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Development of trans-cinnamaldehyde self-microemulsifying drug
delivery system(SMEDDS) with superior stability
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Department of Pharmaceutical Engineering,
Gyeongnam National University of Science and Technology
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Abstract This study was undertaken to develop a stable self-microemulsifying drug delivery system
(SMEDDS) for trans-cinnamaldehyde, a known antibacterial and antifungal agent. A simultaneous
analytical method was established for quantification of trans-cinnamaldehyde and its degradant,
cinnamic acid. Various surfactants were applied to assess their effect on the aqueous solubility of
trans-cinnamaldehyde, and pseudo-ternary phase diagrams were plotted. Of the various formulations
tested, the liquid SMEDDS composed of trans-cinnamaldehyde (oil), Cremophor EL (surfactant) and
Transcutol P (cosurfactant) at a volume ratio of 10/70/20, produced the smallest emulsion droplet size
(around 23 nm). The stability test determined the superior stability of the trans-cinnamaldehyde SMEDDS
with constant trans-cinnamaldehyde content and z-average diameter of emulsion, under accelerated and
heat stressed condition. Thus, we believe that this novel trans-cinnamaldehyde SMEDDS formulation has
the potential to be applied for the development of trans-cinnamaldehyde medicines in the

pharmaceutical industry.
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1. N2
Cinnamaldehyde= $IeFA], S5 9 34]o] AR

= AffY FEECE 5] 3 71 gloH &
728 2 FAEE 59 TARt FEshy /ol 4
A FfH oz 1 oFFe] High A7 Eds] XY
=1 QloH1]. AgATAdate] mEH An2EE A5t
o] AojA frans-cinnamaldehyde(TCA)7} X42] Al
9 AHOl chitin®t A-glucansd ATA a4
chitin synthase 1, 2, 33} 8-(1, 3)-glucan synthase
£ A=A 7 4L Uehdrhs 2-87]40]
gaA qlom, o= Jdt AlEet S Adfct= ot
FAAZE ke A BIAE & 5o B
RS = s QA P 71 < 71 ol=t
o & QlH2]. 8y TCAE HdE /3 IXAA=Z
Nste] ARESL7] YAl ol9] B4 g gt
formulation 97} HT=A] HQ35)c)
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Fig. 1. Structure of (a) trans-Cinnamaldehyde(TCA)
and (b) Cinnamic acid(CA)
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S oEHY] FAgo] 7FsSt oA formulation©]
o}, mebA TS BAW oA w2 HEHAS
AYE Y3719 odds AT 4 Qo] &84 &
£l gt Hoid 7Hesks 9 Auteart 945 A3
71 4= QioH7]. 59], Yol'@ - (nanoemulsion)
der& o2 200 nm ©JsH8], HFEsHAl= 100 nm
olete] AARA7E 7HA= Tt AEA APE Hol=
|olE, A7H8F o gAY A 719 22 B4
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3 PRIFA RS 7FsAdES F7ksks Aot
2. Mg W u
2.1 AleF gl 7|7]
2 AojA AREE TCA?F CAE: Sigma-

Aldrich(St. Louis, Mo, USA)AIOIA] FLufjsto] ARE-519
t}. Cremophor A25, Cremophor EL, Cremophor
RHG6O0, Labrafil M1944CS, Labrafil M2125CS2
BASF(Ludwigshafen, = Germany)ollAl ~ ¥glow,
Capryol 90, Capryol PGMC, transcutol P=
Gattefosse(Saint-Priest Cedex, France)ollA] G511
11, Span 80, Tween 80, Acetic acid ¥ Acetonitrile
(HPLC grade)2 A s}=Siheung, South Korea)ol
A FFafsto] ARE-SHSITE.

