electrophoresis in the analysis. Prior to the 
measurement, all of the samples were diluted to the ratio of 1: 100 in deionized 
water to prevent multiple scattering effects during size analysis. Triplicate samples 
along with three measurements were considered for ensuring repeatability of the 
analysis (54). The results of this evaluation were described by the droplet size 
(intensity weighted mean diameter, Z-average diameter), droplet size distribution in 
polydispersity index (PDI) and zeta potential of the nanoemulsions (113).  

In the meantime, dry products were evaluated by morphologically-directed 
raman spectroscopy (MDRS) using a Malvern Morphologi 4-ID in dry method. At 3 bar 
of air pressure, dry powder of pure asiatic acid and microparticles were spread on a 
glass plate and analyzed under calibrated conditions and the appropriate 
magnification. These observations yielded the mean particle size of number 
distribution, D90, D50, and D10 values. Span value was measured from D90, D50, and 
D10 to indicate particle size distribution, with a larger span value indicating a more 
extensive size distribution. Sharp and narrow peak showed homogeneous particle 
size (114). The sample span was defined by the equation below:  

 

𝑆𝑝𝑎𝑛 𝑣𝑎𝑙𝑢𝑒 =
(𝐷90 − 𝐷10)

𝐷50
 

 

3.2.4.2. Particle shape and morphology by SEM and TEM 
 

The morphology of asiatic acid nanoemulsion were observed with a 
Transmission Electron Miscroscope (TEM) at 80 kV. Approximately 5 µL of diluted 
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nanoemulsion (1/100) was dropped onto 3 mm carbon film coated copper grid, 
stained with 1% phosphotungstic acid solution for 30 seconds, and kept in room 
temperature for 3 h to dry, before being analyzed by TEM. Film imaging mode was 
used in the observation to obtain TEM images (48).  

While, Scanning Electron Microscopy (SEM) was used to observe the shape and 
morphology of pure materials, physical mixture and microencapsulate at 10 kV and 
10 mA. Samples were initially fixed on a double-sided adhesive carbon tape and 
sputter coated with gold for 3 min at 25 mA. Some pictures were then obtained at 
several magnification 
 

3.2.4.3. Functional group changes with FT-IR 
 

The pure materials, physical mixture and microencapsulate were studied by 
Fourier Transform Infrared (FT-IR) spectroscopy. IR determined interactions between 
asiatic acid and excipients used in formulation. Samples were prepared in potassium 
bromide (KBr) disks, pressed and analysed using an IR spectrophotometer. The 
scanning range was 400–4000 cm-1 at a resolution of 1 cm−1, and IR spectra results 
were recorded (115). 

 
3.2.4.4. Heat properties with TGA 
 

The heat resistance of the microencapsulate, physical mixture and unprocessed 
compound were evaluated with Thermogravimetric Analysis (TGA). The temperature 
was increased from 0°C to 600°C at a rate of 10°C/min using TGA (NETZSCH TG 209 F3 

Tarsus). In this evaluation, the mass changes and decomposition temperatures of 
the samples were determined. 
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3.2.4.5. Crystallinity changes with X-ray diffractometer 
 

Raw materials, physical mixture and microencapsulate were analyzed by X-ray 
diffraction (XRD) at 40 kV and 30 mA to determine the degree of crystallinity before 
and after processing. Patterns were obtained with a beam angle varying from 5° to 
40° and a step size of 0.023° (116). Changes in crystallinity degree were not only seen 
after formulation, but could also occur during storage.  

 
3.2.5. Total product recovery (yield) 
 

The total product recovery (PRec.) was calculated from spray drying process. 

Total product recovery was an important parameter to determine the efficiency of a 

formulation process (116). It was defined as the percentage ratio of the final mass 

that collected to the initial mass delivered to the drying vessel, as shown below (65):  

PRec. =
collected product − powder mass

total mass of solid in the feed
 x 100% 

 

3.2.6. Asiatic acid content and recovery 
 

Accurately weighed samples were dissolved in methanol and active substance 
concentration was determined using an high pressure liquid chromatography (HPLC) 
and calculated by proportional calibration curve of asiatic acid. The test conditions 
used were the mobile phase of acetonitrile : water (45: 55) which flew at a speed of 
1mL/min. The injection volume of each observation was 20 µL and the asiatic acid 
peak was observed at a wavelength of 205 nm. Each sample was analyzed 3 times 
and the mean values were reported. Asiatic acid content (Cont.) was obtained by 
dividing the mass of asiatic acid in the analyzed sample to the total sample mass 
(116), as follows: 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 42 

 

Cont. =  
AA mass in sample

Total sample mass
 x 100% 

Asiatic acid recovery (AA Rec.) was calculated as shown below:  

AA Rec. =  
Product Rec. x Cont.

AA content in feed
 

Asiatic acid content measurement used microencapsulate product and physical 

mixture at several sampling points to ensure product uniformity and homogeneity 

during mixing and precipitation process. 

 

3.2.7. Moisture content  
 

The microencapsulate as samples were initially weighed and the moisture 
content evaluation was done instrumentally. Moisture content balance was used to 
obtain samples moisture content by comparing the weight difference in the pan 
before and after drying process by infrared heat. Moisture content was automatically 
calculated as calculation shown below: 

 

Moisture content (%) =
initial weight − final weight

final weight
x 100 

 

3.2.8. Flowing properties 
 

Flow characteristics were determined from the compressibility index and 

Hausner ratio of spray dried products. The compressibilty index and hausner ratio 

could be determined by calculating the unsettled apparent volume (V0) and final 

tapped volume (Vf) of the material as shown below: 
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Compressibility Index = 100 × [(V0 – Vf)/V0] 

Hausner Ratio = (V0/Vf) 

 

In addition, the compressibility index and hausner ratio could also be obtained from 

bulk density (Pbulk) and tapped density (Ptapped) as follows: 

 

Compressibility Index = 100 × [(Ptapped − Pbulk)/Ptapped] 

Hausner Ratio = (Ptapped/Pbulk) 

 

Based on these calculations, then the flow characteristics of the sample classified 

according to the Table 6 below (117): 

 

Table  6 Scale of Flowability (114)  
Compressibility index (%) Flow Character Hausner Ratio 

≤ 10 Excellent 1.00-1.11 
11-15 Good 1.12-1.18 
16-20 Fair 1.19-1.25 
21-25 Passable 1.26-1.34 
26-31 Poor 1.35-1.45 
32-37 Very poor 1.46-1.59 
>38 Very, very poor >1.60 
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3.2.9. Solubility test 
 

The apparent solubility of the asiatic acid was analysed by adding excess sample 
to 10 ml of distilled water. The suspension was then sonicated at 25°C until 
equilibrium or saturated solubility attained. Then the suspension was filtered with a 
0.22 µm syringe filter. Asiatic acid concentration was determined by HPLC. 
Experiments were performed in triplicates and the mean values were calculated 
(116,118). 
 

