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ABSTRACT 

Objective: This study aimed to determine the effect of compound modification using acyl chloride derivatives on n-hexane: ethyl acetate fraction of 
sesewanua leaves, focusing on the characteristics and pharmacokinetics profile in Self-Nano-emulsifying Drug Delivery System (SNEDDS) preparations.  

Methods: A quasi-experimental method was used with six SNEDDS formulas, namely F0 (without active substance), F1 (acetyl chloride fraction), F2 
(propanoyl chloride fraction), F3 (butyryl chloride fraction), and F4 (pentanoyl chloride fraction) and F5 (piperine compound). The fractions were 
subjected to characterization tests, including particle size, polydispersity index, and zeta potential as well as determination of pharmacokinetics 
profile using the modified crane and Wilson method.  

Results: The results showed that the characterization tests of particle size using Particle Size Analyzer (PSA) for F0-F5 on gastric fluid included 15.8, 
17,367, 20,367, 15.8, 28.233, and 21.533 nm. The polydispersity index values were 0.211, 0.438, 0.311, 0.383, 0.394, and 0.397, while the Zeta Potential 
values were-22,267,-22.2,-23.5,-24,033,-22,967, and-21.6 mV, respectively. The pharmacokinetics profile of AUC0-∞ was as follows: F0 0 μg, F1 492.83, 
F2 492.83, F3 245.98, F4 492.94, and F5 843.38 μg. Fraction five (F5) as a control had a higher AUC0-∞ value than compared to the fractions modified 
with acyl chloride derivatives. The T1/2 elimination values were F0 0 h, F1 22.5 h, F2 10.811 h, F3 35.54 h, F4 231.01 h, and F5 15.469 h. 

Conclusion: Based on the results, the addition of acetyl, propanoyl, butyryl, and penthanoyl chloride affected Particle Size Characterization Analysis 
and pharmacokinetics profile of SNEDDS preparation of n-hexane: ethyl acetate fraction. Structural modification showed the ability to alter the 
bioavailability of the active ingredient according to the desired therapeutic goal. 
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INTRODUCTION 

Sesewanua (Clerodendrum fragrans Wild.) was reported to have 
anti-inflammatory activity, based on the study conducted by Sapiun 
et al., (2023). The emulgel ethanol extract of sesewanua leaves at a 
dose of 5% had a higher percentage of inflammatory inhibition 
(34%) compared to the positive control (21%). A total of four 
compounds have been identified in the ethanol extract of sesewanua 
leaves, including flavonoids, alkaloids, tannins, and saponins [1]. The 
isolation of compounds was performed using n-hexane and ethyl 
acetate solvents. From the fractionation process, the most active 
fraction was obtained, namely 1 (9:1, 8:2, 7:3, 6:4) with very strong 
antioxidants, as shown by an IC50 value of 2.56033 mg/l. Based on 
the results, this fraction contains alkaloids with Rf value of 0.9 [2]. 

The oral administration of drugs accounts for more than 70% of the 
total dosage forms. The popularity of this route is attributed to the 
ease and acceptance by patients, which increases compliance [3]. 
However, n-hexane: ethyl acetate fraction generally causes 
discomfort when used orally, resulting in the development of 
nanotechnology pharmaceutical preparations, namely the Self-Nano-
emulsifying Drug Delivery System (SNEDDS). 

Formulation of SNEDDS preparations can improve the 
bioavailability of the active substance through oral use and increase 
the rate of dissolution as well as absorption in the body [4-6]. 
SNEDDS fractions of n-hexane: ethyl acetate have also been tested 
orally and shown to reduce rheumatoid arthritis index values by 
44.66%. It also decreased swelling in rat legs induced with Complete 
Freund's adjuvant (CFA) by 79.25% [7, 8]. Aside from formulating 
active compounds in SNEDDS preparations, another strategy that 
can increase the ability of plant-active compounds to achieve 
maximum therapeutic effects is modifying the structure [9, 10]. 

Modification of the compound structure can be achieved through an 
acyl nucleophilic substitution reaction (acylation reaction) [11, 12]. 

Using acyl chloride derivatives is a method for adding structures to 
form ester groups that enhance the lipophilicity of compounds. The 
greater the lipophilicity of a compound, the easier the rate of 
penetrating the stomach and intestinal membranes [13, 14]. The 
analgesic efficacy of pinostrobin isolated from cat encounters has 
been structurally modified using acyl chloride, including acetyl, 
propanoyl, butyryl, and pentanoyl chloride. At a dose of 14 mg/kg 
body weight, the percentage of pain resistance from pinostrobin 
acetate was 46.57%, while those of propionate, butyrate, and 
pentanoate were 47.33%, 49.2%, and 55.34% respectively. For 
diclofenac sodium as a positive control, the percentage of pain 
resistance was 42.37%, and pinostrobin in the form of a negative 
control amounted to 33.97% [11]. Based on the study by Suryadi et 
al. (2018), structural modifications in a compound can increase the 
activity characterized by an increasing percentage of pain resistance. 

Bioavailability profile is necessary to understand the fate of a drug in the 
body, and this parameter is influenced by absorption [15, 16]. The 
parameters used to identify drug bioavailability are Peak Plasma 
Concentration (Cpmax), Peak Time (Tmax), half-life (T1/2), and Area 
Under Curve (AUC0-∞) [17]. Based on the previous description, this 
study aimed to conduct bioavailability tests of n-hexane: ethyl acetate 
fraction derived from sesewanua leaves (Clerodendrum fragrans Wild) 
modified using acyl chloride in SNEDDS Preparations. 

MATERIALS AND METHODS 

Materials 

The tools used included watch glass, Pyrex® glassware, drip pipette, 
ESCO Frontier® fume hood, stirring rod, column, and beaker glass 
pyrex®, disposable syringe 3 ml one med®, pyrex® measuring cup, 
Erlenmeyer pyrex®, horn spoon, spatula, magnetic stirrer Thermo 
Scientific®, PSA (Cilas 1190), Mettler Toledo Multi Parameter®, 
Sartorius® analytical balance, iwaki® measuring flask, digital pH 
meter and UV1900i Spectrophotometry (Shimadzu®). 
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Plant material 

Sesewanua leaves (Clerodendrum fragrans Wild.) were collected from 
Dulamayo Village, Bongomeme District, Gorontalo Regency, Gorontalo 
(0 °36'08.6″ N, 122 °52'03.0″ E). Botanical identity was confirmed at 
the Research Center for Plant Conservation and Botanic Gardens of the 
Indonesian Institute of Science (number B-418/IPH.3/KS/II/2019, 
February 25, 2019. Other materials used were Aquadest (OneMed®), 
acetic acid (Total Equipment Pharmacy), butyric acid (Ilmu Kimia), 
hydrochloric acid (Total Equipment Pharmacy), pentanoic acid (Total 
Equipment Pharmacy), propanoic acid (Total Equipment Pharmacy), 
Dyalysis Tubing, ethanol 96% (SAE®), ethyl acetate (Total Equipment 
Pharmacy), cotton, filter paper, sodium hydroxide (Total Equipment 
Pharmacy), n-hexan (Total Equipment Pharmacy), PEG 400 (Total 
Equipment Pharmacy), Piperine (Total Equipment Pharmacy), silica 
gel60 (KGaA) (Chemix Yogyakarta), Tween 80 (Total Equipment 
Pharmacy), and VCO (Sucofindo®). 

Ethical approval 

Before conducting this study, ethical approval was received from the 
Ethics Commission of the Health Polytechnic of the Ministry of 
Health of Gorontalo (No. DP.01.01/KEPK/68/2023. 

