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Preparation of Aprepitant Emulsion for Intravenous Injection 

ZHOU Wei, CHEN Fei, CHEN Ning, MAO Ke 

(School of Pharmaceutical, Jiangsu Provincial Institute of Materia Medica, Nanjing University ofTechnolog;i Nanjing 211816) 

ABSTRACT: The formulation of aprepitant emulsion for intravenous injection was optimized by single factor test 

and orthogonal design. The properties, such as appearance, particle size, t;; potential and stability of the product were 

investigated. The results showed that the type and amount of emulsifier as well as the amount of oleic acid had the greater 

effect on stability. The optimal formulation of aprepitant emulsion was as follows: aprepitant was 0.25 % , soybean oil was 

15 % , egg yolk lecithin E80 was 2.5 % and oleic acid was 0.125 % . The appearance of the product was ivory. The average 

particle size, PDI, centrifugal stability constant (Ke), t;; potential, pH value and drug content of the product before and 

after sterilization were (218.71±1.26) and (220.3±0.53)nm, 0.203±0.016 and 0.210±0.009, 0.21±0.01 and 0.34±0.01, 

(-37.8±0.2) and (-37.6±0.8) mV, 7.21±0.23 and 7.31±0.30, (101.03±0.89) % and (101.12±1.20) %, respectively. 
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* fj iiE !>.J 4m 1¥:J ¥§ M ft o 2 .3. l .iE 3C: W: it 
1 iSl. ft~ m ~ #.f: tN iA M-1 & !:!! ftl ~ ~ • , M ~ flffl ~ ~L :ffU i¥J ~ 7J 

UV-2450 ~ ~ ~H} ~ ft Ji i;J- ( El 7]s: Shimadzu 0 ::};] : 1 0.25 % , XRBB 15 % , m•,u~ (A) 2 % ~ 
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51cffl =f1.!Mffl7J<~) ~tt;/Jo¥Bl:Jffl (8.5 : 1.5) ~, 
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JEffiifU,t-J- 2 ml ~filicp, 121 ·cxlf 15 min, E!P1ijo 
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A/% Bl% Cl% DI % 
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2 2.5 0.125 0.2 1.5 

3 3 0.15 0.3 2.5 
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-~*fi~- ~*fi* ~· -~~1ifil~::J;J 
A2B2C 1DI' ep 10 ml %Ll:fi=iJ~f5lli1t~ff§' 0.25 g, i'EB 

■ 12.5 mg, 1s1!1YtdUPi=tMxiw;/JDAo ~~1itLl 
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~~~•:~*~~tt~!lt:7J~~s<JM7K~ffl 
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~L. i'ttP§ireP~1'JJ-1L 0.1 ml. ffl7K.ff¥ 10 ml, 

fr 600 nm ~ifflu{ij D0 , ~~lft~ 24 h §, ~TM~ 
0.1 ml, f1'iJ~;1jl1Jiij D, it~ K.o ~**aJL 50, 60, 

70 ~ 80 QCT'ittlffl-1L:fi:Ul¥J K. ffi*~lj::J;j 22.54±0.86 , 
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}H:?.lrun 218.63±0-3 t 218.70:l:0.20 

K, 0.33±0.0l 0.35±0.01 

~~•A~4: ••tt~~JJE~~;J(ffl*~ 
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!JLftP-tfWmio 
6 !O 15 

218.57±0.15 219.03±-0.35 219.50±0.20 

0.33±0.01 0.33±0,01 0.35±0.0l 

0.76) ~ (219.40±0.S0) nm, K,, ;l;i 0.21±0.01 ;f{J 0.21± 
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~ i~ lli )J /bar 
2 3 
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600 296.20±2,61 252.30±2.27 234.90±-0.20 

(0.282d:-O.OOS) (0.180±0,004) ( 0.202.t.0.003} 

500 298.60±2.17 253.87±0.06 233.63±-0.38 

(0.358±0.005) {0.210±0.004) (0.226±0.004) 