3.2.10. In-vitro release profile 
 

Dissolution profile of asiatic acid was performed in simulated gastric and 

intestinal fluids. The asiatic acid release profile was determined by paddle method. 

The volume of the medium was 112.5 mL of 4% triton X-100 in 0.1 N hydrochloric 

acid for the first 2h, and then 37.5 mL of 4% triton X-100 in 0.20 M tribasic sodium 

phosphate solution was added to adjust the pH from 1.2 to 6.8 ± 0.05 for the 

remaining 1 h. The process of medium changes by adding the buffer and adjusting 

was within 5 minutes (119,120). 

Pure asiatic acid, microencapsulate and the physical mixture (equal with 10 mg 

of asiatic acid) were filled in no. 1 gelatine capsule, added inside the sinker to the 

simulated fluids, and maintained at 37 ± 0.5°C with 100 rpm stirring. After 5, 15, 30, 

60, 120, 150, and 180 mins, 3,0 ml samples were taken, and the removed fluid was 

replaced by fresh simulated gastric or intestinal fluid. Samples were filtered using a 

pore size of 0.45 µm filter to remove undissolved particles. Afterward, samples were 

diluted in a mixture mobile phase to avoid the possible precipitation of solubilized 

asiatic acid. The concentrations of asiatic acid in the samples were measured by the 

HPLC assay method, and drug release data were collected (120,121). 
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3.2.11. Stability test 
 

Microencapsulated asiatic acid products were stored in primary packages (glass 

bottle), sealed and kept in the climatic chamber. Storage conditions for accelerated 

conditions were at a temperature of 40 ± 2◦C and a relative humidity of 75 ± 5%. 

Samples were kept up to six months and physical-chemical properties were 

evaluated at 3 and 6 months sampling time (122). 

 

3.2.12. Molecular docking investigation 
 

The 3D structures of the asiatic acid, captopril (as standard compound) and the 

target protein (ACE PDB ID 1O86) were available from PubChem 

(https://pubchem.ncbi.nlm.nih.gov/) and the RCSB PDB (http://www.rcsb.org/), 

respectively. Pymol 2.5 was used to remove water molecules and the lisinopril 

molecule from the 3D structure of the protein. Pyrx 0.8 was then used to perform 

molecular docking between asiatic acid and captopril with ACE. The conformation 

with the highest negative binding energy was chosen, and the docked complex was 

transformed to a 2D structure using BIOVIA Discovery Studio Visualizer 2021 (Biovia, 

San Diego, CA, USA) to analyze the interactions resulted at the binding site of 1O86 

with asiatic acid and captopril (123,124). 

 

3.2.13. Formula selection for In-vivo study 
 

The formula that produced the product with the most optimal characteristics 

was selected for cell viability and in-vivo study. Physical and chemical characteristics 

specification of the nanoemulsion and spray dried microparticles must be met, 
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where the criteria or acceptance values of each specification have written in Table 7 

below: 

Table  7 Product specification and acceptance criteria 
Specification Acceptance value/criteria 
Nanoemulsion particle size < 500 nm 
Zeta potential > +30 mV or > -30 mV 
Dry product particle size <10 m 
Particle shape and morphology Spherical shape and smooth surface 
Product yield > 70% 
AA content recovery > 60% 
  

Products that met these criteria then was determined based on the increase in 

solubility and dissolution rate. Spray dried product with the highest solubility value 

and dissolution rate was observed for further safety to the cells and followed by an 

in-vivo study. 

 

3.2.14. Cell viability 
3.2.14.1. Cell culture  
 

Caco-2 cells were routinely subcultured and seeded for this study. The old 

media was rinsed with PBS (1x, pH 7.4) and 1000 µl trypsin (0.25% Trypsin-EDTA 1x). 

Following that, DMEM media, heated FBS, Penicillin (10,000 units/mL)-Streptomycin 

(10,000 µg/mL), and L-glutamine 100mM (100X) were added and incubated at 37°C in 

a humidified condition of 5 percent CO2. CaCo-2 cells with passage numbers ranging 

from 20 to 30 were seeded and used in viability test. 
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3.2.13.2. Caco-2 cell toxicity with MTT test  
 

The seeded Caco-2 cells growth was examined microscopically for MTT assay 

and seeded 10 µl in 96-well plates, which were then filled with 10 µl of dissolved 

sample. After 24 hours, the media was replaced with MTT solution (0.5mg/ml) and 

incubated at 37oC for 3 hours. Light must be kept out of the incubation process. The 

MTT solution was then replaced with DMSO and the absorbance of each well was 

measured using a microplate reader (CLARIOstar®, BMG LABTECH, Germany) at 570 

nm. Cell viability was calculated as a percentage of control due to the effects of 

asiatic acid, AA microparticle, and matrix. 

 

3.2.15. Non-invasive antihypertensive activity 
 

The study protocols were done in compliance with regulations for the care and 
use of experimental animals and were approved by the Institutional Animal Care and 
Use Committee of Faculty of Pharmaceutical Sciences, Chulalongkorn University (No. 
21-33-009). The 12-hour dark/light HVAC (heating, ventilation, and air conditioning) 
system was used to house adult Sprague Dawley (SD) male rats (9 weeks old) that 
were purchased from Nomura Siam International, (Bangkok, Thailand), Following a 
week of habituation, animals were drank a high-salt (2% sodium chloride) diet for 10 
weeks to develop hypertension. The treatment was then initiated after the rats 
blood pressure and ACE1 activity increased. 
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Figure  17 Minimum sample size by G* power analysis 
 

The animals were subsequently split at random into one non-hypertensive 
group and four treatment groups (n = 8 per group) as calculated by G* power 
analysis and shown in Figure 17. The treatment was given orally asiatic acid, asiatic 
acid microparticle, captopril, or matrix daily. Oral dose of asiatic acid, AA 
microparticle (equivalent to 30 mg/kg/day of asiatic acid), matrix, or captopril (5 
mg/kg/day) was provided for three consecutive weeks as shown in Figure 18 (A-B). 
Using non-invasive tail-cuff plethysmography, the systolic blood pressure was then 
recorded at 0, 2, 4, 5, 6, 7, 8, 9 and 10 weeks of salt induction and after 11, 12, and 
13 weeks of treatment period. The instrument amplifier provided the pulse 
amplitude before recording the blood pressure as shown in Figure 18 (C-D). Each rat 
was measured three times, and the average values were determined. The result was 
then analyzed using two-way ANOVA. After euthanasia, blood samples were obtained 
and analyzed for ACE1 activity and the blood chemistry (6–9,32). Histological changes 
of aorta, heart and kidney also determined after collected in the end of the study, 
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embedded in paraffin, sliced in 0.3 micron of thickness, stained with hematoxylin-
eosin, and observed microscopically at the appropriate magnification. The results of 
histology of tissue were then analyzed descriptively based on a minimal, mild, 
moderate or marked on scale of damage severity (124,125). 