Fractionation of sesewanua leaves ethanol extract 

The separation of ethanol extract to isolate alkaloid group 
compounds was achieved using column chromatography with n-
hexane: ethyl acetate mobile phases in ratios of (9:1), (8:2), (7:3), 
and (6:4). The first step in the chromatographic process was to 
insert filter paper and cotton in the lower column. Subsequently, 5 g 
of cleaned sand was placed inside and recoated with cotton wool. 
About 20 g of silica gel60 was added and mixed with ethyl acetate 
until the mixture was slurry-shaped. Following this, the extract (10 
g) dissolved in ethanol was added to the column and allowed to 
descend slowly through the silica gels. It was then eluted, starting 

from a low polarity, and slowly increased. The fraction produced 
was evaporated and added with 1 g aeroside [2, 18, 19]. 

Fraction Yield Formula:  

Yield (%)= 
Fraction Weight 

Extract Weight 
x 100% ……[20] 

Modification of n-hexane: ethyl acetate compound with acyl 
chloride derivative 

Modification of n-hexane: ethyl acetate compound using acetyl, 
propionyl, butyryl, and pentanoyl chloride was carried out by drug 
complexation. Initially, n-hexane: ethyl acetate fraction (0.5 g) was 
dissolved in 10 ml of 96% ethanol solvent (phase A). About 1 g NaCl 
as a complexing compound was dissolved in 1 ml each of acetic, 
propanoic, butyric, and pentanoic acid (phase B). Phases A and B 
were mixed and evaporated at a temperature of 100 °C until a 
powder formed [21]. 

SNEDDS was prepared using the high-pressure homogenization 
(HPH) method or the method of preparing high-pressure 
homogenizer nanoemulsions. This method is frequently used for 
drug degradation of high-molecular-weight compounds. It was 
carried out using a hot plate with a magnetic stirrer in a gradually 
emulsified mixture. The initial step entailed mixing the oil phase 
(VCO) and the active substance (n-hexane: ethyl acetate fraction) 
with a magnetic stirrer at a speed of 310 rpm for 5 min. Surfactant 
was added, followed by stirring at the previous speed and duration, 
and then cosurfactant was added [22–24]. 

Characterization of SNEDDS  

pH  

The pH of SNEDDS preparations was measured using a calibrated pH 
meter [25, 26]. 

 

Table 1: SNEDDS dosage modification of n-hexane: ethyl acetate fraction from sesewanua leaves 

Materials Concentration (g) 
F0 F1 F2 F3 F4 F5 

Active Substances  0 0.005 0.005 0.005 0.005 0.005 
VCO 1 1 1 1 1 1 
Tween 80 7 7 7 7 7 7 
PEG 400 2 2 2 2 2 2 

F0 = No Active Substance (Negative Control), F1 = Fraction n-Hexane: Ethyl Acetate leaves Sesewanua+Acetyl chloride, F2 = Fraction n-Hexane: 
Ethyl Acetate leaves Sesewanua+Propanoyl chloride, F3 = Fraction n-Hexane: Ethyl Acetate leaves Sesewanua+Butyryl chloride, F4 = Fraction n-
Hexane: Ethyl Acetate leaves Sesewanua+Pentanoyl chloride, F5 = Fraction n-Hexane: Ethyl Acetate leaves Sesewanua 
 

Nanoemulsified time 

Nano-emulsion time testing was carried out using a magnetic stirrer. A 
total of 1 ml SNEDDS preparation was placed into a container filled with pH 
3.5 and stirred with a magnetic stirrer at a speed of 1000 rpm. 
Observations were made on the time required from the beginning of 
SNEDDS droplets in the media until nanoemulsions were formed [19, 27]. 

Analysis using particle size analyzer (PSA) 

Particle size, polydispersity index, and zeta potential were identified 
using PSA Dynamic Light Scattering (DLS) method. The sample was 
diluted with a dispersing solution, creating a cuvette cell at a volume 
of 3 ml. The cuvette containing the sample was placed into the 
cuvette holder inside PSA device. System settings regarding sample 
name, dispersing media, and gate time were set up using the 
software. Subsequently, "Start Measurement" was clicked to start 
the analysis process [25]. 

SNEDDS bioavailability test 

Bioavailability testing of SNEDDS was performed using an artificial 
crane and the Wilson method [28, 29]. In this test, 2 ml SNEDDS and 
5 ml gastric fluid (pH 3.5) were enclosed in the dialysis membrane. 
The dialysis membrane was created in a beaker filled with 96% 
ethanol-receiving medium (blood circulation) at a volume of 250 ml.  
Samples were made at 3 ml each for 24 h with 12 points, and then 4 
points that met the peak and steady-state levels were collected. After 

each sampling, the receiving medium was substituted to maintain 
sink condition [28, 30]. 

Spectrometry test using UV-VIS Spectrophotometry 

Determination of the maximum wavelength of piperine 

Piperine (50 mg) was dissolved in 50 ml ethanol (1000 ppm) and 
diluted to a concentration of 500 ppm. A 500 ppm solution of 
piperine was diluted to 1, 5, and 10 ppm, then absorbance was 
recorded at a wavelength of 200-600 nm. 

Piperine standard curve  

Piperine weighing 50 mg was dissolved in 50 ml ethanol (1000 ppm) 
and diluted to a concentration of 500 ppm. Variations in the 
concentrations of 1, 2, 3, 4, 6, and 10 ppm were determined. 
Absorbance was measured using a UV-Vis spectrophotometer at λ 
maximum wavelength (342.50 nm). The absorbance results (y) and 
the concentration of the piperine raw solution (x) were plotted in a 
calibration curve to obtain a linear regression equation y=bx±a [31]. 

Determination of piperine levels 

The absorbance (342.50 nm) of each sample was monitored using a 
UV-Vis spectrophotometer and testing was conducted in triplicate.  

Bioavailability parameters were obtained using the formulas below 
[17, 32]: 
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AUC0-∞ was calculated by the trapezoid method, 

AUC0-∞ = ∑ (
(𝐶𝑝1+𝐶𝑝2)

2
 𝑥 (𝑡2 − 𝑡1))

∞

𝑛=1
[17] 

Cpmax= Maximum absorbed concentration 

Tmax= The time to reach maximum concentration 

T1/2= 0,693 

Data analysis 

Bioavailability data of T1/2 and AUC0-∞ were statistically analyzed 
using Statistical Package for the Social Sciences (SPSS) program 
version 25.0. To determine the normality of the data, the Shapiro-
Wilk test was performed. The results with a p-value<0.05 were 
considered abnormally distributed. The Homogeneity of variance 

test obtained a value of>0.05, meaning that the data distribution was 
not homogeneous (different data variations). One-way ANOVA Post 
hoc Tamhane's T2 test obtained significant scores. 

RESULTS AND DISCUSSION 

Yield percentage of n-hexane: ethyl acetate fraction from 
sesewanua leaves 

As shown in table 2, the percent yield of n-hexane: ethyl acetate 
fraction had an excellent value, in line with the Indonesian Herbal 
Pharmacopoeia, which set the limit of a good extract yield at 7.2% 
[33]. The higher the yield of the extract fraction, the greater the 
amount of compounds extracted between solvents [34]. This was 
attributed to the nonpolar nature of n-hexane solvent as well as the 
semipolar nature of ethyl acetate, causing the withdrawal of the 
compound from n-hexane: ethyl acetate fraction [35]. 