HPLC 4 AH]&= Agilent 1260 Infinity HPLC
system(Agilent Technologies, Santa Clara, CA,
USA)E AlHsI3 e, Chemstation software,
G1311C 1260 Quat Pump, G1314B 1260 VWD
detector®  ARESIGTE.  UV-Vis EFFTA+E
Shimadzu(Kyoto, Japan)Ate] UV-1800& AREsIA
of ogde A=) B2 Zetasizer Nano ZS
(Malvern Instruments, UK)E ©]83lo, T 635
nm 2 A 90°(25C) 2A0A &74stoH, ¥4
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TCAE 913t g%t A7tuA 3 FEHGA LS
7Herel7] Ysto] TCASF CA9] B4 AFFHE HPLC =
oA Ehe = L= B7E APsto] AW HAE
A1t TCASE A7 AU A & SAHES/GA
£ Pseudo-ternary phase diagram= ©]-835}o H]&
A ANEE AP & 715 E 7S RFIRA FY

g Mg AsIATHFig. 2).

Surfactant lity Test:
Screening: Stability Test:
lubili
le:\osdiso ' ol et (1) Accelerated
yer ﬂ condition
ili - 40°C, 75% RH
Estabilish a Pseudo-ternary
CA and TCA B
simultaneous phase diagram (@ ;e:;i ;tc:issed
analytical iI s
method using a
HPLC system Surfactant/ .
Co-surfactant 11,234 WEIEKS,
ratio selection Content & Size
Stable self-microemulsifying drug delivery system:
(1) TCA content 2 90%, CA content < 5%
(2) Droplet size < 100 nm

Fig. 2. Test plan.

2.3 HPLC &4
HPLC £4&
Tokyo, Japan) 4

#2 Hypersil ODS2(Shiseido,
mm [D. x 150 mm, 5 pm
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Acetonitrile, distilled water & acetic acid?} 20 :
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2.4 2ol A™

SMEDDS formulation?] 7R §J3t 229 24E
A4S flote] thgtt AHSGAE AHESHe] Sl Al
e Ptk Tl TCAYF 10 mg)E 10%(w/")
T84 AUTAA] 8N 1 ml7t EUE e-tubeo] ¥
EFES vortexer®E T T, 37C 9] A F24
(HeHsHEI=, LSB-045S, South Korea)ollA 347t
shakingdto] ESPAIZITE o] A1&2 10,000 golAl 10
2 3¢ ¥4 EF(Hanil Science Industrial Co.,
South Korea)dt 3 A&2 0.45 pm syringe filter
2 ojysto] Eai=A] 2 TCAE AASIHI]. ol
Al Foid SHE A7) HPLC B4 2A9] ol5Atoz &
A37] F4ste] 7oA AAH HPLC £ o8
Sto] EAJ5kgich

2.5 Pseudo—ternary phase diagrams
Pseudo-ternary phase diagram2 ©|-&3s}o] 7
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Ol BE Uge 33 wEste] Attt

2.6 SMEDDS HMZ % X327 &8

TCA, ARZA & FAHS/ZAY 3 JEol v &
HZ 3] Ho]=E vortexer2 $H3] TS 89
TERITh Magnetic bar7} 400 rpm&] £EZ 25T Y
BAIE ekl Sl EetATo] A7) LYol 2%
10%(v/v)7F HEE gol 1587 WHtAA EdS A
Zot9t. olgA wEojXl oEdY dAFT|=
Zetasizer Nano ZSE A8t 4ot L& AY
2 33] ®hESte] A5G
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3.1 24 =0l

Bang et al.[4]9] E49H-S 32510 TCASF CA
7t BAl A 7Hse HPLC £4%2AS S35kt
UV-Vis £3B=AE o83 SFAHEY ALY
E5Iiobdol A9 TCA7F 283 nm, CA9l AL
273 nm(data not shown) °©|17] W&o = A&
BA AFE 9% HPLCY 412 280 nmZ A
A3t

Cinnamic acid

frans-Cinnamaldehyde

T T
1 2

Fig. 3. HPLC chart of TCA and CA

TCA®t CAZF 2+ 10 pg/ml T8 HEAE o8
g 2443 TCAE 9F 5.3 min, CAE 9F 3.7 min9]
T ZAFA AT YR 0™ (Fig. 3), o]df TCA9] o]&
IR 10769, CA9] o] 24p 9696, F AH9] £
TE 9.2201%0tk o] Aihe BAY HHA] AlAE Hgt
A AFA 88k o]ET4= 2000 o) ¥ 2k 2
ol Hrt w2 oz HAH EMyoA F GETH]
HEso] 959 g = UTHIL 7] 5=
(0.3125, 0.625, 1.2, 2.5 ¥ 5 pg/mhe] TCA € CA
RENS ol 8e HFAY FARMAT AASE

a

A
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TCAS] A9 ‘TIHA = 220.73 x HE(ug/ml) - 0.24,
R* = 0.99990]%0H, CAS] 739 'H=wd = 172.31
x % (ug/ml) + 0.29, R? = 0.9999& & A& w=
A1/go] Fzatgirt.