 

 
 
 

 
 

Figure  18 Antihypertensive activity study in rats: Study timeline (A), Orally treatment 
administration (B), Indirect blood pressure test (C), Blood pressure test instrument (D).  
 

3.2.16. ACE1 inhibitory in serum 
 

At week 9 of hypertension induction, serum was obtained from the tail vein, and 

at the end of the treatment process, serum was collected directly from the heart as 

shown in Figure 19. The serum of 0.5 ml collected blood was obtained then by 
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centrifugation. The ACE1 assay buffer, substrate, and enzyme, on the other hand, 

were prepared. 

 

Figure  19 Rats blood collection site at pre- and post-treatment of animal study 
 

On a 96-well clear bottom UV plate, 30 µl serum from each rat was used as a 

sample, with ACE1 assay buffer serving as a blank and ACE1 enzyme serving as a 

positive control. Each well solution was adjusted to 200 µl with ACE1 assay buffer, 

incubated for 10 minutes at 37°C, and then 50 µl of ACE1 substrate was added 

(previously diluted 5 folds with buffer). After removing the bubbles formed during 

mixing, the absorbance was measured using a microplate reader (CLARIOstar®, BMG 

LABTECH, Germany) at 345 nm for 60 minutes. The ACE1 activity of the rats in all 

groups was then calculated using serum absorbance and a blank by following 

equation: 
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Where:  IA345I = Absolute value of the change in absorbance 

  T = Difference between T2 & T1 (min) 

  0.25 = Reaction volume (ml) 

  DF = Sample dilution factor 

  0.34 = Millimolar extinction of ACE1 Substrate 

  V  = Enzyme/Sample volume (ml) 

 

3.2.17. Statistical Analysis 
 

All measurements were performed in at least triplicate. Values were given in the 

form of mean ± standard deviation. The statistical significance of the results was 

determined using one way ANOVA or two way ANOVA with GraphPad Prism Version 

9.4.0, while for qualitative tests such as particle shape and morphology determined 

using descriptive. A p-value of less than 0.05 will be considered statistically 

significant. Statistical analysis ended with Tukey’s post hoc determination. 
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CHAPTER 4 
RESULTS 

 

 

4.1. Physical appearances 
 

 
 

Figure  20 Physical appearances of asiatic acid, phsical mixture and all formula in 
several forms: (a) Powder; (b) Nanoemulsion; (c) Dispersed nanoemulsion in 1:100 
ratio; and (d) Spray dried microparticle 
 

The preparation process was successful in producing the desired output. The 

nanoemulsions were created and physically stable during the initial storage period, 

as shown in Figure 20. As the oil phase, palm oil may effectively distribute asiatic 

acid. As surfactants, span 80, poloxamer 188, lecithin, and tween 80 maintained the 

nanodroplets homogeneity in the aqueous phase.  
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After five days of storage, a spray drier was used to dry the nanoemulsion. As 

illustrated in Figure 20, maltodextrin as a carrier was successful in encapsulating the 

nanoemulsion and produce a microparticle matrix. The drying of the nanoemulsion 

resulted in the formation of microparticles that are physically good. These 

microparticles were continued in the evaluation that followed. 

 

 

                            (a)        (b)                        (c)     

Figure  21 Droplet or particle morphology determined by SEM and TEM; (a) 
Nanoemulsion droplet with 300,000x magnfication by TEM; (b) Spray dried 
microparticle with 10,000x magnification by SEM; and (c) Redispersed nanoparticle 
droplet with 300,000x magnification by TEM 
 

Figure 21 depicts the morphology of the particles and droplets that were 

obtained. Nanoemulsion droplets, spray-dried microparticles, and redispersed 

nanoparticles all had a spherical form. According to the TEM data, the inclusion of 

maltodextrin as a hydrophilic-nonionic carrier altered the appearance of the droplet, 

resulting a negative staining in a brighter core than before the spray drying procedure 

(Figure 21c). 

 

4.2. Characterization of Asiatic acid nanoemulsion and microparticle 
4.2.1. Particle size, distribution and zeta potential 
 

Figure 22 illustrates the particle size, particle distribution, and zeta potential of 

nanoemulsion and dispersed microparticles. In the meantime, Figure 22 depicts the 

particle size and span value of microparticles in dry method. The droplet particle 
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size ranged from 181.6 to 271.1 nm, and the polydispersity index was less than 0.40, 

indicating the formation of a homogeneous nanoemulsion. By delaying the 

production of agglomerates, the nanoemulsion matrix was able to preserve its 

physical stability for up to five days. This was evident from the little changes in the 

nanoemulsion profile on the fifth day, as depicted in Figure 20. In addition, the 

particle size and span value of the produced microparticles were smaller than those 

of asiatic acid powder (6.05 µm). 

The zeta potential of the produced nanoemulsions and microparticles was 

greater than -30 mV. It could be presumed that the stable products possessed a high 

resistance to particle aggregation were created. The nanoemulsion negative charge 

was likely due to the presence of free fatty acids of the oil phase. In the meantime, 

the drop in the zeta potential value of the microparticles might be a result of 

maltodextrin efficacy as a non-ionic carrier in the spray drying process used to 

encapsulate nanoemulsions, including their free fatty acid components. 
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(b) 

 

(c) 

 

Figure 22 Zetasizer wet method result of nanoemulsion and dispersed spray dried 

microparticle: (a) Particle size (b) Particle distribution; and (c) Zeta potential 

 

In Figure 23, LPM microparticles had a lower particle size, whereas LTM 

microparticles showed more uniform particle size. However, when dispersed in water, 

all microparticles could be rapidly dispersed into particle size between 149.0 and 

271.1 nm. This result demonstrates that the surfactant had also been successful in 

creating spray-dried microparticles with a lower particle size than pure asiatic acid, 

which rapidly disperse in water into nanometers scale. 
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(a) 

 

(b) 

 

Figure  23 Dry method particle characterization of spray dried microparticle: (a) Mean 

particle size (b) Span value of particle distribution. 