 

Table 2: Yield percent of n-hexane: ethyl acetate fraction 

Sample Solvent Extract Weight (g) Fraction Weight (g) Yield (%) 
Sesewanua Leaves n-hexane: ethyl acetate 10  5.2 50.2  

 

Table 3: SNEDDS dosage pH test results 

Treatment SNEDDS pH  
F0 F1 F2 F3 F4 F5 

1 7.7 7.9 8.0 8.0 8.0 8.1 
2 8.0 8.0 7.9 8.0 7.7 7.8 
3 7.9 7.9 7.8 7.8 7.8 7.9 
Mean+SD 7.87+0.15 7.93+0.06 7.90+0.10 7.93+0.12 7.83+0.15 7.93+0.15 

F0 = No Active Substance (Negative Control), F1 = Fraction n-Hexane: Ethyl Acetate leaves Sesewanua+Acetyl chloride, F2 = Fraction n-Hexane: Ethyl 
Acetate leaves Sesewanua+Propanoyl chloride, F3 = Fraction n-Hexane: Ethyl Acetate leaves Sesewanua+Butyryl chloride, F4 = Fraction n-Hexane: Ethyl 
Acetate leaves Sesewanua+Pentanoyl chloride, F5 = Fraction n-Hexane: Ethyl Acetate leaves Sesewanua, Description: Data represents mean±SD (n=3) 

 

As stated by Ayuningtyas et al., (2021), pH of SNEDDS preparations 
ranges from 6.5-9.0, while Aisy et al., (2021) reported pH of oral 
preparations to be 5-8. This implies that the pH of SNEDDS preparations 
F0, F1, F2, F3, F4, and F5 in table 3 meet pH requirements both for 
SNEDDS and oral preparations. In addition, alkaloid compounds 
(piperine) contained in the fraction remained unaffected because 
SNEDDS preparations were at a stable pH>7 (alkaline) [38]. This was 
attributed to the addition of surfactants and co-surfactants, which 
maintained the stability of the active substance [19]. 

Nanoemulsified time test 

Nanoemulsified time test was performed to determine the ease with 
which SNEDDS formed emulsions while in the body [39]. The test 
was carried out using gastric (pH 3.5) and intestinal fluid (pH 6.6) 

[40]. The results of the nano-emulsified time test for SNEDDS 
preparation are shown in table 4. 

SNEDDS emulsified time test results in table 4 meet the standard, 
namely less than 1 minute. Based on the results, SNEDDS was 
categorized as grade A, referring to a clear nanoemulsion formed 
quickly in 1 minute. Clear emulsions with fast emulsified times showed 
that SNEDDS formulas achieved emulsification easily [27, 36, 37, 41]. 

PSA analysis 

Particle size of SNEDDS 

Particle size is a parameter to indicate the characterization of 
nanoparticles in a drug delivery system [42], and the results 
obtained in this study are presented in table 5. 

 

Table 4: SNEDDS nano emulated time test results 

Treatment Test nano-emulsified time (Seconds) 
F0 F1 F2 F3 F4 F5 

Gastric fluid 06.42+0.006 04.75+0.006 06.25+0.012 04.87+0.012 04.72+0.006 06.30+0.115 
Intestinal fluid 05.81+0.029 05.47+0.012 05.05+0.023 05.68+0.115 05.46+0.023 05.77+0.029 

F0 = No Active Substance (Negative Control), F1 = Fraction n-Hexane: Ethyl Acetate leaves Sesewanua+Acetyl chloride, F2 = Fraction n-Hexane: Ethyl 
Acetate leaves Sesewanua+Propanoyl chloride, F3 = Fraction n-Hexane: Ethyl Acetate leaves Sesewanua+Butyryl chloride, F4 = Fraction n-Hexane: Ethyl 
Acetate leaves Sesewanua+Pentanoyl chloride, F5 = Fraction n-Hexane: Ethyl Acetate leaves Sesewanua, Description: Data represents mean±SD (n=3) 
 

Table 5: Particle size test results for SNEDDS preparations 

Treatment Particle size (nm) 
F0 F1 F2 F3 F4 F5 

1 16.6 19.5 19.4 16.7 25 22.9 
2 15.1 15 21.6 14.9 29.6 21.5 
3 15.7 17.6 20.1 15.8 30.1 20.2 
Mean+SD 15.8+0.75 17.367+2.26 20.367+1.12 15.8+0.9 28.233+2.81 21.533+1.35 

F0 = No Active Substance (Negative Control), F1 = Fraction n-Hexane: Ethyl Acetate leaves Sesewanua+Acetyl chloride, F2 = Fraction n-Hexane: Ethyl 
Acetate leaves Sesewanua+Propanoyl chloride, F3 = Fraction n-Hexane: Ethyl Acetate leaves Sesewanua+Butyryl chloride, F4 = Fraction n-Hexane: Ethyl 
Acetate leaves Sesewanua+Pentanoyl chloride, F5 = Fraction n-Hexane: Ethyl Acetate leaves Sesewanua, Description: Data represents mean±SD (n=3) 
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Based on table 5, the particle size test results using PSA met the 
acceptable SNEDDS characteristics, namely 5–100 nm in the 
gastrointestinal tract [43]. This was consistent with a study by 
Mathew (2022), stating that Quartcetin SNEDDS obtained particle 
sizes less than 100 [44].  

Polydispersity index 

Polydispersity index value close to 0 shows homogeneous particle 
size dispersion, while values above 0.5 imply high heterogeneity 
[45]. The results for the polydispersity index are shown in table 6. 

 

Table 6: Polydispersity index test results 

Treatment Polydispersity index 
F0 F1 F2 F3 F4 F5 

1 0.359 0.435 0.18 0.361 0.444 0.321 
2 0.115 0.449 0.232 0.353 0.473 0.517 
3 0.158 0.429 0.52 0.436 0.264 0.352 
Mean+SD 0.211+0.13 0.438+0.01 0.311+0.18 0.383+0.05 0.394+0.11 0.397+0.11 

F0 = No Active Substance (Negative Control), F1 = Fraction n-Hexane: Ethyl Acetate leaves Sesewanua+Acetyl chloride, F2 = Fraction n-Hexane: Ethyl 
Acetate leaves Sesewanua+Propanoyl chloride, F3 = Fraction n-Hexane: Ethyl Acetate leaves Sesewanua+Butyryl chloride, F4 = Fraction n-Hexane: Ethyl 
Acetate leaves Sesewanua+Pentanoyl chloride, F5 = Fraction n-Hexane: Ethyl Acetate leaves Sesewanua, Description: Data represents mean±SD (n=3) 

 

Based on table 6, polydispersity index of SNEDDS preparations was 
in the appropriate category. Polydispersity index shows the 
uniformity of globule size in preparation and estimates the range of 
particle size distribution present in a sample [45]. 

Zeta potential 

The results of the zeta potential test are shown in table 7. 

A high zeta potential value is required in a formulation (positive or 
negative) because it shows the system stability. A good zeta 
potential value for emulsion preparations ranges between 20-30 mV 
[46]. The zeta potential value in table 7 complies with the standard. 

SNEDDS bioavailability test results 

Determination of the piperine standard curve 

Measurement of the standard absorbance for piperine is depicted in fig. 1. 

The calibration curve in fig. 1 shows the relationship between 
piperine concentration and absorbance, producing a regression 
equation to calculate alkaloid levels in the test sample. The 
regression equation for the piperine standard curve was y = 

0.1014x+0.0404 with an r2 value of 0.9934. An r2 value close to 1 in 
the linear calibration curve shows a relationship between the 
concentration of the piperine solution and the absorbance value. 

Concentration and bioavailability test results 

Bioavailability shows the speed and amount of active substances 
that reach the systemic circulation. In this study, bioavailability 
testing of SNEDDS focused on parameters such as Cpmax, Tmax, T1/2, 
and AUC0-∞ [17]. To determine the bioavailability of SNEDDS 
preparations, piperine levels (fig. 2) Which successfully penetrated 
the gastric membrane, were measured. 

Bioavailability parameters namely Cpmax, Tmax, T1/2, and AUC0-∞ were 
determined by a curve of piperine levels over time (fig. 2). Cpmax refers to 
the maximum concentration of oral drug administration. Peak plasma 
levels offer insights into the pharmacological response dependent on 
drug levels in the body. The higher the plasma levels of the drug in the 
body, the better the pharmacological response [17,32]. Cpmax was 
identified as the highest peak of each formula on the curve in fig. 2, 
accounting for maximum concentration of SNEDDS in the body. Cpmax 
and Tmax values of SNEDDS preparations are presented in table 8. 