400 276.50±1.29 24 l.71 ±0.85 227.15±3.53 

(0.226±0.001) (0.!63±0.005) (0.203±0.008) 
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#1.T· 400 bar itf~:l:.t)JW, 5 Jj:, 'Jf,~#!!:1-f- 2 ml y:.fffi.41, 
121 ·c iWi lli ~ ~ Vf~ 15 min &P 1ij o }Yrfi 'ittl ~ x mwJ , 

Jff (J(J~½:JlfLf~, PDI, K,, s ~-uL pH~ 1 ~:I: ( lift 
5i-it%) :SH,J;l;J (218.71±1-26) :ff] (220.3±0.53)nm, 

0.203±0.016 fr:l 0.210±0.009, 0.21±0.0l tn 0.34±0.01, 

J$Jiffi:i'Xfi: 
4 s 6 7 

218.13±0.% 228.67¥1.68 

(0.207:1:0.003) {0.150±0.005) 
222.13±1.57 210.80:l:3.15 213.50±2.38 

{0.195±0.009) {0.157±0,012) (0.169±0.005) 
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~ •~tt~• *~xH~a~. m~%~~, *llim*~~•% 
~-Tiffi "2.4" :rg(F~fHtiJ:f#OO!fLJfUtExffiJ§ OO'tWi5L mtiiF¥1fr~•m~ 4o 
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:K~J8 220.3±0.53 0.210±0.009 

:¥:i'lffi.9!":fi'31-fl 219.1±0.95 0.205±0.008 
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·11, ,R ~*•A 8 o % B'cl ffrJ • ~§' ffiiJ ~ 00 nil M !JlL :ffH~ 
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@El=!~. ~~mA~t&~~-~tt; mi*-~~~ 
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80%~~~-~~E80o 
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K, ~~t'LlmV pH "fril: (f.>FJ,Kii % ) 

0.343±0.012 37.6±0.8 7.31±0.30 IO 1.12± 1.20 

0.333±0.015 -37.8±0.3 7.08±0.23 100.99±0.78 

0.347±0.025 -37.9±0.9 6.83±0.43 100. 14±0.04 

l'f'cl 1Ju A ri~:11ttJ□ 1L:1fU/m ~ vWt1, l'/,J ll1thri~:111Jf11L :1f!J ~ 

~@El=!~, ~~*fttt~S. -~--~~. ~B 
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Aprepitant (APT) is the first neurokinin-1 (NK-1) receptor antagonist approved by the United States Food and Drug 

Administration (FDA) in 2003 to be brought to the market, and it blocks the effects of substance P by binding with neurokinin-1 

(NK-1) receptors (primarily in existence in the central nervous system and its peripheries). Aprepitant (APT) is capable of 

crossing the blood-brain barrier and occupying neurokinin-1 (NK-1) receptors in the brain, and it possesses binding selectivity 

and high affinity with NK-1 receptors, but its affinities with neurokinin-2 (NK-2) and neurokinin-3 (NK-3) receptors are very low. 

In addition, the affinity of aprepitant (APT) to other drug targets used for treating chemotherapy-induced nausea, vomiting 

and other symptoms (e.g. dopamine receptors, 5-hydroxytryptamine (5-HT3) receptors) is also very low, and the antiemetic and 

anti-nausea effects of APT are better than those of other drugs. Clinical studies have indicated that APT is capable of 

effectively preventing acute chemotherapy-induced nausea and vomiting (CINV), and an outstanding advantage of APT is its 

ability to prevent vomiting during chemotherapy and delayed chemotherapy-induced nausea and vomiting (CINV}[1l. 

Pharmaceutical emulsions for intravenous injection are one of the hot spots among the studies on drug delivery systems 

(DDS)121. Pharmaceutical emulsions are advantageous in that they: increase the solubility of insoluble drugs and increase the 

drug-loading efficiency of injections; improve the stability of chemically unstable drugs; have the functions of sustained release 

and prolonged release; have obvious targetability; alleviate adverse drug reactions; and the preparation processes thereof are 

technically mature, product quality thereof is stable, and they are therefore suitable for industrial productionr31_ 

For some patients with vomiting, taking oral medication is prone to causing nausea and vomiting and this results in 

non-absorption and ineffective drug administrationHl. Given that the bioavailability of oral aprepitant (APT) is 60-65%!5i, it is 

contemplated that APT be prepared in the dosage form of intravenous injection so as to improve the therapeutic effects thereof. 