 

4.2.2. Particle shape and morphology 
 
Figure 24 shows the SEM-determined particle shape and morphology of the raw 

material, physical mixture, and microparticle product. Figure 25 illustrates the 
nanoemulsion TEM results meanwhile. Asiatic acid, with its heterogeneous size and 
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shape produced a non-uniform shape and morphology physical mixture 
microparticle. However, nanoemulsions were obtained in a spherical shape, and the 
spray drying technique was able to produce microparticles with a spherical or nearly 
spherical shape and a smooth particle surface. 

 

 
 
Figure  24 SEM result of raw materials, physical mixture and spray dried microparticle: 
(a) Asiatic acid (b) Lecithin and (c) Maltodextrin in 1000x magnification; (d) Poloxamer 
188 in 50x magnification; (e) Physical mixture in 1000x magnification; (f) LPM1 (g) 
LPM2 (h) LPM3 (i) LTM1 (j) LTM2 (k) LTM3 (l) SPM1 (m) SPM2 and (n) SPM3 in 10,000x 
magnification. 
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Figure  25 TEM result of nanoemulsions in 50,000x magnification: (a) LPM1 (b) LPM2 
(c) LPM3 (d) LTM1 (e) LTM2 (f) LTM3 (g) SPM1 (h) SPM2 (i) and SPM3. 
 
4.2.3. Fourier transform infrared 
 

IR spectra of raw materials, physical mixture and products are shown in Figure 
26. Asiatic acid (a) was characterized and showed principal absorption peaks at 
2922.56 cm-1 (C-H aliphatic asymmetric), 2870.57cm-1 (C-H aliphatic symmetric), 
1689.53cm-1 (C=O), 3392.90cm-1 (O-H), 1047.38cm-1 (C-O) and 680.73cm-1 (R-C=O). In 
the physical mixture (e) and products (f - n) profiles, the principal absorption peaks 
were not disappeared, while new peaks other than the specific peaks belonging to 
raw materials also did not appear. This result showed that the encapsulation by 
polymer and carrier was not affected by new chemical bonds that can change the 
molecular structure of asiatic acid significantly. 
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Figure  26 FT-IR spectra of raw materials, physical mixture and spray dried 
microparticle: (a) Asiatic acid; (b) Poloxamer 188; (c) Lecithin; (d) Maltodextrin; (e) 
Physical mixture; (f) LPM1; (g) LPM2; (h) LPM3; (i) LTM1; (j) LTM2; (k) LTM3; (l) SPM1; 
(m) SPM2; and (n) SPM3. 
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Figure 27 TGA spectra of raw materials, physical mixture and spray dried 
microparticle: (a) Asiatic acid; (b) Poloxamer 188; (c) Lecithin; (d) Maltodextrin; (e) 
Physical mixture; (f) LPM1; (g) LPM2; (h) LPM3; (i) LTM1; (j) LTM2; (k) LTM3; (l) SPM1; 
(m) SPM2; and (n) SPM3. 
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4.2.4. Heat resistance 
 

Heat resistance characteristics of raw materials, physical mixture and products 

are shown in Figure 27. Products spectrum (f-n) shows a similar profile to physical 

mixture (e), with peaks obtained which were specific to asiatic acid and maltodextrin. 

This was related to the FTIR data, which illustrates that the encapsulation of asiatic 

acid as an active ingredient in carriers and other excipients did not form new 

chemical bonds. 

 

4.2.5. X-ray diffractometer 
 

The crystallinity of asiatic acid before and after the formulation process are 

shown in Figure 28. No peaks other than raw materials were observed. Peak of 

poloxamer 188 (b), lecithin (c) and maltodextrin (d) were shown in the physical 

mixture (e) and product (f - n) profiles according to the excipients of the formula, 

while the peak profile of asiatic acid (a) did not change. This indicated that the 

preparation process and stress involved did not result in a new structure or 

crystallinity changes. 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 62 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure  28 X-ray diffractogram of raw materials, physical mixture and spray dried 
microparticle: (a) Asiatic acid; (b) Poloxamer 188; (c) Lecithin; (d) Maltodextrin; (e) 
Physical mixture; (f) LPM1; (g) LPM2; (h) LPM3; (i) LTM1; (j) LTM2; (k) LTM3; (l) SPM1; 
(m) SPM2; and (n) SPM3 
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4.3. Total product recovery (yield) 

 

Figure  29 Yield of microparticle product after formulation 
 

The overall manufacturing procedures included homogenization, ultrasonication, 

and spray drying. Figure 29 illustrates the amount of recovered product. Due to the 

low maltodextrin concentration in LTM 1, a portion of the mass adhered to the walls 

of the drying chamber and cyclone, reducing the amount of dry product that could 

be accommodated in the collector. In contrast, in other formulations including 

maltodextrin and poloxamer 188 as a surfactant, the yields were fairly high, 

exceeding 70 percent. These results were consistent with the target of production 

process efficiency. 

 
4.4. Asiatic acid content and recovery 
 

Figure 30 displays the results of a HPLC determination of the asiatic acid 

content of microparticles (a). The AA value profile for each preparation changed 

equally to the amount of maltodextrin utilized. The results were between 3.14 and 

5.80% in all 9 formulations. As demonstrated in Figure 30 (b), the asiatic acid 

recoveries were range from 55.87 to 85.41 percent. This figure was determined based 
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on AA concentration and product yield, which reflects the proportion of asiatic acid 

produced relative to the beginning weight. 

 

 

(a) 

 

(b) 

 

Figure 30 (a) Asiatic acid content and (b) Asiatic acid total recovery in the 

microparticle dry product. 

 

Observations lasting six months were utilized to determine the chemical stability 
of asiatic acid under accelerated storage conditions. Both asiatic acid content and 
recovery did not change significantly on the 3rd and 6th month determination. The 
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change did not surpass 5% of the initial value, indicating that the microparticle 
system could retain the asiatic acid stability throughout storage under airtight 
conditions. 

 
4.5. Moisture content 
 

 

Figure  31 Moisture content of microparticle in 0, 3 and 6 months of storage 
 

The results of observing the moisture content of all formula for six months 

under airtight storage are displayed in Figure 31. The obtained moisture content 

values are pretty satisfactory, ranging from 4.16 to 5.99%. Considering that there was 

no significant change in value during storage, the possibility for the formation of 

agglomerates with larger particle size was minimal. 