 

Table 7: Potential zeta value test results 

Treatment Zeta potential (mV) 
F0 F1 F2 F3 F4 F5 

1 -22.2 -21.8 -23.4 -24.4 -23.4 -21.6 
2 -22 -22.8 -22.6 -24.1 -23.3 -22 
3 -22.6 -22 -24.5 -23.6 -22.2 -21.2 
Mean+SD -22.267+0.31 -22.2+0.53 -23.5+0.95 -24.033+0.4 -22.967+0.67 -21.6+0.4 

F0 = No Active Substance (Negative Control), F1 = Fraction n-Hexane: Ethyl Acetate leaves Sesewanua+Acetyl chloride, F2 = Fraction n-Hexane: Ethyl 
Acetate leaves Sesewanua+Propanoyl chloride, F3 = Fraction n-Hexane: Ethyl Acetate leaves Sesewanua+Butyryl chloride, F4 = Fraction n-Hexane: Ethyl 
Acetate leaves Sesewanua+Pentanoyl chloride, F5 = Fraction n-Hexane: Ethyl Acetate leaves Sesewanua, Description: Data represents mean±SD (n=3) 

 

 

Fig. 1: Piperine standard curve at wavelength 342.50 nm. Each measurement was performed in triplicate (n=3) and data represents mean±SD 
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Fig. 2: Profile of piperine levels in the test time interval of 0-24 h in the body. Each value was triplicate (n=3) and data represents mean+SD. 
F0 = No Active Substance (Negative Control), F1 = Fraction n-Hexane: Ethyl Acetate leaves Sesewanua+Acetyl chloride, F2 = Fraction n-

Hexane: Ethyl Acetate leaves Sesewanua+Propanoyl chloride, F3 = Fraction n-Hexane: Ethyl Acetate leaves Sesewanua+Butyryl chloride, F4 = 
Fraction n-Hexane: Ethyl Acetate leaves Sesewanua+Pentanoyl chloride, F5 = n-Hexane: Ethyl Acetate Fraction from Sesewanua leaves 

 

Table 8Bioavailability test of Cp max and T max 

Test parameters Bioavailability test 
F0 F1 F2 F3 F4 F5 

Cp max (µg/ml) 0 1,364 4,056 2,839 3,800 2,336 
T max (h) 0 8 6 12 12 10 

F0 = No Active Substance (Negative Control), F1 = Fraction n-Hexane: Ethyl Acetate leaves Sesewanua+Acetyl chloride, F2 = Fraction n-Hexane: 
Ethyl Acetate leaves Sesewanua+Propanoyl chloride, F3 = Fraction n-Hexane: Ethyl Acetate leaves Sesewanua+Butyryl chloride, F4 = Fraction n-
Hexane: Ethyl Acetate leaves Sesewanua+Pentanoyl chloride, F5 = Fraction n-Hexane: Ethyl Acetate leaves Sesewanua 

 

 

(A)       (B) 

Fig. 3: (A) SNEDDS Cpmax value; (B) SNEDDS Tmax value. F0 = No Active Substance (Negative Control), F1 = Fraction n-Hexane: Ethyl Acetate 
leaves Sesewanua+Acetyl chloride, F2 = Fraction n-Hexane: Ethyl Acetate leaves Sesewanua+Propanoyl chloride, F3 = Fraction n-Hexane: 

Ethyl Acetate leaves Sesewanua+Butyryl chloride, F4 = Fraction n-Hexane: Ethyl Acetate leaves Sesewanua+Pentanoyl chloride, F5 = 
Fraction n-Hexane: Ethyl Acetate leaves Sesewanua 

 

Cpmax is associated with Tmax, which refers to the time required for the 
drug to reach maximum levels in plasma after administration. As stated 
in previous studies, absorption continues even after reaching the Tmax 

value, but the rate becomes slower [17, 32]. Based on fig. 3 (A) and (B), 
formula 2 has the highest Cpmax in a short time, namely 6 h. This was 
attributed to the more acidic pKa of propanoyl chloride (2.86), making 
the piperine compound with a pKa of 12.22 more acidic. Meanwhile, the 
pKa of acetyl, butyryl, and pentanoyl is 4, 4.5, and 3.46 respectively 
[47,48]. From the principle of “like dissolves like”, a compound will 

dissolve in a solvent with the same properties, meaning that acidic 
compounds will be more soluble in acidic compounds [49]. 

The results in fig. 3A and 3B cannot describe the total number of 
active compounds capable of providing therapeutic effects for the 
body. The Cpmax and Tmax values can be used as an initial step in 
determining the pharmacokinetics profile of a drug, including AUC0-∞ 

and T1/2 elimination [50]. The results of AUC0-∞ and T1/2 elimination 
are presented in table 9. 

 

Table 9: Bioavailability test results of AUC 0-∞ and T 1/2 elimination 

Test parameters Bioavailability test 
F0 F1 F2 F3 F4 F5 

AUC0-∞ (µg) 0* 492.83 * 245.98 * 357.78* 492.94* 843.38 
T 1/2 elimination (h) 0* 22.5* 10,811* 35.54* 231.01* 15,469 

*Significantly different value against F5 (level 0.05), F0 = No Active Substance (Negative Control), F1 = Fraction n-Hexane: Ethyl Acetate leaves 
Sesewanua+Acetyl chloride, F2 = Fraction n-Hexane: Ethyl Acetate leaves Sesewanua+Propanoyl chloride, F3 = Fraction n-Hexane: Ethyl Acetate 
leaves Sesewanua+Butyryl chloride, F4 = Fraction n-Hexane: Ethyl Acetate leaves Sesewanua+Pentanoyl chloride, F5 = Fraction n-Hexane: Ethyl 
Acetate leaves Sesewanua 
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(A)       (B) 

Fig. 4: (A) AUC0-∞ SNEDDS value; (B) SNEDDS elimination T1/2 value. F0 = No Active Substance (Negative Control), F1 = Fraction n-Hexane: 
Ethyl Acetate leaves Sesewanua+Acetyl chloride, F2 = Fraction n-Hexane: Ethyl Acetate leaves Sesewanua+Propanoyl chloride, F3 = 

Fraction n-Hexane: Ethyl Acetate leaves Sesewanua+Butyryl chloride, F4 = Fraction n-Hexane: Ethyl Acetate leaves Sesewanua+Pentanoyl 
chloride, F5 = Fraction n-Hexane: Ethyl Acetate leaves Sesewanua 

 
AUC 0-∞ represents the area under the concentration versus time 
curve, in other words, it describes the amount of drug absorbed into 
the system [17, 32, 51]. The results of AUC0-∞ value are presented in 
fig. 4A. Another bioavailability parameter associated with drug 
levels in the body is T1/2 elimination. T1/2 refers to the time required 
for drug concentrations to be eliminated by half [52,53]. The results 
of the elimination half-life test are presented in fig. 4B. 

Fig. 4A shows the value of AUC0-∞ obtained for n-hexane: ethyl acetate 
fraction with the addition of acyl chloride derivatives in the order 
pentanoyl>acetyl>butyryl>propanoyl chloride. Generally, the addition 
of acyl derivative compounds led to a change in the polarity of 
piperine. The addition of pentanoyl chloride caused the non-polar 
piperine to become even more non-polar because pentanoyl chloride 
has more carbon groups compared to other acyl derivatives. Non-polar 
compounds tend to easily penetrate the stomach membrane which is 
non-polar [47, 54]. This is attributed to the chemical bond between 
pentanoic acid in fat, which is formed through the reaction between 
the hydroxyl group on glycerol and the carboxyl group on pentanoic 
acid [55]. The non-polar bond that occurs between pentanoyl chloride 
and piperine makes the drug compound more non-polar leading to the 
accumulation for a long time in the body with a slow rate of excretion 
[56]. Consequently, piperine with pentanoyl chloride derivatives has a 
very long elimination T1/2, namely 231.01 h. The highest AUC0-∞ 

concentration was observed after the introduction of a new piperine 
pentanoate derivative. 