As aprepitant (APT) is not water-soluble, it must be prepared in the form of emulsion to ensure drug solubility. 

1. Instruments and Reagents 

UV-2450 Ultraviolet Spectrophotometer (Shimadzu Corporation, Japan); AH100D High-pressure Homogenizer (Seeker 

Industry Limited, Canada); Zetasizer Nano-ZS90 Laser Particle Size Analyzer (Malvern Panalytical Ltd., United Kingdom); 
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JEM-2010 Electron Microscope (JOEL Ltd ., Janpan). 

Aprepitant (APT) starting material (self-prepared according to literature referencel61, content 99.4%, Batch No. 20110812); 

soybean oil for injection (Guangzhou Hanfang Modern Chinese Medicine Research and Development Co., Ltd.); poloxamer 

188 (BASF SE, Germany); egg yolk phospholipid for injection E80, oleic acid for injection (Lipoid GmbH, Germany); glycerol 

(Sinopharm Chemical Reagent Co., Ltd .). 

2. Method and Results 

2.1 Preparation of Emulsion 

Suitable amounts of aprepitant (APT), egg yolk phospholipid and oleic acid were taken and added into soybean oil, an 

adequate amount of ethanol was added until the mixture was fully dissolved, the fluid was put in a water bath at a temperature 

of ?0°C and underwent decompression to remove ethanol by evaporation to obtain a substance in the clarified oil phase. 

While stirring was being performed (17,000 RPM), the aqueous phase preheated to ?0°C (water for injection; if the recipe 

contained poloxamer and glycerol, the substance would first be dissolved in water for injection) was slowly added into the oil 

phase (8.5: 1.5) to obtain a primary emulsion, homogenization was performed multiple times with the high-pressure 

homogenizer at a specific pressure, nitrogen-filled packaging was performed to pack into 2ml glass ampoules, sterilization was 

performed at 121 °C for 15 minutes to obtain the finished product. 

2.2 Quality Evaluation Indicators for Emulsion 

Appearance: Sizes and distribution of emulsion droplets were observed using the electron microscope. 

Particle size and Zeta (0 potential: The average particle size and Zeta (~) potential of the emulsion droplets were 

determined using the laser particle size analyzer (working temperature 25°C, water used as solvent), thereby evaluating the 

particle size distribution of emulsion and the electrical charge of emulsion droplets. 

Stability: The use of centrifugation for the evaluation of product stability is mentioned in literature referencel71. An 

adequate amount of emulsion was taken and placed in a centrifugal tube, and was subjected to centrifugation (at 1,000xg) for 

10 minutes, 0.1 ml of bottom liquid was taken and diluted with water to 10ml, and with water used as a blank the absorbance at 

600nm, D was measured. 0.1 ml of emulsion having not been centrifuged was taken and diluted using the same method, and 

the absorbance Do was then measured, the centrifugal stability constant (Ke) was computed using the following formula. The 

smaller the value of Ke, the more stable the emulsion. 
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Ke= [(Do - 0) ID] x 100% 

An adequate amount of emulsion was taken and put into a centrifugal tube, and was subjected to centrifugation (at 

1,800xg) for 1 hour, bottom liquid was taken and diluted with water to a certain multiple and underwent microscopic 

examination to check for crystallization and investigate any de-emulsification. 

2.3 Optimization of Emulsion Recipe 

2.3.1 Orthogonal Design 

Through pre-experimental and single factor analysis, it was primari ly determined that the emulsion recipe was: 

0.25% of APT, 15% of soybean oi l, 2-4% of egg yolk phospholipid (A), 0-0.2% of oleic acid (8), 0-0.5% of poloxamer (C) and 

0-3% of glycerol (0). Orthogonal design method was used to continue investigating the impacts of the factors A, 8, C and 0, 

and the factor levels were as shown in Table 1 below. The method mentioned in Section 2.1 was employed to prepare 

aprepitant (APT) emulsion, and the magnitudes of Ke in various groups were examined (experimental results kept by the 

Editorial Department). 