 
4.6. Flowing Properties 
 

Flowability of the spray dried products was obtained by calculating the Hausner 
ratio based on the initial volume and tapped volume. The results of 0, 3, and 6 
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months evaluation were written in Table 8. Based on the value of the Hausner ratio, 
it could be seen that the flowing properties of all formulas were not good enough 
and included in the Passable classification. 
 
Table  8 Hausner ratio of spray dried nanoemulsion products 
 

Formula 
Hausner ratio 

0 month 3 months 6 months 

LPM1 1.31 ± 0.05 1.27 ± 0.00 1.31 ± 0.02 

LPM2 1.32 ± 0.08 1.29 ± 0.04 1.28 ± 0.02 

LPM3 1.33 ± 0.04 1.26 ± 0.09 1.30 ± 0.03 

LTM1 1.28 ± 0.02 1.30 ± 0.02 1.31 ± 0.06 

LTM2 1.24 ± 0.01 1.28 ± 0.01 1.27 ± 0.01 

LTM3 1.28 ± 0.02 1.31 ± 0.01 1.30 ± 0.04 

SPM1 1.33 ± 0.04 1.36 ± 0.06 1.32 ± 0.04 

SPM2 1.33 ± 0.04 1.32 ± 0.03 1.32 ± 0.03 

SPM3 1.33 ± 0.02 1.31 ± 0.05 1.33 ± 0.04 

 
4.7. Solubility test 

 
The solubility of asiatic acid in deionized water was measured after 24 

hours of shaking. Figure 32 shows the visual looks of the solubility test, 

whereas Figure 33 depicts the solubility values. In every formulation, 

wettability and solubility were improved relative to asiatic acid powder. As 

excipients, lecithin, tween 80, and maltodextrin formed microparticles with 
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the maximum solubility for asiatic acid, which was 25 to 31 times higher 

than the powder form. The evaluation also indicated that the formula with 

poloxamer 188 could form microparticles with favorable physical 

properties, however, its presence in the vicinity of asiatic acid could limit 

the diffusion of water to interact and dissolve asiatic acid from the system. 

 

 

Figure  32 Visual appearance of the powder and microparticle after dispersed in 
deionized water: (a) Asiatic  acid; (b) LPM1; (c) LPM2; (d) LPM3; (e) LTM1; (f) LTM2; (g) 
LTM3; (h) SPM1; (i) SPM2; (j) SPM3.  
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Figure  33 Solubility data of asiatic acid in deionized water: (a) Solubility of asiatic 
acid before and after formulation (mg/L) (b) Solubility improvement of asiatic acid in 
each formula compared to the pure form. 
 

4.8. In-vitro release profile 
 

Figure 34 displays the in-vitro dissolution profile of asiatic acid. The first two 

hours of AA release happened in gastric juice without pepsin, while the next 1 hour 

occurred in phosphate buffer pH 6.8. Both mediums were treated with 4% triton X-

100 to facilitate the release of asiatic acid and make it readable on the HPLC 

equipment. Figure 34 (b) demonstrates that the dissolving profile of asiatic acid in the 
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system created with lecithin, tween 80, and maltodextrin was superior than asiatic 

acid powder and its physical mixture. This pertained to the asiatic acid microparticle 

solubility data shown in Figure 33.  

Table 9 displays the area under the curve (AUC) and dissolution efficiency (DE) 

of asiatic acid over 180 minutes. LTM2 had greater AUC and DE values than LTM1, 

which were 14725.10  480.60 and 81.81  2.67, respectively. This result was 

significantly (p < 0.05) greater than the AUC and DE values of asiatic acid powder, 

which were only 11392.54  649.89 and 63.29  3.61, respectively. Based on these 

results, it was decided that LTM2 was the chosen formula for use in cell and animal 

studies. 
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Figure  34 Asiatic acid released profile in powder, physical mixture and microparticle 
form: (a) AA in LPM microparticles; (b) AA in LTM microparticles; (c) AA in SPM 
microparticles. 
 

Table  9 Area under curve (AUC) and dissolution efficiency (DE) of asiatic acid at 180 
minutes. 

Formula AUC DE 180 (%) 

Asiatic acid 11392.54  649.89 63.29  3.61 

Physical mixture 12066.37  1388.67 67.04  7.71 

LPM1 13122.29  244.50* 72.90  1.36* 

LPM2 13230.40  584.22* 73.50  3.25* 

LPM3 13392.50  123.65* 74.40  0.69* 

LTM1 14557.00  784.13* 80.87  4.36* 

LTM2 14725.10  480.60* 81.81  2.67* 

LTM3 14703.18  872.81* 81.68  4.85* 

SPM1 13190.94  350.36* 73.28  1.95* 

SPM2 13431.97  356.72*  74.62  1.98* 

SPM3 13186.11  452.12* 73.26  2.51* 
*Indicates statistically different than asiatic acid group with p <0.05  

 

 

0 50 100 150 200

0

50

100

Time (min)

A
A

 r
e
le

a
s
e
d
 (

%
)

Asiatic acid

Physical Mixture

SPM1

SPM2

SPM3

(c) 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 71 

4.9. Molecular docking investigation 
 

Asiatic acid and captopril bound with ACE are displayed In Figure 35 by 

molecular docking. Hydrogen, Van der Waals, and hydrophobic interactions, as 

illustrated in Table 10, were the primary stabilizing bonding for the complex. Both 

asiatic acid and captopril had four hydrogen bonds and two hydrophobic bonds with 

ACE. The free binding energies of asiactic acid and captopril with ACE were -9.7 and -

5.6 kcal/mol, respectively as shown in Table 11. These findings suggested that asiatic 

acid may interact with ACE and hence inhibit its activity. 
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Figure  35 2D and 3D interaction between Asiatic acid (A) and Captopril (B) with ACE 
(PDB ID: 1O86) 
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Table  10 Type of interaction between Asiatic acid and captopril with ACE (PDB ID: 
1O86) 

Compound Hydrogen Van der Waals Hydrophobic 

Asiatic acid ASP358 

HIS387 

GLU411 

TYR523 

TYR62 

ALA63 

ASN66 

ALA354 

SER355 

TRP357 

PHE359 

TYR360 

HIS383 

GLU384 

PHE512 

VAL518 

ALA356 

HIS387 

Captopril TYR62 

ASN85 

ARG124 

ASN136 

ASN66 

TYR69 

LEU82 

LEU139 

SER516 

LEU81 

LEU140 
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Table  11 Binding energy between Asiatic acid and captopril with ACE (PDB ID: 1O86) 
PDB Binding energy (kcal/mol) 

1O86 Asiatic acid Captopril 

-9.7 -5.6 

 