3.2 Zali= Al

o] g2 o, edd} vjo|2g AWMgAY £
E-2 SEDDS(Self-emulsifying drug delivery system)
2 g Byt 504 A2 3/5H, o] A2
g wido] =EE S o 7HEA oW o/w B AU
FAT 4= UcH12]. &3] oY, AUIA € TAHEE
AA 2 749 SMEDDSE §3Te 5o &3tE of 2
THog nAdHoz {3 d £ e E4S AYL
Ao, & AFox= 23 4olA = TCAE Y42
& 5to] TCAY] #8ai=E =2 5 AU AULEAt
SAAEIAE 23 2d% S(Fig. 4) SMEDDSE A=
sb7] gt HPAR A4 Skt

Aol AREE ARE/A] FollA TCAY F83lles
7Fg &2l A2 Cremophor EL(HLB = 12 ~ 14) °|%
o, Cremophor A25, Cremophor RH60 ¥ Tween
807 FYHQl Aolg HolAe AUTHp < 0.05).
SMEDDSOIA ZAHE A 92 ARSZALL} &
SAEE Bl FEY e E FUHI7IAL, WS
AASEZA7E ool & B4E £ s Sho
SMEDDSY] #9444 ¥ HE8S S7HA = Zo&
A AcH13]. |8l A3y Ay FAUEIAR
FE Aol AWEEA F 7P 2P 2 A2
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Fig. 4. Solubility of TCA in 10% surfactant solution.
Each value represents the mean * S.D, (n=3)
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o TCAY &d= 7/FAaT7t £2 Cremophor A25,
Cremophor RH60 ¥ Tween 809 A9oe &2

HLB ZH®E5 10 o}4}) w&of TCAS] SMEDDS®] Hgt
THAHEEGAZ A™ekR]  IdoH14].  AAE

Cremophor EL ¥ Transcutol P= gWtdo=z A,
HIZAT 9 449 Qorge] RFARE Iy AME=
AR, 5 AEAY exemestane®] SMEDDS A
TH15] 5 ABATNA A5 ARLEAE HgE BFA|
ojct.

3.3 Pseudo—ternary phase diagrams

AHE AEEE ol8oto] tafdt 2| 2EYES
Azt A7ta3t EA4E SQte R gRIgh & oEd
o] FEE= ‘good FHL A2MoR T8 k2
‘bad FFL JAMog IJH3}o] pseudo-ternary
phase diagrame @A tHFig. 5)[9]. Phase
diagram @7-= HA| oA RA0N419] A AH
A2k AAEEAE Hole A= =y dEA 3l
TH16]. Fig. 5914 &RI &= qixo] &= AEES &
3 A= AWEAA Cremophor EL, FAHEAA]
Transcutol P @ TCAS] Tjget ZIEELS TCAS
30% 7HA ERetelEte A7t 7Rt wie W
A743E Goo] A== AL FJIT 5= AUSih owk
ARE/GA Q] & vl&ol 70%(v/ME EA %E Fol=
A7FEHE B3 vlA] ofddoe] At og FAEA] o
Ath. o= SMEDDSOIA #AHE ofd7do] 283t e
ARLAE 26| Zoto] AHEA £4=9 A
A D] ol FEEFE|A] & sto] WAYRE A0E Alm
HoH171.

trans-Cinnamaldehyde

Transcutol P
(Co-surfactant)

