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[bookmark: _3znysh7]Abstract
[bookmark: _Hlk38623562]In this study, the phase behavior of medium-chain triglyceride (MCT)/surfactant/water containing gemcitabine (GEM) was investigated. Ternary phase diagrams (TPD) were constructed with different surfactants (Span 20, Span 60, Span 80, Tween 80) and a mixture of surfactant (Tween 80:Span 80, at ratio 1:1). Two observations were recorded, isotropic and multilayer regions. The isotropic region was classified as a transparent, translucent or homogeneous mixture, while the multilayer region was classified as an opaque, milky or heterogeneous mixture. From the ternary phase diagrams constructed, it showed that MCT/(Tween 80: Span 80, ratio 1:1)/ GEM in deionized water system gave the largest isotropic region with the minimum usage of mixed surfactant, where 25% area of the isotropic region was formed with 1% of the usage of surfactant. The composition of F1 (selection based on the ternary phase diagram) was 0.02 % w/w of GEM, 19.98 % w/w of deionized water, 5.00 % w/w of Tween 80:Span 80 at ratio 1:1 and 75 % w/w of MCT. Nanoemulsion formulation was prepared by low energy emulsification method (i.e. phase inversion composition (PIC) technique). As the formulation was prepared in large scale with PIC technique, sodium chloride solution (0.1 M NaCl solution) was added to form a stable formulation as stabilizer. Effect of different volume of NaCl solution (0.5, 1.0 and 1.5 mL) added into formulation was investigated. The results showed that the particle size increased as the amount of NaCl increased, the effect of the amount of NaCl solution is significant towards particles size on F1. The F1 was stable in normal storage condition as it remained a homogeneous formulation against centrifugation test and it was also stable in storage stability test at different temperature (4, 25 and 45 °C) within three months. 
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Abstrak
Dalam kajian ini, sifat fasa pada trigliserida rantaian sederhana (MCT)/surfaktan/air yang mengandungi GEM telah dikaji. Gambar rajah fasa ternari (TPD) telah dibina dengan surfaktan yang berbeza (Span 20, Span 60, Span 80, Tween 80) dan campuran surfaktan (Tween 80:Span 80, pada nisbah 1:1). Dua pemerhatian telah direkodkan, rantau isotropik dan pelbagai lapis. Rantau isotropik telah diklasifikasikan sebagai telus, lut atau campuran homogen, manakala rantau pelbagai lapisan telah diklasifikasikan sebagai legap, seperti susu atau campuran heterogen. Daripada gambar rajah fasa ternari yang telah dibina, ianya menunjukkan yang sistem MCT/(Tween 80: Span 80, pada nisbah 1:1)/ GEM dalam air ternyahion telah memberi rantau isotropik yang paling tinggi dengan penggunaan campuran surfaktan yang minimum, di mana 25% keluasan rantau isotropik telah terhasil dengan 1% penggunaan surfaktan. Komposisi F1 (pilihan berdasarkan pada gambar rajah fasa ternari) ialah 0.02% w/w daripada GEM, 19.98% w/w daripada air ternyahion, 5.00% w/w daripada Tween 80:Span 80, pada nisbah 1:1 dan 75% w/w daripada MCT. Formulasi nanoemulsi telah dihasilkan dengan pengemulsi yang rendah tenaga (fasa penyongsangan (PIC). Formulasi yang dihasilkan dalam skala yang besar dengan teknik PIC, natrium klorida (0.1M larutan NaCl) telah ditambah untuk menghasilkan formulasi yang stabil sebagai penstabil. Kesan tiga isipadu larutan NaCl yang berbeza (0.5, 1.0 dan 1.5 mL) telah ditambah dalam formulasi dan dikaji. Keputusan menunjukkan peningkatan saiz zarah apabila jumlah NaCl meningkat, jumlah larutan NaCl memberi kesan yang signifikan terhadap saiz zarah F1. F1 adalah stabil di dalam penyimpanan keadaan biasa apabila ianya kekal homogen ketika diuji dengan ujian emparan dan stabil dalam ujian penyimpanan  kestabilan pada suhu yang berbeza (4, 25 dan 45 °C) selama 3 bulan.