4.10. Cell viability 
 

Figure 36 shows the Caco-2 cells appearance after MTT test with matrix, AA and 

AA nanoparticle. While Figure 37 displays the value that indicated the viability of 

Caco-2 cells. Up to a concentration of 100 µM, the three groups (matrix, AA, and AA 

microparticle) remained non-toxic. They began to exhibit distinct toxicity levels 

(Figure 37A) and IC50 values (Figure 37B) at greater doses. Asiatic acid > AA 

microparticle > matrix was the order of toxicity value of the sample in Caco-2 cells.  
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 Matrix 500 µM AA 500 µM AA Micro 500 µM 

 

   

 Matrix 250 µM AA 250 µM AA Micro 250 µM 

 

   

 Matrix 100 µM AA 100 µM  AA Micro 100 µM 

 

   

Control Matrix 50 µM AA 50 µM AA Micro 50 µM 

    

 Matrix 5 µM AA 5 µM AA Micro 5 µM 

 

   

 Matrix 0.5 µM AA 0.5 µM AA Micro 0.5 µM 

 

   

 Matrix 0 µM AA 0 µM AA Micro 0 µM 

 

   

 
Figure 36 Visual appearance of Caco-2 cell microscopically after treatment with 

control, matrix, asiatic acid and AA microparticle; then continued with MTT treatment 
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Figure 37 Viability of Caco-2 cells (a) and the IC50 value (b) with matrix, asiatic acid 

and AA microparticle.  
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4.11. Antihypertensive activity in SD rats 
 

Figure 38 (a) displays the fluctuation in body weight of SD rats over a period of 

13 weeks. Even after the first week of the high-salt diet induction, the non-

hypertensive group body weight had increased significantly relative to the other 

groups and kept continues until the end of the study. In the meantime, systolic 

blood pressure determination was performed as displayed in Figure 38 (b), and the 

value of all groups were depicted in Figure 38 (c). From week 4 to week 10 of the 

high salt diet induction, all groups had a significant raise in blood pressure relative to 

the non-hypertensive group, and treatment was then initiated at this time. After 

treatment began, animals in the captopril and AA microparticle groups had an 

immediate and considerable drop in blood pressure compared to rats in the matrix 

group. This result was in accordance with the linear regression equation of the two 

groups shown in Table 12, with a high slope value of -1.318 and -1.344 for captopril 

and AA microparticle groups, respectively. The AA group did not experience a drop in 

blood pressure until the eleventh week of the experimental investigation. 

Meanwhile, AA microparticle decreased the systolic blood pressure in similar rate 

compared to the captopril. 

To verify the decrease in systolic blood pressure, the ACE activity of blood 

serum was measured and shown in Figure 39. Before starting the treatment (9 weeks 

induction), ACE1 activity of matrix, captopril, asiatic acid, and AA microparticles was 

significantly increased (p < 0.05) compared to the non-hypertensive group. While at 

the end of the study (13 weeks), ACE activity in captopril, Asiatic acid and AA 

microparticle group were in the same level of non-hypertensive group, which is 

significantly different from the matrix group. Non-hypertensive, matrix, captopril, AA 

microparticles and Asiatic acid groups showed ACE activity values of 0.043  0.005 

U/ml, 0.062  0.007 U/ml, 0.053  0.004 U/ml, 0.055  0.005 U/ml and 0.057  

0.004 U/ml, respectively. 
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Figure  38 In-vivo antihypertensive activity of SD rats (n = 6-8/group); Body weight 
result (a), Indirect blood pressure test (b) Systolic blood pressure result (c); Error bar 
shows SD of each point value. Symbol indicates statistically different (p <0.05), 
*between non-hypertensive group with all groups, #between treatment group with 
matrix groups, $between matrix group with non-hypertensive groups, &between 
captopril and AA nanoparticle groups with AA group. 
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Figure  39 Effect of treatment on SD rats ACE1 activity; Bar graph shows ACE activity 
in each group at pre-treatment and post-treatment. Error bar indicates SD of ACE 
activity value. *Indicates statistically different (p <0.05) between the group. 
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Table  12 Linear regression equation of blood pressure changes after treatment 
Rats group Linear regression equation 

Non-Hypertensive y = -0.1950 x + 119.1 

Matrix y = 0.0920 x + 119.1 

Captopril y = -1.318 x + 132.5 

AA Microparticle y = -1.344 x + 132.8 

Asiatic acid y = -0.8046 x + 128.1 

 

 

Figure  40 Rat tissue histological result of heart in 200x magnification (a), aorta in 200x 
magnification (b), aorta in 400x magnification (c), kidney in 100x magnification (d), and 
kidney in 200x magnification (e). 
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The results of microscopic histology observations are shown in Figure 40. 

Evaluations were carried out on the heart (a), aorta (b, c) and kidney (d, e). A similar 

picture was shown in the five rat groups, which showed that the induction of 

hypertension in animals did not cause severe tissue damage. However, these results 

also show that treatment with captopril, asiatic acid and AA microparticles was not 

harmful to the tissue. Blood chemistry analysis also determined that neither 

induction nor treatment did not affect the renal damage, as shown in Table 13. 

Blood urea nitrogen (BUN) value slightly increased in the matrix group, but was within 

the normal range. The blood sodium value was quite high in the matrix group, while 

in the other groups it was more controlled. These results were related to kidney 

histopathological reports where mild dilatation, pale staining of inner cortex, 

hypertrophy of glomeruli, single necrosis and mild cloudy swelling of proximal 

tubular epithelial cells were shown. Therefore, in general, pathological evaluation of 

the heart, aorta and kidney in hypertension rat model most frequently revealed non-

specific changes. Furthermore, this finding suggest that spray dried AA microparticle is 

not the iatrogenic factor.  
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Table  13 Blood chemistry result post-treatment of the rat groups 

Rat group 
BUN 

(mg/dl) 
Creatinine 
(mg/dl) 

Na 
(mmol/L) 

K 
(mmol/L) 

Cl 
(mmol/L) 

Non-
hypertensive 

19.000 ± 3.000 0.817 ± 0.081 126.433 ± 1.365 8.267 ± 0.513 97.300 ± 0.889 

Matrix 21.667 ± 1.528 0.817 ± 0.085 130.867 ± 0.635* 7.707 ± 0.417 99.800 ± 0.889 

Captopril 18.667 ± 3.215 0.817 ± 0.045 128.300 ± 0.400 7.653 ± 0.479 98.133 ± 0.503 