0
CremophorEL 10 20 30 40 50 60 70 80 90 100
(Surfactant)

5. Pseudo-ternary phase diagram of TCA
SMEDDS formulation.
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3.4 SMEDDS M= % Xt=27]

g ARA7|= At ek, dEHE S ¢
OFE & Ixgt wdol 7] wEe7] o g Al
Fold 7P Fagt Hrlea F shdolth. ¥4
pseudo-ternary phase diagram A|$g41= vjgoz
TCA 3 ol'gHdo] A7hadke= PE3t HlE&<l TCA
10% SMEDDS A& A £3t & z-Fat A2 271
E AHLEAY} SAULEAY vl wet F7gsto]
HOJtHFig. 6).
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trans-Cinnamaldehyde / Cremophor EL / Transcutol P (viv/v)
Fig. 6. Effect of the ratio of surfactant/co-surfactant
on the droplet size of TCA 10% emulsion.
Each value represents the mean * S.D, (n=3)

AFAT} TAHALAA] Transcutol PO H]E0] 10
~ 60%%] SMEDDS formulation®] 3% z-BE YA
9] 3717} 30 nm ©JotY] HioEAE FAH5t= A
Ik, vAl o'dHe] ot HA x]Fo] 50 nm ©]
SIQl A% 34 QAR JFFoll Q& P= It
Logddo® At 4= QloH16]. FARE AT A
FAY 70% o3l A FAE oddY A7 54
5] AR 100 nm oY NEHE FAoks 2= Y

21=
Bt ot dAde SAEZAAA=E A9
Transcutol P7} o2 e] Qefetd QPgag 271417

g™ A=A E FHAFAR Ao wETH18]. Al
HEIAIQ] Cremophor ELO| Gl 2E9] 49 old
A& BASHA Lottt BrkE XAE T -EHd Y=
717} 7V 2HA £4€ TCA 10%, Cremophor EL 70%
9 Transcutol 20% F3H[Ql 24EL ol8sto ¢
A AEES Aot
3.5 oPEd Al

2% XA= SMEDDS formulation(TCA
: 70

Cremophor EL Trasncutol P = 10
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15
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condition)ollA] 453+ Ad¥ste] Bkt ——— A
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z
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:; 96 I § T Size (d.nm)
E; " ?% 5 | -1 Fig. 8. Particle size distribution of TCA emulsion after
e Accclerated condition 2 [ 4 weeks stability test.
‘: — Heat stressed condition 5 y
g 1 )
PAPEETEE S A8 A5-E TCA ofEd A7H6]9] 4% 4T 4 10T
T R U L RSO RV E R R Ao o R
Time (Week) Time (Week)

Fig. 7. Stability result of SMEDDS formulation of TCA:
(a) TCA content; (b) CA content. Each value
represents the mean + S.D, (n=3)

ANEAT A7) FF 2380 E0%Ue TCAY
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TREHBZANA 4F T 98.6%2, F 7HEHAZAN
A 45 T 96.2%2 AP oLt T 2 BF 5% ol
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AP AT 717 B AAGE CAY e VMEETER
AA 453 0.68%, 7FEEIRANA 2.5%F U=
AUcHFig 7b). ol=gt A3 B TCAY T
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JA=Z71E H|W(Fig. 8ot BH, 7] MEY -B+
A2H47t PDI 742 72} 23.30 nmet 0.18701%12.H, 4
T P BEY - YA PDI -2 47 24.25
nm % 0.1542 FARE A2 Yepgth 3t & AE
L% PDI 3fo] 0.2 oJst& T4 Ae= R 37|71 o

YL B T 4 UAeHIL

o

ol

3l @

560

o A7re] wWstof| wt QA=A FUKeE Ao U
Sk 2=y 2 AYoA XE 479 TCA SMEDDS
formulation> 457t2] P AlES Sl olEAY
PA=Z7] el WSl HolA] gk A FRIF 4= 9l
Art. wEhA HE ARE A2 BaQhyido] 4%t
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2 dFE B9 5 48" TCAS SMEDDS
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Q1 AxIFE B3l ABito] ZHsste] ARt #i&
¥ ojyz}, Fd/do] fe57] wiof AR T f-50] &
ojg Aoz wmekdcrh F3 odAY YxF7|7} 30
nm O[5}= - v]Alsl7| wiizol| Fedat 22 TCA
9] tjeFet oFEAgdo] & UHE 4 Sle 5% dEA
GAAF 0 HrhET whEbA] AoRiRoA FF A%
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