Table 1 - Factor Levels 
•>·•·•·•·•·•·•·•·•·•·• 

••·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·• 

1 2 0 0 0 

2 2.5 0.125 0.2 1.5 

3 3 0.15 0.3 2.5 

4 4 0.2 0.5 3 

Intuitive analysis and range analysis indicated that the optimal recipe composition should be A282C1D1, i.e. 10ml of 

preparation containing 0.25g of egg yolk phospholipid (A) and 12.5mg of oleic acid (8) without any poloxamer (C) or glycerol 

(0). The emulsion prepared following that recipe had a milky white appearance, and the emulsion rapidly slid off the wall of 

the bottle and did not stick to the wall. 

2.3.2 Single Factor Experiment 

Emulsification temperature: the oil phase and aqueous phase prepared according to the abovementioned optimized 

recipe were heated to 50°C, 60°C, 70°C and 80°C respectively, and were then thermally insulated and mixed to obtain a 

primary emulsion; immediately after cooling, 0.1 ml of primary emulsion was diluted with water to 10ml, and the absorbance at 

600nm, Do was measured; after being placed at ambient temperature for 24 hours, 0.1 ml of subnatant was taken and the 
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centrifugal stability constant {Ke) was computed using the same method. The results indicated that the Ke values of the 

emulsions prepared at 50°C, 60°C, 70°C and 80°C were 22.54±0.86, 17.74±0.40, 13.66±0.25 and 13.63±0.31 {n=3), 

respectively. It could be seen that the stabil ity of the primary emulsion increased along with temperature rise and when the 

temperature was above 70°C the change in the stability of the primary emulsion was inconspicuous, and that excessively high 

temperature might result in accelerated oxidation of egg yolk phospholipid and the oil phase, therefore 70°C was selected as 

the emulsification temperature. 

Emulsification time: the oil phase and aqueous phase prepared according to the optimized recipe were mixed al a 

temperature of 70°C, and stirring was performed for 1 min, 3min, 6min, 1 Omin and 15min respectively lo prepare primary 

emulsions. The primary emulsions obtained were placed at ambient temperature for 12 hours, eventually the primary 

emulsion having undergone 1 min of emulsification had the least visible stratification but the longest time of stabi lity. However, 

the emulsification time did not affect the stability and particle size of the eventual emulsion {see Table 2). Therefore 1 minute 

was selected as emulsification time. 

Table 2 - Impact of Emulsification Time on the Particle Size and Ke of the Eventual Emulsion (X ±S, n=3} 

II I 
IIIII 1 3 6 10 15 

Particle Size (nm) 218.63±0.31 218.70±0.20 218.57±0.15 219.03±0.35 219.50±0.20 

Ke 0.33±0.01 0.35±0.01 0.33±0.01 0.33±0.01 0.35±0.01 

Rate of addition of aqueous phase: the aqueous phase prepared according to the optimized recipe was added to 

the oil phase slowly or on a one-off basis, primary emulsion was prepared using the method mentioned in Section 2.1 and the 

emulsification time was 1 minute. The primary emulsion obtained was left alone for 12 hours, stratification of the primary 

emulsion was observed, and eventual emulsion was then prepared. Visual observation results indicated that stratification of 

the primary emulsion prepared using the one-off addition method was more conspicuous than that of the primary emulsion 

obtained by the slow addition method, but that did not affect the stability and particle size of the eventual emulsions, and the 

particle sizes of the eventual emulsions obtained using the one-off addition method and the slow addition method were 

219.07 ±0.76nm and 219.40±0.50nm respectively, and the Ke values thereof were 0.21±0.01 and 0.21±0.01 {n=3) respectively. 

Therefore, a selection was made whereby the aqueous phase was slowly added to the oil phase, during which stirring and 

shaking were performed. 
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Number of homogenization cycles and homogenization pressure: primary emulsions were prepared according to 

the abovementioned optimized recipe and techniques, homogenization was performed under homogenization pressure 

conditions of 300 bar, 400 bar, 500 bar, 600 bar and 700 bar respectively, and the particle sizes of the products obtained were 

as shown in Table 3. 