AA 
nanoparticle 

19.000 ± 2.000 0.800 ± 0.050 128.433 ± 2.325 8.227 ± 0.552 101.100 ± 3.214 

Asiatic acid 19.667 ± 2.082 0.817 ± 0.015 128.567 ± 0.833 8.533 ± 0.470 98.133 ± 0.231 

Normal 
value (126) 

10.00 – 22.00 0.50 – 0.80 143.00 – 157.00 5.00 – 7.30 97.00 – 110.00 

*Indicates statistically different than non-hypertensive group with p <0.05 
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CHAPTER 5 
DISCUSSION AND CONCLUSION 

 

 

5.1. Discussion 
 

Spray-dried nanoemulsion formulation of asiatic acid-palm oil has been done 

and met certain physical and chemical parameters (18,19). The observed physical 

properties included the physical appearance, size, morphology, moisture content, 

crystallinity, product recovery, and solubility. With the ability to encapsulate 

molecules that were insoluble in water, palm oil served as the oil phase in the 

nanoemulsion system (20). As nanoemulsion surfactants, span 80, lecithin, tween 80, 

and poloxamer 188 were successful in producing and maintaining the asiatic acid 

nanodroplet stability (21–24). Maltodextrin acted very well as a carrier and stabilizer 

during spray drying to encapsulate and increase the stability of asiatic acid in dry 

microparticles as the final product (25,26). Based on the physical stability, successful 

preparations were obtained by the absence of visible changes or aggregation 

throughout 5 days of nanoemulsion storage and 6 months of microparticle 

observation. Despite this, the span value data displays that LTM1 produced a rising 

value, indicating that the resulting particle size distribution was become more 

heterogeneous. A small quantity of maltodextrin could not maintain the tendency of 

particles to aggregate. The large result variance in the measurements of moisture 

content, low yield, and asiatic acid recovery further appropriate to the prior 

statement. In other formulations, increasing the quantity of maltodextrin or 

combining it with poloxamer 188 and span 80 could improve the physical properties 

as expected. 
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The physical characterization results indicated the establishment of an 

encapsulating process that did not significantly alter the molecular structure. It was 

possible that the activity of asiatic acid was unaffected despite of the fact that it had 

been subjected to stress during the manufacture. The specific peak of microparticles 

in the FTIR spectra matched to the profile of asiatic acid (27), whilst the other 

excipient peaks remained unchanged. Peaks on absorption bands at 3314.40 cm-1 (O-

H stretching), 2926.65 cm-1 (C-H stretching of the carboxylic group), 1638.48 cm-1 (C=O 

stretching), 1361.50 cm-1 (O-H bending), and 1147.58 cm-1, 1078.96 cm-1, 1012.32 cm-1 

(C-O stretching and C-O-H bending) were identical to those published by Mahdi et al 

(28) for maltodextrin, as a major component. There were no missing peaks in the 

microparticle spectra, nor did any new peaks developed as a result of chemical 

interactions. In addition, the data of heat resistance indicates that microparticle was 

created without chemical modifications. In particular, the decomposition peaks of 

asiatic acid and maltodextrin occurred at 411.6oC and 297.8oC, respectively. 

Observations of the 9 samples and the physical mixture still revealed two peaks, but 

the intensity of asiatic acid was decreased. The ratio of asiatic acid peak intensity to 

maltodextrin was decreased as maltodextrin concentration increased. This showed 

that the asiatic acid microparticles in the maltodextrin matrix were created through 

physical encapsulation contact. Similarly, in terms of crystallinity, it was determined 

that the intensity of asiatic acid decreased and was partially obscured by the 

excipient diffractogram peak without any additional structural modifications (18,125). 

The formulation could also be deemed successful with a relatively high product 

yield, made it a good candidate for production scale-up. 

Asiatic acid is a pentacyclic triterpenoid with limited solubility and bioavailability 

(29), and the microparticle was significant in increasing the solubility and the release 

of asiatic acid. In general, the dissolution rate will be influenced by the ability of 

dissolved and diffusion of the substance. This was a weakness of poloxamer 188 as 

an excipient, because the matrix formed inhibited the diffusion ability of asiatic acid, 
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as shown in the solubility test result. In addition, the use of triton X-100 as a 

surfactant and pH change of dissolution media could also increase ionization and 

ability to dissolve of the asiatic acid in the release study. 

As a matrix, combination of lecithin, tween 80, and maltodextrin enhanced 

solubility up to 30.64 times. Compared to powder or physical mixture, the in-vitro 

release rate also became substantially more ideal. This increase was largely affected 

by the particle size reduction and the use of hydrophilic polymers as surfactants and 

carrier, which gave higher wettability (26,28). The microparticles were obtained with a 

size range of 0.833 - 4.897 µm, which were less than the average size of asiatic acid 

powder, which was 6.05  0.430 µm. However, microparticle dispersion in water 

could rapidly produce nanoparticles in the range of 149.0 – 271.1 nm, and supporting 

the solubility and dissolution rate improvement. The formation of zeta potentials 

greater than -40 mV were believed from the introduction of palm oil hydrocarbon 

functional groups (30). However, encapsulation in maltodextrin as a non-ionic carrier 

could reduce its zeta potential in the range of -33.1 to -38.7 mV, hence maintaining 

its steric and electrostatic stability. Negative charge on the surface of a particle was 

generally less harmful to cells than positive charge. However, in the range of zeta 

potential obtained (lower than that of nanoemulsions), microparticles were likewise 

be less harmful (126,127). 

The microparticle products were kept in airtight storage for 6 months and the 

evaluations were repeated every 3 months. Changes observed at each observation 

time were relatively insignificant, showing that the microparticle produced by spray 

drying could preserve the stability of asiatic acid. Physically defined by the absence 

of agglomeration or particle size improvement, and chemically defined by the 

stability of the asiatic acid concentration. Maltodextrin was also capable of 

functioning as a thermally unstable substance-loaded stabilizer and wall material. It 

considerably prevented the active compound lose during the drying and storage 

processes (26). According to the findings of this investigation, the combination of 
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lecithin, tween 80, and maltodextrin was a potential candidate for the formulation 

excipients. The success of the transformation into the spray-dried microparticle 

system of asiatic acid material could be continued with the development of dosage 

forms and in-vivo study to determine the optimal dosing regimen for clinical use. 

To ensure the safety of LTM2 spray-dried nanoemulsion for in-vivo study, cell 

viability evaluation was carried out by MTT assay. This evaluation was carried out on 

control (without sample), matrix only, asiatic acid, and LTM2-AA nanoparticles. Based 

on the results of the MTT assay, it was seen that AA and AA nanoparticles were 

harmful to Caco-2 cells at a concentration of 100 µM. The nanoemulsion preparation 

and spray drying procedure had no effect on the toxicity of AA on Caco-2 cells, 

according to the toxicity values and IC50 of AA microparticle, which were nearly 

similar to AA. These findings also suggested that AA microparticle taken orally with an 

equal amount of AA as an antihypertensive drug would not enhance cell toxicity. 