Kata kunci: gemcitabine, nanoemulsi, gambar rajah fasa ternari

Introduction
[bookmark: _2et92p0]Gemcitabine (GEM) is an anti-metabolite drug which consists of two fluorine atoms substituted at 2’ position of ribose ring [1, 2]. It is a hydrophilic drug due to the existence of a polar group (Fluorine, OH-group and NH2 group) in the compound [3]. The high dosage was needed to achieve a therapeutic concentration in vivo, as it was hard to transport into the cancer cell by cross plasma membrane passively [4, 5]. The behavior of GEM in MCT/surfactant/water system was studied by constructing ternary phase diagram.

The ternary phase diagram is a mixture of surfactant-water-oil in various compositions and forms a variety of complex phases [6]. The observations of the ternary phase diagram were visualized by naked eyes and had several classifications such as microemulsions, liquid crystal, emulsion, emollient gel or cream and bi-continues phase [7]. For this study, the observation of the ternary phase diagram was categorized in two regions (isotropic region, Li and multilayer region, M). The isotropic region was identified by their transparent appearance [8] and this region has a high probability of forming nanoemulsion [6, 9].

Nanoemulsion is a colloidal system with high kinetic stability, low viscosity, optical transparency, and range particle size of 20 nm to 200 nm [10, 11] This colloidal system can solubilize hydrophilic and lipophilic drug either in their aqueous phase or oil phase [12]. From previous studies, nanoemulsion has provided a high drug loading such as 5 mg/mL of budesonide and 0.05% of quercetin in nanoemulsion [13, 14]. In this study, the composition of nanoemulsion containing GEM was determined from the ternary phase diagrams. Then nanoemulsion was formulated by the low energy emulsification method namely Phase Inversion Composition (PIC) and the findings was characterized.

Materials and Methods
Materials
[bookmark: _tyjcwt]Gemcitabine (GEM, purity >90%) was purchased from Sigma-Aldrich (USA). Polysorbate 80 (Tween 80), sorbitan mono-laurate 80 (Span 80) and sodium chloride (NaCl, purity 99.5%) were purchased from Merck (USA). Methanol (95%) and acetonitrile (HPLC grade, 99%) were purchased from J.T. Baker Chemical (USA). Isopropyl myristic (IPM) was purchased from Ak Scientific (USA). Medium-chain triglyceride (MCT) was purchased from Gattefosse Sas (France). The deionized water (DI water, 18.3 MΩcm, Millipore) was prepared using Milli-Q filtration system, EMD Millipore (Billerica, MA, USA).

Solubility of GEM
[bookmark: _3dy6vkm]The solubility of GEM in deionized water, MCT and IPM were performed. The excess of GEM (10 mg) was dissolved in deionized water (0.5 mL) and centrifugated at 4000 rpm for 10 minutes. Then, the aqueous layer was injected to reserve phase high-performance liquid chromatography (RP-HPLC, Waters 1525, Waters Corporation, USA) which was equipped with a Phenomenex Luna C18 column (5µm, 250 x 4.6 mm, Phenomenex, USA) and UV-Vis detector (Waters 2489, Waters Corporation, USA) to measure the absorbance of GEM at a retention time of 3.5 minutes and wavelength of 269 nm. Then, the quantitative value of GEM dissolved in deionized water was determined based on the standard curve of known GEM with concentration range of 20 to 1000 µg/mL (R² = 0.9995). The mobile phase used for HPLC measurement were deionized water and acetonitrile (DI: ACN, 90:10) with a flow rate of 1 mL/min and ambient temperature.

The solubility of GEM in MCT was performed used stirring, heating and centrifugation method [15]. GEM (1 mg) was added in MCT (50 mL), stirred (10 minutes) and heating while stirring (10 minutes, 40 °C). The mixture was then centrifuged at 4000 rpm for 15 minutes and observed by naked eyes. These methods were repeated using different mass of GEM until GEM did not dissolve. Then, these methods were repeated by replacing MCT with IPM.

[bookmark: _1t3h5sf]The selection ratio of MCT: IPM
[bookmark: _4d34og8]MCT and IPM were mixed (at ratio 1:1, total volume 1 mL) and sonicated for 2 mins. GEM (0.9 mg) was added to the mixture. The mixture was sonicated (2 minutes) and stirred while heating (30 minutes, 40 °C). The mixture was then centrifuged at 4000 rpm for 15 minutes and observed as if there were any precipitation and change of color by naked eyes [33]. These methods were repeated using different ratio of MCT: IPM (9:1, 8:2 and 7:3).