The addition of acetyl chloride led to changes in the acidity level of 
piperine, resulting in polarity. However, this change did not completely 
replace the polarity of piperine. As stated in previous studies, pKa of 
piperine and acetyl chloride is 12.22 and 4, respectively [47, 48]. Similar 
to pentanoyl chloride, piperine in acetyl chloride will penetrate the 
stomach membrane more easily, but at a lower rate. The ability of 
compounds to become absorbed in body tissues is reduced because 
there is no direct bond between fat and acetyl chloride [55]. This results 
in fewer acetyl chloride derivative compounds being absorbed in the 
body and not accumulating for an extended period due to the reduced 
polarity of piperine, leading to a short T1/2 elimination time. The highest 
AUC0-∞ concentration was observed after the introduction of butyryl 
chloride derivatives. 

The addition of butyryl chloride causes piperine to change its 
polarity and become less polar, leading to fewer compounds 
penetrating the stomach membrane. Additionally, once in fat tissue, 
the piperine butyryl chloride derivative does not accumulate in the 
body for an extended period. Similar to acetyl chloride, butyryl 
chloride does not form direct bonds with fat and the polar nature of 
this compound translates to a short T1/2 elimination time [47, 55]. 
The lowest AUC0-∞ concentration was observed in piperine with 
propanoyl chloride derivatives. 

The binding of propanoyl chloride with piperine also increases 
polarity, primarily due to the fewer carbon groups in propanoyl 
chloride and a more acidic pKa value of 2.86. This results in a lower 
piperine propanoyl chloride derivative penetrating the non-polar 
stomach membrane. Moreover, propanoyl chloride cannot bind 
directly to fat in the body, and the polar nature leads to rapid 
excretion from the body [47, 48, 55]. 

The value of AUC 0-∞ from piperine without any additions was better 
compared to when four acyl derivatives were added. This 
discrepancy can be attributed to the inherent hydrophobic or non-
polar properties of piperine, restricting the solubility. Piperine in 
SNEDDS preparations can increase solubility because the drug 
dissolves in the oil phase which then forms a nanoemulsion when in 
contact with water in the digestive system [47, 57]. Due to the non-
polar nature, piperine effectively penetrates the non-polar stomach 
membrane. 

Statistical test results for AUC0-∞ and T1/2 elimination of SNEDDS 
piperine compounds showed that there was a significant 
difference in the values of F0, F1, F2, F3, and F4 compared to F5. 
Specifically, AUC 0-∞ of piperine compounds was significantly 
influenced by the addition of acetyl, propanoyl, butyryl, and 
pentanoyl chloride. 

Based on AUC0-∞ and T1/2 elimination (Figs. 4A and 4B) as well as 
Tmax values (fig. 3B), the cumulative concentrations of therapeutic 
doses and drug concentration during the steady state of SNEDDS 
preparations were calculated. The concentration value of 
therapeutic dose and steady-state is shown in fig. 5. 

 

 

(A)      (B) 

Fig. 1: (A) Drug therapy dosage; (B) Drug concentration in steady state. F0 = No Active Substance (Negative Control), F1 = Fraction n-
Hexane: Ethyl Acetate leaves Sesewanua+Acetyl chloride, F2 = Fraction n-Hexane: Ethyl Acetate leaves Sesewanua+Propanoyl chloride, F3 

= Fraction n-Hexane: Ethyl Acetate leaves Sesewanua+Butyryl chloride, F4 = Fraction n-Hexane: Ethyl Acetate leaves 
Sesewanua+Pentanoyl chloride, F5 = Fraction n-Hexane: Ethyl Acetate leaves Sesewanua 
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Therapeutic dose is the amount/measure of medication provided to 
obtain a healing effect, reflecting the drug level in the systemic 
circulation before reaching T1/2 elimination. Meanwhile, a steady 
state is a condition where drug usage starts to decline slowly and 
stabilizes when half of the dosage has been eliminated from the 
blood [58,59]. The pharmacokinetics profile of individual SNEDDS 
preparations can be obtained through AUC0-∞, T1/2 elimination, 
therapeutic dose, and drug levels during steady state. 

Based on fig. 4A and 4B, formula 4 had the highest AUC0-∞ value 
(492.94 μg) with a very long elimination T1/2 value (231.01 h), a high 
therapeutic dose (369.7 μg) and low steady state (122.233 μg). 
Therefore, formula 4, containing piperine compound with 
penthanoyl chloride derivative, can be administrated once every 9-
10 d. Formula 1 had a high AUC0-∞ (492.83 μg) short T1/2 (22.5 h), a 
high therapeutic dose (246.41 μg), and steady-state (246.41 μg). 
This formula, consisting of piperine compounds with acetyl chloride 
derivatives, can be consumed once a day. Formula 3 had a fairly high 
AUC0-∞ (357.78 μg) with a slightly long T1/2 value (35.54 h), 
therapeutic dose (268.33 μg), and slightly high steady-state (89.44 
μg). Consequently, formula 3, containing piperine compounds with 
butyryl chloride derivatives can be used once time a day. Formula 2 
had a very low AUC0-∞ (245.92 μg), rapid elimination T1/2 value 
(10.811 h), small therapeutic dose (92.24 μg), and steady-state 
(153.78 μg). This formula containing piperine compounds with 
propanoyl chloride derivatives can be consumed twice a day. 
Formula 5 had a high AUC0-∞ (843.38 μg), short elimination T1/2 
value (15.4687 h), high therapeutic dose (527.11 μg), and elevated 
steady-state (316.26 μg). Therefore, formula 5 comprising only the 
piperine compound can be used twice a day. These results were in 
line with the study by Quader (2017) on SNEDDS and inclusion 
complexation with hydroxypropyl b cyclodextrin (HPbCD) for 
enhanced intestinal absorption of eprosartan mesylate [60]. 

CONCLUSION 

In conclusion, the addition of acetyl, propanoyl, butyryl, and 
pentanoyl chloride significantly affected the pharmacokinetics 
profile, specifically AUC0-∞ and T1/2 elimination of n-hexane: ethyl 
acetate fraction with antirheumatic effect. Structural modification 
provided a means to alter bioavailability of the active ingredient 
according to the desired therapeutic goal. However, this study was 
conducted on an in vitro laboratory scale, showing the need for in 
vivo studies and clinical trials to further prove the results. 

FUNDING 

Nil 

AUTHORS CONTRIBUTIONS 

Zulfiayu Sapiun contributed to Conceptualization, Funding 
acquisition, Investigation, Methodology, Supervision, Writing–
review and editing, Arlan K. Imran Methodology, Project 
administration, Supervision, Writing–review and editing, Ahmad 
Aswad Validation, Writing–original draft, Writing–review and 
editing, Mohamad Usman Nur Resources, Project administration,  
Software, Writing–review and editing, Ysrafil Ysrafil Validation, 
Visualization, Writing–review and editing, Nur’ainun Panigoro 
Investigation, Methodology, Writing–original draft, Writing–review 
and editing, Nurrahmatia Utina Investigation, Methodology, Writing–
review and editing, and Iksandi Aliwu Investigation, Methodology, 
Writing–review and editing. 

CONFLICT OF INTERESTS 

Declared none 

REFERENCES 

1. Sapiun Z, Imran AK, Rosmala Dewi ST, Masita Pade DF, Ibrahim 
W, Tungadi R. Formulation and characterization of self-nano-
emulsifying drug delivery system (SNEDDS) fraction of N-
hexane: ethyl acetate from sesewanua leaf (Clerodendrum 
fragrans wild.). Int J App Pharm. 2023;15(2):72-7. doi: 
10.22159/ijap.2023v15i2.46365. 