Table 3 - Impacts of Homogenization Pressure and Number of Homogenization Cycles on 
Average Particle Size and Polydispersity Index (POI) of Eventual Emulsion (x ±s, n=3) 

I 
1 2 3 4 5 6 7 

700 292.40±0.90 23907±059 23107±059 218.13±0.96 228.67±0.68 

(0 278±0 001) (0 219±0 002) (0185±003) (0207 ±0 003) (0150±0 005) 

600 296.20±2.61 252.30±2.27 234.90±0.20 222.13±1.57 210.80±3.15 213.50±2.38 

(0282±0 005) (0 180±0 004) (0202±0 005) (0 195±0 009) (0157±0012) (0169±0 005) 

500 298.60±217 253.87±0 06 233.63±0.38 236.57±0.85 216.80±0.85 229 03±0 90 218.63±0.67 

(0.358±0.005) (0.210±0.004) (0226±0.004) (0.181±0.003) (0.209±0.005) (0.091 ±0.008) (0.217±0.003) 

400 276.50± 1.29 241.71 ±0.85 227 .15±3.53 232.40± 1.23 218.71±1.26 223.97±1.95 

(0.226±0.001) (0.163±0.005) (0.203±0.008) (0.097±0.012) (0.203±0.016) (0.146±0.010) 

Note: (1) The figures in brackets and outside brackets are Polydispersity Indices (PDI) and average particle sizes (nm), respectively. 

The results revealed that when homogenization was performed five (5) times and above at 300 bar, the product 

particle size could only reach 249.4nm, which indicated that the homogenization pressure was inadequate. Considering the 

average particle size and POI results, it was determined that 400 bar and five (5) times be selected as the homogenization 

pressure and number of homogenization cycles respectively, and continuous homogenization was possible. 

2.4 Optimized Recipe and Processes of Aprepitant (APT) Emulsion for Intravenous Injection 

The optima! recipe and processes of APT emulsion for intravenous injection determined by means of orthogonal design 

and single factor experimeni were as follows: APT starting material (0.25%), egg yolk phospholipid (2.5%) and oleic acid 

(0.125%) were weighed and added with an adequate amount of ethanol to have the mixture dissolved, soybean oil (15%) was 

then added, ihe fluid was put in a water bath at a temperature of 70°C and underwent decompression to remove ethanol by 

evaporation to obtain a substance in the clarified oil phase. Water for injection preheated to 70°C was siowly added at a ratio 

of 1.5: 8.5, while stirring was performed (17,000 RPM) for 1 minute to obtain a primary emulsion, homogenization was 

performed five (5) times with the high-pressure homogenizer at a pressure of 400 bar, nitrogen-filled packaging was performed 

to pack into 2ml glass ampoules, sterilization was performed at 121 °C for 15 minutes to obtain the finished product. The 
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average particle sizes; polydispersity indices (POis); Ke values; Zeta (~) potentials; and APT contents (indicated in %) of the 

obtained product before and after sterilization were 218.71±1.26nm and 220.3±0.53nm; 0.203±0.016 and 0.210±0.009; 

0.21±0.01 and 0.34±0.01; -37.8±0.2mV and -37.6±0.8mV; 7.21±0.23 and 7.31±0.30; and 101.03±0.89% and 101.12±1.20% 

(n=3), respectively. The appearance and particle distribution were as shown in Figure 1 and Figure 2, resepctively. 

Figure 1 - Electron Microscopic Picture of Aprepitant {APT) Emulsion after Sterilization (x 250,000) 

2.5 Stability Analysis 

25 
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Particle Size (nml 

Figure 2 - Particle Distribution of Aprepitant (APT) Emulsion after Steriliztion 

The stability of the emulsion prepared under the conditions specified under Section 2.4 after sterilization and after 3 

months of storage after sterilization was analyzed. The results indicated that the product appearance had no significant 

change and was still milky white, and no stratification or de-emulsification was detected. The quality evaluation results were 

as shown in Figure 4. 