Construction ternary phase diagram
[bookmark: _2s8eyo1]GEM (0.015 g) was dissolved in 14.985 g of deionized water. The Span 20 (with HLB value 8.60 respectively)  and GEM mixture (dissolved in deionized water) (0.1 %, w/w) were weighed at various ratios ranging from 0:100 to 100:0. The mixture with a total weight of 0.500 g was placed into a 10 mL screw-cap glass tube (total of 11 tubes) and was vortexed using a vortex mixer (VM-300, Gemmy Industrial CORP-Taiwan). The mixture was centrifuged at 4000 rpm using a Hettich centrifuge (Model EBA, Germany) for 15 minutes at room temperature. Medium-chain triglyceride (MCT) was then added into the eleven test tubes separately and were vortexed to homogenize. The samples were centrifuged at 4000 rpm for 15 minutes and then physically observed by the naked eyes to determine the physical phase appearance [16]. The transparent or translucent appearance sample was considered as isotropic region, Li, while milky until separation layers formed was considered as multilayer region, M.  The steps were repeated with the addition of 10, 20, 30, 40 until 90% w/w of MCT. 

These methods were repeated by replacing surfactants (Span 60, Span 80, Tween 80 with HLB values 4.70, 4.30 and 15.00 respectively) and the mixed surfactant (Tween 80: Span 80, at ratio 1:1 with the HLB values were 9.65 respectively). Tween 80 and Span 80 were mixed well before the construction of ternary phase diagram. 

Preparation of nanoemulsion containing gemcitabine
[bookmark: _17dp8vu]The low energy emulsification techniques were used to prepare nanoemulsion. GEM (0.002 g) was dissolved in deionized water (1.998 g) and 0.1 M NaCl solution (0.5 mL). The mixture was mixed with a mixed surfactant (Tween 80 and Span 80) at room temperature to form an aqueous phase. The oil phase was prepared by mixed MCT and IPM at a ratio of 9:1. Both phases were sonicated for 3 min at a medium level of sonification. The oil phase was added dropwise into a beaker containing an aqueous phase. The mixture was then homogenized at 391 rpm for 3 hours using an overhead stirrer (IKA@ RW 20 Digital, Nara, Japan). The mixture was then stirred by a magnetic stirrer for 1 hour while heated at 40 °C for 5 minutes, and this sample was labelled as F1a. These methods were repeated by replacing the volume of 0.1% NaCl solution (1.0 mL, 1.5 mL) and labelled as F1b and Flc.

Particle size and polydispersity index measurement
Zetasizer Nano ZS (Malvern Instrument Ltd., UK) was used to measure the particle size and polydispersity index (PDI) of the nanoemulsion at a temperature of 25 °C. A dynamic light scattering technique with the scattering angle of 173° was performed for measurement. The samples were diluted with MCT (1:500) and inserted into the sample cell. The intensity distribution was used for the measurement of the mean average (z-average) particle size. The measurement was repeated in triplicate.

Zeta potential measurement
Zetasizer Nano ZS (Malvern Instrument Ltd., UK) was used to measure the zeta potential of the nanoemulsion at a temperature of 25 °C. The calculation of their zeta potential was based on their electrophoretic mobility of dispersed particles in a charged field. The samples were diluted with MCT (1:500).  The zeta potential with values higher than + 30.00 mV or lower than ­ 30.00 mV improved the stability of nanoemulsion [17].

Stability study 
Centrifugation test was used to predict the shelf life under normal storage condition [18], it was performed by centrifuging the fresh sample at 4000 rpm for 15 minutes, and any physical changes were observed. Besides, the storage stability to observe the physical appearance of samples was done at three different temperature (4, 25 and 45 °C) within three months.