The antihypertensive activity of five groups (non-hypertensive, matrix, captopril, 

AA microparticle, and AA) of SD rats was then investigated. This study began with the 

addition of 2% NaCl to drinking water, which led to a considerable raise in blood 

pressure four weeks later. In comparison to the non-hypertensive group, the high-salt 

diet was sustained until 9 weeks. At this time, the steady blood pressure was 

achieved, confirmed by the result of ACE activity improvement. The oral 

administration of matrix, captopril, AA, and AA microparticle was started at this point. 

Based on research that published by Maneesai et al (9), 5 mg/kg of captopril 

provided a higher blood pressure reduction compared to 30 mg/kg of asiatic acid. AA 

microparticle dose equal to 30 mg/kg of asiatic acid was used in this study to see if 

post-production changes could increase antihypertensive activity higher or at least 

equivalent to captopril. The proposed increasement of the antihypertensive activity 

could be considered to reduce the dosage requirements in further clinical use. 

The body weight of the non-hypertensive rat group increased very rapidly 

compared to the other groups. This significant difference was seen from the first 
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week of observation until the end of the study. On their prior work, Coelho et al. 

reported a similar profile of body weight fluctuations. This was not attributable to 

the increased food intake of the non-hypertension group; rather, the hypertensive 

group consumed more food. Changes in energy balance for metabolism, in which 

energy expenditure rose as a result of a long-term high-salt diet, and were 

responsible for the lower bodyweight in the high-salt groups (109). 

As for blood pressure observation, significant improvement was seen in all 

groups compared to the non-hypertensive group since 4 weeks of high-salt induction. 

This high-blood pressure condition remained constant until 10 weeks of experiment 

and then the treatment started. Decreased blood pressure occured after treatment 

administered. The results of the study indicate the suitability of a prior study by 

Maneesai et al (9), and that asiatic acid could lower systolic blood pressure, but not 

as quickly as captopril. In the meanwhile, AA microparticle decreased the systolic 

blood pressure of hypertensive rats more quickly than the AA group, at a rate that 

was nearly similar to the captopril group as determined by the high slope value. 

The results of ACE1 activity observation in serum also showed that asiatic acid, 

AA microparticle and captopril played a role in reducing the ACE activity level. This 

ACE1 activity data did not directly show its effect on blood pressure reduction, 

because the blood pressure value would be more accurate if it was calculated based 

on the AT2 (angiotensin II) value directly as shown by RAAS system diagram in Figure 

4. However, the AT2 value could not be determined on the alive rats in the middle 

of the study. This indirect ACE1 activity determination caused the different deviations 

in the measurements at 9 and 13 weeks. In addition, different sampling methods on 

the tail vein or directly to the heart also affected the quality of the sample. The 

pressure required for vein tail sampling could cause lysis of the blood and affected 

the absorbance of sample observations. However, this measurement of ACE1 activity 

was representative enough to validate the value of decreasing blood pressure. 
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Based on the level of decrease in ACE1 activity value, it could be written that 

the ability of captopril > AA microparticle > AA, respectively. All three treatments 

have succeeded in lowering the serum ACE activity value of the rat close to the 

value of the non-hypertensive group. The results of evaluation in Sprague Dawley 

rats demonstrated that AA had ACE inhibitory action was comparable to captopril, 

which may have an effect on the RAS pathway. Moreover, the spray-dried 

microparticle formulation of AA gave higher effect on lowering the blood pressure 

and ACE inhibitory action in rats compared to the powder form (9,107). 

Histological observations showed that the effectiveness of spray dried asiatic 

acid nanoemulsion in lowering the blood pressure was also supported by its safety 

on tissue. The heart, aorta and kidney did not show any damage after 3 weeks of 

treatment. The BUN value which generally indicated kidney damage was also 

controlled in a similar value to the non-hypertensive rat group. The content of ionic 

compounds such as sodium, potassium and chlorine which is affected by the 

performance of angiotensin II is also in controlled amounts based on the ACE 

inhibition effect of the treatment.  

All of the results which have carried out in this study determine that the 

formation of spray-dried nanoemulsion system of asiatic acid-palm oil was promising 

as a choice of antihypertensive agent. Particle size reduction increased the solubility 

and drug dissolution rate of asiatic acid, so that its bioavailability and activity as an 

ACE-inhibitor could be improved superiorly. 
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5.2. Conclusion 
 

By formulating asiatic acid into a nanoemulsion, its physical and chemical 

properties had improved. Physical appearance, particle size, zeta potential, and 

agglomeration retention were initial formulation success factors. In addition, effective 

formation of spherical microparticles was achieved by spray drying the 

nanoemulsion. The nanoemulsion was encapsulated into a dry form using 

maltodextrin as a carrier, preserving its physical and chemical stability for up to six 

months of storage. Product recovery was also quite high, with no change in the 

crystallinity or chemical structure of asiatic acid as a result of production-related 

stress. In the solubility test, the most important outcome was seen up to 30.64-fold 

increase compared to pure asiatic acid powder in water. It demonstrated the positive 

effect of particle size reduction and the usage of hydrophilic polymers as surfactants 

and carriers in the formulation. LTM2 was a formulation with optimal physical 

properties and asiatic acid dissolution rate in gastric juice-phosphate buffer pH 6.8 

with 4% triton X-100 medium. In addition, the production process and matrix used 

were known safe and non-toxic for Caco-2 cells and also heart, aorta, and kidney 

tissues. In the activity test, AA microparticle was shown to dramatically reduce 

systolic blood pressure and serum ACE activity compared to AA raw powder in SD 

rats. These results demonstrated that the nanoparticle formulation with high-speed 

stirring, sonication, and spray drying reduced the particle size and enhanced the in-

vitro release rate of asiatic acid, hence increasing the amount of AA absorbed and 

optimizing its antihypertensive effect, as previously predicted by molecular docking. 
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Appendix 1 Example of Asiatic acid chromatogram in HPLC  
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Appendix 2 Calibration curve of Asiatic acid with HPLC 
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Appendix 3 HPLC Assay method verification 
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Appendix 5 Animal use certificate 
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Appendix 6 ACE1 activity pre-treatment in serum result 
 

 

 

 

 

*indicates statistically different (p <0.05) between non-hypertensive group with all 

groups 
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