Table 4 - Optimized Recipe Quality Evaluation Results and Stability Analysis Results (x ±s, n=3) 
··•·•·•·•·•·•·•·•·•·••·•·•·•·•·•·•·•·•·•· 

After sterilization 220.3±0.53 0210±0 009 0.343±0.012 -37.6±0.8 7.31±0.30 101.12±1.20 

Stored at ambient temperature for 3 months 219.1±0.95 0205±0 008 0.333±0.015 37.8±0.3 7.08±0.23 100.99±0.78 

Refrigerated at 4~8°C for 3 months 219.2±0.889 0199±0 010 0.347±0.025 -37.9±0.9 6.83±0.43 10014±0 04 

3. Discussions 

3.1 Selection of Type of Phospholipid 

Stability of primary emulsions prepared using different phospholipids (soybean phospholipid, egg yolk phospholipid E80 
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and egg yolk phosphatidylcholines (EPCs)) and after 4 days of being left alone was analyzed. The results indicated that the 

primary emulsions prepared using soybean phospholipid and egg yolk phosphatidylcholines (EPCs) were stratified, and the 

emulsion made from the former turned yellow when being subjected to thermal sterilization; whereas the primary emulsion 

made from egg yolk phospholipid E80 was not stratified and its color remained unchanged when being subjected to thermal 

sterilization. In addition, the Zeta (i;) potentials of the emulsions made from egg yolk phosphatidylcholines (EPCs) were 

about -29mV and not conducive to the stability of the emulsions. 

There have been reports of comparison of emulsification effects and comprehensive quality indicators of 98%, 80% and 

30% phosphatidylcholine products, of which the results indicated that phosphatidylcholines of relatively high or relatively low 

purity are not conducive to the formation and stability of lipid emulsions and that lipid emulsions made from 80% 

phosphatidylcholine are the most stable; this phosphatidylcholine contains small amounts of acidic lipids and is capable of 

increasing the surface charges of the emulsion droplets and causing the emulsion to have better stability; the 

phosphatidylcholine (PPC) and phosphatidylethanolamine (PE) contents in further purified phospholipid products could be as 

high as 95%-100%, these phospholipids almost contain no acidic lipid, and after emulsification the surface charges of the 

emulsion particles and the stability decrease, hence they are not ideal emulsifying agentsl8l. Therefore, 80% egg yolk 

phospholipid E80 was chosen for the experiment. 

Phospholipids are often used as emulsifying agents but they play the role of solubilization in this recipe. Aprepitant 

(APT) is soluble in ethanol but not in water, and if during oil phase formulation only the prescribed amount of APT is mixed with 

the oil phase before the addition of ethanol for dissolution, after which decompression is performed to remove ethanol, the 

clarified oil phase will not be obtained and it is necessary to add phospholipid to be able to obtain the clarified oil phase, it can 

therefore be seen that egg yolk phospholipid has the effect of solubilization. 

3.2 Use of Oleic Acid 

As the lysophosphatide content in egg yolk phospholipids is relatively low and the emulsification effects on certain drugs 

are not good, oleic acid can serve as a co-emulsifier. The addition of oleic acid has the advantages of increasing the rigidity 

of emulsion membrane, increasing the surface charges of the emulsion, causing its dispersivity to be increased and reducing 

agglomeration, making it easier to obtain emulsion with smaller particle size, and increasing emulsion stability. The amount 

of oleic acid used is usually 2.5%-5% of that of phospholipid, and the optimal amount of oleic acid to be used is determined by 

screening of the recipe to be 5% of that of phospholipid . 
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3.3 Some Points for Attention in the Experiment 

When centrifugation was employed to determine emulsion stability, given that sample points would have great impact on 

the results, each time the sampling location was the extreme bottom of the centrifugal tube and concurrent operation was 

performed so as to prevent differences in sample points from impacting the results. 

As aprepitant (APT) is not water-soluble, once de-emulsification of the emulsion occurs, the drug would leak from the oil 

phase into the aqueous phase and cause crystallization. Therefore, the presence or absence of crystals can be used to 

determine whether de-emulsification takes place. 
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