Results and Discussion
The solubility of GEM and the selected ratio of MCT: IPM
The maximum GEM dissolved in deionized water was 10.09 mg/mL, which is slightly higher from reported value [19]. GEM did not dissolve in MCT, this is because GEM is a hydrophilic compound which consists of fluorine, OH-group and NH2 group [3, 20].  GEM was dissolved at 0.20 mg/mL in IPM. Figure 1 shows the mixtures of MCT and IPM at ratio 1:1, 9:1 and 8:2 were performed where IPM acted as co-surfactant to dissolve GEM in MCT. Based on the result, ration 1:1, 9:1 and 8:2 were clear while 7:3 was cloudy and MCT:IPM with ratio 9:1 was selected to be used for constructing TPD. This is because it showed a clear mixture with less amount of IPM. The less amount of IPM used could decrease to the probability of irritation or allergy [21, 22]. Based on the solubility of GEM in deionized water, MCT and IPM, the amount of GEM used to construct TPD was 0.10 mg/mL of deionized water.

[image: ]

Figure 1. The physical appearance of the mixture ratio of MCT: IPM

Phase behavior of MCT/surfactants/ water system
Ternary phase diagrams were constructed based on different surfactant systems (Span 20, Span 60, Span 80 and Tween 80 and mixture surfactant (Tween 80: Span 80, 1:1) which were represented with different hydrophilic-lipophilic balance (HLB) values (8.60,4.70,4.30, 15.00 and 9.65 respectively). 

[bookmark: _3rdcrjn]Figure 2 indicates different surfactant system gives a different percentage area of isotropic regions. Span 20 formed 6% area of the isotropic region with 65% of the lowest usage of surfactant. Span 60 formed 2% area of the isotropic region with 72% of the lowest usage of surfactant. Span 80 formed 5% area of the isotropic region with 38% of the lowest usage of surfactant. Tween 80 formed 34% area of the isotropic region with 45% of the lowest usage of surfactant. While at ratio 1:1 of Tween 80: Span 80, 25% area of the isotropic region was formed with 1% of the lowest usage of surfactant. As HLB value of Span 20 is higher than Span 60, the isotropic region of Span 20 was higher than Span 60. This is due to their lipophilicity, as higher lipophilicity, they attribute to dissolve in oil (MCT) and vice versa. While for Tween 80, it had the highest isotropic region and dissolved in of GEM: water. This is due to having higher hydrophilicity, so it tends to dissolve in GEM: water. Ternary phase diagram of Tween 80: Span 80 at ratio 1:1 (Figure 2e) had the highest isotropic region among all of the samples with the lowest usage of surfactant to form it. This is due to the HLB of Tween 80: Span 80 at ratio 1:1 has higher lipophilicity compared to Span 20, Span 60 and Span 80, but lower hydrophilicity compared to Tween 80.

A point (F1) from ternary phase diagram of Tween 80: Span 80 at ratio 1:1 (Figure 2E) was selected for preparation and future studies as it is the highest amount of percentage area of isotropic region (25%) with the lowest amount of surfactant (1%). The F1 composition was used as it is in the isotropic region, which tends to obtain emulsion with nanoparticles size [6]. The higher use of surfactant could cause toxicity towards normal cell [23, 24]. Thus, lower amount of surfactant was used to prepare the nanoemulsions.
 
Physicochemical characterization of nanoemulsions
The composition of F1 shows separation as it was formulated in large scale (in double amount compared to during TPD studies). Thus, it was modified by adding 0.1 M NaCl solution as shown in Table 2. The reason of NaCl usage in large formulation scale is because it stabilizes the formulation as electrolytes decrease the attraction forces between the water droplets and the dielectric constant of aqueous phase which leads to a reduction of the collision frequency [25, 26]. The formulations show non separation condition after 0.1 M NaCl solution was added. The effect of different amount of NaCl solution (0.5 mL, 1.0 mL, 1.5 mL) towards particle size was investigated by adding different amount of NaCl during formulation. 

The results show the particle size increased when the amount of NaCl increased as shown in Table 2. These might be due to the increment in the amount of electrolyte, the increment of the refractive index of the water phase leading to the increment of particles size, as well as decreasing the refractive index difference between oil and water phases and dielectric constant of the aqueous phase [27, 28]. Besides, the addition of NaCl into the aqueous phase decreased the attractive force between water droplets [29, 30], in turn causing particle size increment. 
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[bookmark: _lnxbz9]Figure 2. The ternary phase diagrams of MCT/surfactant/water systems at different surfactant and mixed surfactant (a) Span 20 (b) Span 60 (c) Span 80 (d) Tween 80 (e) T80: S80 at ratio 1:1 where, Li = Isotropic region and M = Multilayer region.