2. Pangalo P, Sapiun Z, Imran AK, Muindar M, Sabaruddin S, Wicita 
PS. Optimization of dimethyl sulfoxide as an enhancer on ex vivo 

penetration of sesewanua (Clerodendrum fragrans wild) leaf 
extracts emulgel. Int J App Pharm. 2022;14(3):110-6. doi: 
10.22159/ijap.2022v14i3.43938. 

3. Reddy MR, Gubbiyappa KS. A comprehensive review on 
supersaturable self-nanoemulsifying drug delivery system. 
Asian J Pharm Clin Res. 2021;14(8):40-4. doi: 
10.22159/ajpcr.2021.v14i8.41987. 

4. Pratiwi L, Fudholi A, Martien R, Pramono S. Physical and chemical 
stability test of SNEDDS (self-nanoemulsifying drug delivery system) 
and nanoemulsion ethyl acetate fraction of Garcinia mangostana L. 
Trad. Trad Med J. 2018;23(2):84-90. doi: 10.22146/mot.28533. 

5. Khalid N, Sarfraz M, Arafat M, Akhtar M, Lobenberg R, Ur Rehman 
N. Nano-sized droplets of self-emulsifying system for enhancing 
oral bioavailability of chemotherapeutic agent VP-16 in rats: a 
nano lipid carrier for BCS class IV drugs. J Pharm Pharm Sci. 
2018;21(1):398-408. doi: 10.18433/jpps30097, PMID 30365396. 

6. Beandrade MU. Formulation and characterization of SNEDDS 
extract of black cumin (Nigella sativa) with shark oil phase 
(Centrophorus sp) and immunostimulant activity test. J Pharm 
Sci Clin Res. 2018;1(5):234-44. doi: 10.20961/jpscr.v3i1.15506. 

7. Melidya L. Test of effectiveness of oral SNEDDS preparation 
fraction n-hexan: ethyl acetate of sesewanua leaves 
(Clerodendrum fragrans Wild) against rheumatoid arthritis 
index in male white rats (Rattus norvegicus). Gorontalo: Health 
Polytechnic of the Ministry of Health Gorontalo; 2022. 

8. Hamzah RA. Anti rheumatoid arthritis activity test of oral 
SNEDDS preparation of sesewanua leaves (Clerodendrum 
fragrans Wild.) in mice (Rattus norvegicus) induced CFA 
(Complete Freund Adjuvant). Gorontalo: Health Polytechnic of 
the Ministry of Health Gorontalo; 2022. 

9. Kazi M, Shahba AA, Alrashoud S, Alwadei M, Sherif AY, Alanazi 
FK. Bioactive self-nanoemulsifying drug delivery systems (bio-
SNEDDS) for combined oral delivery of curcumin and piperine. 
Molecules. 2020;25(7). doi: 10.3390/molecules25071703, PMID 
32276393, PMCID PMC7181043. 

10. Wang S, Alseekh S, Fernie AR, Luo J. The structure and function 
of major plant metabolite modifications. Mol Plant. 
2019;12(7):899-919. doi: 10.1016/j.molp.2019.06.001, PMID 
31200079. 

11. Suryadi A, Siswodihardjo S, Widiandani T, Widyowati R. 
Structure modifications of pinostrobin from Temu Kunci 
(Boesenbergia pandurata ROXB. SCHLECHT) and their analgesic 
activity based on in silico studies. Res J Pharm Technol. 
2021;14(4):2089-94. doi: 10.52711/0974-360X.2021.00370. 

12. Pratama MRF, Poerwono H, Siswodihardjo S. Molecular docking 
of novel 5-O-benzoylpinostrobin derivatives as wild type and 
L858R/T790M/V948R mutant EGFR inhibitor. J Basic Clin 
Physiol Pharmacol. 2019;30(6):20190301. doi: 10.1515/jbcpp-
2019-0301, PMID 31855568. 

13. Novo Fernandez O, Oliveros D, Canela Garayoa R, Balcells Fluvia M, 
Mendez Arteaga JJ, Eras Joli J. Introducing lipophilicity to 
(Polyhydroxyalkyl)thiazolidine carboxylic acids via acylation. ACS 
Omega. 2022;7(13):11075-81. doi: 10.1021/acsomega.1c07078, 
PMID 35415335, PMCID PMC8991926. 

14. Aleman RS, Moncada M, Aryana KJ. Leaky gut and the ingredients 
that help treat it: a review. Molecules. 2023;28(2). doi: 
10.3390/molecules28020619, PMID 36677677, PMCID 
PMC9862683. 

15. Ferdiansyah R, Ardiansyah SA, Rachmaniar R, Yuniar I. The 
effect of cocrystal formation using carboxylic acid conformer 
with solvent evaporation and solvent drop grinding methods on 
bioavailability of active substances. J Ilm Farm Bah. 
2021;12(1):28-38. doi: 10.52434/jfb.v12i1.987. 

16. Shukla M, Jaiswal S, Sharma A, Srivastava PK, Arya A, Dwivedi 
AK. A combination of complexation and self-nanoemulsifying 
drug delivery system for enhancing oral bioavailability and 
anticancer efficacy of curcumin. Drug Dev Ind Pharm. 
2017;43(5):847-61. doi: 10.1080/03639045.2016.1239732, 
PMID 27648633. 

17. Yuen KH, Peh KK, Billa N, Chan KL, Toh WT. Bioavailability and 
pharmacokinetics of acyclovir tablet preparation. Drug Dev Ind 
Pharm. 1998;24(2):193-6. doi: 10.3109/03639049809085607, 
PMID 15605452. 

18. Mardhatillah MN, Nurahmi E, Erida G. Uji aktivitas bioherbisida 
ekstrak n-heksana babadotan (Ageratum conyzoides L.) 

https://doi.org/10.22159/ijap.2023v15i2.46365
https://doi.org/10.22159/ijap.2022v14i3.43938
https://doi.org/10.22159/ajpcr.2021.v14i8.41987
https://doi.org/10.22146/mot.28533
https://doi.org/10.18433/jpps30097
http://www.ncbi.nlm.nih.gov/pubmed/30365396
https://doi.org/10.20961/jpscr
https://doi.org/10.3390/molecules25071703
http://www.ncbi.nlm.nih.gov/pubmed/32276393
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7181043
https://doi.org/10.1016/j.molp.2019.06.001
http://www.ncbi.nlm.nih.gov/pubmed/31200079
https://doi.org/10.52711/0974-360x.2021.00370
https://doi.org/10.1515/jbcpp-2019-0301
https://doi.org/10.1515/jbcpp-2019-0301
https://www.ncbi.nlm.nih.gov/pubmed/31855568
https://doi.org/10.1021/acsomega.1c07078
http://www.ncbi.nlm.nih.gov/pubmed/35415335
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8991926
https://doi.org/10.3390/molecules28020619
http://www.ncbi.nlm.nih.gov/pubmed/36677677
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9862683
https://doi.org/10.52434/jfb
https://doi.org/10.1080/03639045.2016.1239732
http://www.ncbi.nlm.nih.gov/pubmed/27648633
https://doi.org/10.3109/03639049809085607
http://www.ncbi.nlm.nih.gov/pubmed/15605452


Z. Sapiun et al. 
Int J App Pharm, Vol 16, Issue 2, 2024, 255-263 

262 

Subfraksi C pada berbagai konsentrasi terhadap pertumbuhan 
gulma bayam duri (Amaranthus spinosus L.). J Ilm Mah Pert. 
2022;7(4):94-100. doi: 10.17969/jimfp.v7i4.22248. 

19. Widya I. Formulation and characterization of self-Nano 
emulsifying drug delivery system (SNEDDS) fraction toluene: ethyl 
acetate sesewanua leaves (Clerodendrum fragrans Wild.). 
gorontalo: Health Polytechnic of the Ministry of Health Gorontalo; 
2022. 

20. Ustun O, Berrin Ozcelik O, Baykal T. Bioactivities of ethanolic 
extract and its fractions of cistus laurifolius L. (Cistaceae) and 
salvia wiedemannii boiss. (Lamiaceae) species. Pharmacogn 
Mag. 2016;12Suppl 1:S82-5. doi: 10.4103/0973-1296.176125, 
PMID 27041865, PMCID PMC4792006. 

21. Bekers O, Uijtendaal EV, Beijnen JH, Bult A, Underberg WJM. 
Cyclodextrins in the pharmaceutical field. Drug Dev Ind Pharm. 
1991;17(11):1503-49. doi: 10.3109/03639049109026630. 

22. Mehanna MM, Mneimneh AT. Formulation and applications of 
lipid-based nanovehicles: spotlight on self-emulsifying systems. 
Adv Pharm Bull. 2021;11(1):56-67. doi: 
10.34172/apb.2021.006, PMID 33747852, PMCID PMC7961215. 

23. Kim JS, Din Ud F, Lee SM, Kim DS, Choi YJ, Woo MR. Comparative 
study between high-pressure homogenisation and Shirasu 
porous glass membrane technique in sildenafil base-loaded solid 
SNEDDS: Effects on physicochemical properties and in vivo 
characteristics. International Journal of Pharmaceutics. 
2021;592:120039. doi: 10.1016/j.ijpharm.2020.120039, PMID: 
33152479. 

24. Anindhita MA, Oktaviani N. formulasi self-nanoemulsifying 
drug delivery system (SNEDDS) ekstak daun pepaya (Carica 
papaya L.) dengan virgin coconut oil (VCO) sebagai minyak 
pembawa. Pen J Kes. 2016;6(2):103-11. doi: 
10.31941/pmjk.v6i2.395. 

25. Alothaid H, Aldughaim MS, Yusuf AO, Yezdani U, Alhazmi A, 
Habibullah MM. A comprehensive study of the basic formulation 
of supersaturated self-nanoemulsifying drug delivery systems 
(SNEDDS) of albendazolum. Drug Deliv. 2021;28(1):2119-26. 
doi: 10.1080/10717544.2021.1986601, PMID 34612775, 
PMCID PMC8510591. 

26. Ponto T, Latter G, Luna G, Leite Silva VR, Wright A, Benson HAE. 
Novel self-nano-emulsifying drug delivery systems containing 
astaxanthin for topical skin delivery. Pharmaceutics. 2021;13(5). 
doi: 10.3390/pharmaceutics13050649, PMID 34063593, PMCID 
PMC8147608. 

27. Tungadi R, Thomas NA, Van Gobel WG. Formulation, 
characterization, and evaluation of astaxanthin self nano-
emulsifying drug delivery system (SNEDDS) liquid drops. Ind J 
Pharm Ed. 2021;1(3):168-78. doi: 10.37311/ijpe.v1i3.11400. 

28. Akiyama Y, Matsumura N, Ono A, Hayashi S, Funaki S, Tamura N. 
Prediction of oral drug absorption in rats from in vitro data. 
Pharm Res. 2023;40(2):359-73. doi: 10.1007/s11095-022-
03173-6, PMID 35169960. 

29. Crane RK, Wilson TH. In vitro method for the study of the rate of 
intestinal absorption of sugars. J Appl Physiol. 1958;12(1):145-
6. doi: 10.1152/jappl.1958.12.1.145, PMID 13502278. 

30. Desnita R, Luliana S, Anggraini S. In vitro penetration of alpha 
arbutin niosome span 60 system in gel preparation. 
Pharmaciana. 2017;7(2):249-56. doi: 10.12928/ 
pharmaciana.v7i2.6799. 

31. Hikmawanti NPE, Hanani E, Maharani S, Putri AIW. Piperine 
levels in java chili and black fruits extracts from regions with 
different altitude. J Jamu Ind. 2021;6(1):16-22. doi: 
10.29244/jji.v6i1.176. 

32. Dina CH. The effect of giving black tea (Camellia sinensis) 
steeped water on the pharmacokinetic profile of theophylline in 
male wistar rats. Yogyakarta: Universitas Islam Indonesia; 2012. 

33. Farmakope Herbal MHRI. Indonesia. 2nd ed. Jakarta: Ministry of 
Health Republic of Indonesia; 2017. 

34. Phumat P, Khongkhunthian S, Wanachantararak P, Okonogi S. 
Effects of piper betle fractionated extracts on inhibition of 
streptococcus mutans and Streptococcus intermedius. Drug 
Discov Ther. 2018;12(3):133-41. doi: 10.5582/ddt.2018.01021, 
PMID 29998994. 

35. Putri NM. Effervescent granule formulation fraction n-hexan: 
ethyl acetate ethanol extract sesewanua leaves (Clerodendrum 

fragrans Wild.) as an antioxidant. Gorontalo: Health Polytechnic 
of the Ministry of Health Gorontalo; 2022. 

36. Ayuningtyas ND, Pitarisa AP, Aryani SM, editors. Solubility 
screening of SNEDDS components of mahogany seed oil extract 
(Swietenia Mahagoni (Linn.)). Pros sem nas Kes; 2021. 

37. Aisy ZHR, Puspita OE, Shalas AF. Optimization of nifedipine 
nanoemulsion formula using the self-nanoemulsifying drug 
delivery system (SNEDDS) method. Pharm J Ind. 2021;6(2):85-
95. doi: 10.21776/ub.pji.2021.006.02.3. 

38. Reka L, Godage CM, Wijayabandara J, Siriwardhene A. Evaluation 
of antifungal activity of languas galangal rhizome and 
development of a topical antifungal Cream. Medicines (Basel, 
Switzerland). 2023;10(6). doi: 10.3390/medicines10060034, 
PMID 37367729, PMCID PMC10302669. 

39. Zubaydah W, Magistia L, Indalifiany A. Formulasi dan uji 
karakteristik self –nanoemulsifying drug delivery system 
(SNEDDS) ekstrak etanol sponge xestospongia sp. menggunakan 
tween 80 sebagai surfaktan. Majalah Farmasetika 
2023;8(2):104-10. doi: 10.24198/mfarmasetika.v8i2.41779. 

40. Nisa M, Khairuddin K, Rafiana NJJoP, Sciences M. Formulation 
and characterization of self nanoemulsion drug delivery system 
rice bran oil. Journal of Pharmaceutical and Medicinal Sciences. 
2021;5(2). doi: 10.32814/jpms.v5i2.117. 

41. Rathore C, Hemrajani C, Sharma AK, Gupta PK, Jha NK, Aljabali 
AAA. Self-nanoemulsifying drug delivery system (SNEDDS) 
mediated improved oral bioavailability of thymoquinone: 
optimization, characterization, pharmacokinetic, and 
hepatotoxicity studies. Drug Deliv Transl Res. 2023;13(1):292-
307. doi: 10.1007/s13346-022-01193-8, PMID 35831776, 
PMCID PMC9726673. 

42. Fitria A, Hanifah S, Chabib L, Uno AM, Munawwarah H, Atsil N. 
Design and characterization of propolis extract loaded self-nano 
emulsifying drug delivery system as immunostimulant. Saudi 
Pharm J. 2021;29(6):625-34. doi: 10.1016/j.jsps.2021.04.024, 
PMID 34194270, PMCID PMC8233540. 

43. Miao Y, Zhao S, Zuo J, Sun J, Wang J. Reduced the food effect and 
enhanced the oral bioavailability of ivacaftor by self-
nanoemulsifying drug delivery system (SNEDDS) using a new oil 
phase. Drug Des Devel Ther. 2022;16:1531-46. doi: 
10.2147/DDDT.S356967, PMID 35637746, PMCID 
PMC9143795. 

44. Mathew R, Varkey J. Formulation and in vitro evaluation of self 
nano emulsifying drug delivery system of quercetin for 
enhancement of oral bioavailability. Int J Curr Pharm Sci. 
2022;14:60-9. doi: 10.22159/ijcpr.2022v14i1.44113. 