[bookmark: _35nkun2][bookmark: _1ksv4uv]
The particles size of nanoemulsions, F1a (137.77 ± 3.82), F1b (180.53 ± 1.76) and F1c (426.37 ± 5.40) were measured, F1a and F1b were considered as nanoemulsion as they were below 200 nm. The polydispersity index shows F1a and F1b nanoemulsions were monodisperse system as the values were less than 0.2.  Based on Table 2, the zeta potential of F1a (- 36.40 mV), F1b (- 54.00 mV) and F1c (-37.80 mV) show stable nanoemulsions [16,31]. The negative value of zeta potential of samples is due to the presence of fatty acids and esters in the oil [32].

Table 2. Composition and characterization of nanoemulsions

	Sample Name
	Deionized Water, 
(%)
	GEM, 
(%)
	Tween 80: 
Span 80, 
(1:1, %)
	NaCl Solution, (mL)
	MCT: IPM 
(9:1, %)
	Size, 
(nm)
	PDI
	Zeta Potential, (mV)

	F1a
	19.98
	0.02
	5.0
	0.5
	75.0
	137.77 ± 3.82
	0.12
	[bookmark: _44sinio]-36.40

	F1b
	19.98
	0.02
	5.0
	1.0
	75.0
	180.53 ± 1.76
	0.42
	-54.00

	F1c
	19.98
	0.02
	5.0
	1.5
	75.0
	[bookmark: _2jxsxqh]426.37± 5.40
	0.31
	[bookmark: _z337ya]-37.80



Stability analysis
[bookmark: _3j2qqm3]The nanoemulsions had undergone centrifugation test for stability analysis to determine whether the nanoemulsion was stable under normal storage condition. The fresh nanoemulsions remained homogenous with no separation after being centrifuged at 4000 rpm for 15 minutes. The centrifugation is also known as accelerated ageing stability test where the nanoemulsions are subjected to gravitational stress and resistance as if there is any formation of cream or emulsion phase separation [34, 35]. The frequent collision between particles increases by centrifugal, which causes the decrease of colloidal stability [36]. As the nanoemulsion remained stable in centrifugation test which is the similar reported result of literature [3] for their accelerated stability analysis, it indicates the nanoemulsion is stable at the normal condition for up to 6 months [35].While for the storage stability test, it was done to determine their long-term stability by observing if there were any phase separation, sedimentation, flocculation, coalescence or creaming during storage [37]. Based on the results, the nanoemulsions mixture remained homogenous which indicates its stability for one day to 90 days against the temperature of 4, 25 and 45 °C, up to 3 months which are similar with the results reported [37] regarding their storage stability. Table 3 shows the observation of stability against centrifugation test and stability storage against different temperature (4, 25 and 45 °C). 

Table 3 : Physical stability of nanoemulsions

	Temperature (°C)
	Stability storage (days)

	
	F1a
	F1b
	F1c

	
	1
	7
	21
	30
	60
	90
	1
	7
	21
	30
	60
	90
	1
	7
	21
	30
	60
	90

	4
	√
	√
	√
	√
	√
	√
	√
	√
	√
	√
	√
	√
	√
	√
	√
	√
	√
	√

	25
	√
	√
	√
	√
	√
	√
	√
	√
	√
	√
	√
	√
	√
	√
	√
	√
	√
	√

	45
	√
	√
	√
	√
	√
	√
	√
	√
	√
	√
	√
	√
	√
	√
	√
	√
	√
	√

	Centrifugation test

	
	√
	√
	√



Conclusion
[bookmark: _1y810tw]The ternary phase diagrams showed that the formation of the isotropic liquid region depended on the hydrophilicity and lipophilicity of surfactant. As higher lipophilicity, they attribute to dissolve in oil (MCT) and higher hydrophilicity attribute to dissolve in aqueous solution. The presence of NaCl as an electrolyte also leads to better stability and increases the particles size. Thus, future research on cytotoxicity study, in-vitro and in-vivo study to determine cytotoxicity level towards healthy and abnormal cell and also the efficiency of GEM released to the required area should be conducted. Besides, the research towards various applications such as tropical, oral, injection or aerosol administration should be performed in order to be used in medical industry.
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