45. Sahumena MH, Suryani S, Rahmadani N. The self-
nanoemulsifying drug delivery system (SNEDDS) formulation of 
mefenamic acid uses VCO with a combination of tween and span 
surfactants. J Syifa Sci Clin Res. 2019;1(2):37-46. doi: 
10.37311/jsscr.v1i2.2660. 

46. Hastuti ED, Sukarno S. Formulasi sediaan self nanoemulsifying 
drug delivery system (SNEDDS) ekstrak etil asetat buah parijoto 
(Medinilla speciosa Blume) serta uji stabilitas fisik. Cendekia J 
Pharm 2020;4(2):131-7. doi: 10.31596/cjp.v4i2.106. 

47. Sari YN, Zaini E, Ismed F. Peningkatan laju disolusi piperine 
dengan pembentukan multikomponen kristal menggunakan 
asam nikotinat. J Sains Farm Klin. 2019;6(2):180-5. doi: 
10.25077/jsfk.6.2.180-185.2019. 

48. Ballatore C, Huryn DM, Smith AB. Carboxylic acid (bio)isosteres 
in drug design. Chem Med Chem. 2013;8(3):385-95. doi: 
10.1002/cmdc.201200585, PMID 23361977, PMCID 
PMC3640829. 

49. Kemit N, Widarta IWR, Nocianitri KA. Effect of solvent type and 
maceration time on the content of flavonoid compounds and 
antioxidant activity of avocado leaf extract (Persea americana 
Mill.). J Ilm Tek Pangan. 2016;5(2):130-41. doi: 
10.24843/itepa.2023. 

50. Harahap Y, Putri GR, Suryadi H. Pharmacokinetic profile of 75 
Mg clopidogrel in plasma of Indonesian healthy subjects by 
ultra-high-performance liquid chromatography-tandem mass 
spectrometry. Int J App Pharm. 2018;10(1). doi: 
10.22159/ijap.2018.v10s1.73. 

51. Priani SE. Study on the development of nanosuspension 
preparations for intravenous delivery of poorly water-soluble 

https://doi.org/10.17969/jimfp
https://doi.org/10.4103/0973-1296.176125
http://www.ncbi.nlm.nih.gov/pubmed/27041865
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4792006
https://doi.org/10.3109/03639049109026630
https://doi.org/10.34172/apb.2021.006
http://www.ncbi.nlm.nih.gov/pubmed/33747852
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7961215
https://doi.org/10.31941/pmjk
https://doi.org/10.1080/10717544.2021.1986601
http://www.ncbi.nlm.nih.gov/pubmed/34612775
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8510591
https://doi.org/10.3390/pharmaceutics13050649
http://www.ncbi.nlm.nih.gov/pubmed/34063593
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8147608
https://doi.org/10.37311/ijpe
https://doi.org/10.1007/s11095-022-03173-6
https://doi.org/10.1007/s11095-022-03173-6
http://www.ncbi.nlm.nih.gov/pubmed/35169960
https://doi.org/10.1152/jappl.1958.12.1.145
http://www.ncbi.nlm.nih.gov/pubmed/13502278
https://doi.org/10.12928/pharmaciana.v7i2.6799
https://doi.org/10.12928/pharmaciana.v7i2.6799
https://doi.org/10.29244/jji
https://doi.org/10.5582/ddt.2018.01021
http://www.ncbi.nlm.nih.gov/pubmed/29998994
https://doi.org/10.21776/ub
https://doi.org/10.3390/medicines10060034
http://www.ncbi.nlm.nih.gov/pubmed/37367729
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10302669
https://doi.org/10.24198/mfarmasetika.v8i2.41779
https://doi.org/10.32814/jpms
https://doi.org/10.1007/s13346-022-01193-8
http://www.ncbi.nlm.nih.gov/pubmed/35831776
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9726673
https://doi.org/10.1016/j.jsps.2021.04.024
http://www.ncbi.nlm.nih.gov/pubmed/34194270
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8233540
https://doi.org/10.2147/DDDT.S356967
http://www.ncbi.nlm.nih.gov/pubmed/35637746
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9143795
https://doi.org/10.22159/ijcpr.2022v14i1.44113
https://doi.org/10.37311/jsscr
https://doi.org/10.31596/cjp.v4i2.106
https://doi.org/10.25077/jsfk.6.2.180-185.2019
https://doi.org/10.1002/cmdc.201200585
http://www.ncbi.nlm.nih.gov/pubmed/23361977
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3640829
https://doi.org/10.24843/itepa.2023
https://doi.org/10.22159/ijap.2018.v10s1.73


Z. Sapiun et al. 
Int J App Pharm, Vol 16, Issue 2, 2024, 255-263 

263 

drugs. Maj Farm. 2022;7(2):83-98. doi: 10.24198/ 
mfarmasetika.v7i2.37343. 

52. Pradana DA, Hayati F, Sukma D. Effect of honey pretreatment on 
the pharmacokinetics of rifampicin elimination in male wistar 
rats. J Ilm Farm. 2013;10(1):18-27. doi: 10.20885/jif. 

53. Nugrahaningsih W, Afanin SI. Pharmacokinetics of fig leaf 
extract flavonoids in rat blood plasma. Life Sci. 2022;11(2):192-
205. doi: 10.15294/lifesci.v11i2.64403. 

54. Kusumorini N, Nugroho AK, Pramono S, Martien R. Development 
of new isolation and quantification method of piperine from 
white pepper seeds (Piper nigrum L) using a validated HPLC. 
Indonesian J Pharm. 2021;32(2):158-65. doi: 10.22146/ijp.866. 

55. Mamuaja CF. Lipid A. Unsrat Press; 2017. 
56. Jackson E, Shoemaker R, Larian N, Cassis L. Adipose tissue as a site 

of toxin accumulation. Compr Physiol. 2017;7(4):1085-135. doi: 
10.1002/cphy.c160038. PMID 28915320, PMCID PMC6101675. 

57. Bhalani DV, Nutan B, Kumar A, Singh Chandel AK. Bioavailability 
enhancement techniques for poorly aqueous soluble drugs and 
therapeutics. Biomedicines. 2022;10(9). doi: 
10.3390/biomedicines10092055, PMID 36140156, PMCID 
PMC9495787. 

58.  Maganti L, Panebianco DL, Maes AL. Evaluation of methods 
for estimating time to steady state with examples from 
phase 1 studies. AAPS J. 2008;10(1):141-7. doi: 
10.1208/s12248-008-9014-y, PMID 18446514, PMCID 
PMC2751459. 

59. Nasution A. Extravascular POJMUPH. Farmakokinetika Klinis. 
2015:1-2. 

60. Quader MMA, Osman MA, El Maghraby GM. Intestinal absorption 
of eprosartan mesylate from the self-emulsifying system and 
cyclodextrin complex. Int J Pharm Pharm Sci. 2017;9(2):302-7. 
doi: 10.22159/ijpps.2017v9i2.16215. 

 

https://doi.org/10.24198/mfarmasetika
https://doi.org/10.24198/mfarmasetika
https://doi.org/10.20885/jif
https://doi.org/10.15294/lifesci
https://doi.org/10.22146/ijp.866
https://doi.org/10.1002/cphy.c160038
http://www.ncbi.nlm.nih.gov/pubmed/28915320
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6101675
https://doi.org/10.3390/biomedicines10092055
http://www.ncbi.nlm.nih.gov/pubmed/36140156
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9495787
https://doi.org/10.1208/s12248-008-9014-y
http://www.ncbi.nlm.nih.gov/pubmed/18446514
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2751459
https://doi.org/10.22159/ijpps.2017v9i2.16215

	INTRODUCTION
	MATERIALS AND METHODS
	RESULTS AND DISCUSSION
	CONCLUSION
	FUNDING
	AUTHORS CONTRIBUTIONS
	CONFLICT OF INTERESTS
	REFERENCES

