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Study on prescription process of nanoemulsion of Perilla frutescens essential oil
and preliminary quality evaluation
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Abstract: Objective Using Perilla frutescens as a model drug, the nanoemulsion of Perilla frutescens essential oil (PFEO) were
prepared, and the formulation process research and preliminary quality evaluation were carried out. Methods The cosurfactants
were determined according to the amount of PFEO dissolved in various excipients. The HLB value method was used to preliminarily
screen surfactants suitable for oil-in-water (O/W) nanoemulsions, and the surfactants with dosage safety were further screened to
determine the composition of nanoemulsion formulations. By drawing a pseudo-ternary phase diagram, the nanoemulsion region
size, drug loading, water content, and conductivity, viscosity, particle size, distribution, and stability was comprehensively compared

to optimize the prescription. This study investigated the appearance, physicochemical properties (viscosity, pH value, conductivity,
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electrical conductivity, particle size, Zeta potential), stability, in vitro permeability properties and nasal mucosa irritation of the
nanoemulsion of PFEO. Results The final optimized nanoemulsion formulation was 14.3% PFEO-9.5% Transcutol P-19.1%
Labrasol-57.1% water. The nanoemulsion of PFEO prepared according to the optimized prescription was uniform, transparent, clear,
with good fluidity. The viscosity was (3.68 = 0.17) mPa-s, pH value was (6.18 = 0.03), the electrical conductivity was (109.61 £ 0.89)
uS/cm, the Zeta potential was (—7.08 £ 1.82) mV, and the particle size was (49.98 + 1.55) nm. The results of transmission electron
microscope experiment showed that, the droplets of PFEO nanoemulsion were spherical with the particle size within 100 nm. The
stability test results showed that the nanoemulsion of PFEO had centrifugal stability, dilution stability, long-term stability and
temperature stability. After storage at room temperature and unsealed for one month and six months, the percentage change of the
average perillaldehyde content of PFEO nanoemulsion and PFEO was 1.8% and 17.48%, respectively. The nasal mucosal irritation
test results showed that the PFEO nanoemulsion administration group had no significant difference from the blank saline group.
Conclusion The appearance and related physical and chemical properties of PFEO nanoemulsion prepared by optimized
prescription process meet the quality requirements of nanoemulsion, with drug stability, drug permeability and safety.

Key words: Perilla frutescens (L.) Britt.; essential oil; nanoemulsion; pseudo-ternary phase diagram; drug stability; quality

evaluation; irritability
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* 5716 LE X ]

Chinese Traditional and Herbal Drugs %5 513 5522 3§ 20205 11 A

(TEM), [ FEI A%]; TT-6D Franz ¥ #ujt, K
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LRI R By, Kb S ERE IR R
i, dHN 54.37%, &
2.2 £7E HPLC S2NEREFER
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(250 mm X 4.6 mm, 5 pm); FLSIAHA FEL-7K (80 :
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230 nm; HFFEE 10 pLe
222 NHEGVATREIS R 60.5 ng IR
ST A 10 mL ARG R, MBS,
BERZE, A, BHl LR EKRERN 605
pg/mL [P, 0.22 pm TlFLIEREIE I 5 B S8
R 7555 HE A
2.2.3  HEHASIEWH & REIRE 1 mL IR
% 100 mL AR R, MG EHEE, 75 30 min
J&, #E 10 min, AHFEEEAZE 100 mL, 0.22 pm
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Fig. 1 HPLC of perillaldehyde reference substance (A) and
PFEO (B)
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RSD Jy 1.79%, BRISET5RG i v 55 D5 e Jon B9k 2 N
(2039.52+36.47) pg/mL (n=6).
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231 HAHMTEE I SIS R R I,
BIREHAE NP AR RS T s — . I TR
MK AL, HEEW IR Mg, B Al
B EE D5RE VA KL BT A

232 BhEREVETERIRGRE D 5 Ik i KO8
1% 73 HI7E PEG 200. PEG 400. Transcutol P. Z.F#.
1,2-T9 1. T = FH B3R ThD v 1 7 P S A
HHL 6 mL S I5kEH, /A 3 mL FiR & Bl I
TR, BEIPERRRS), @M, FRRTNE R
T ARAE IR IE 559, T 8 000 r/min &5.0» 15 min,
WG B B0 2 TG PR 7 S VT, MR I 454K, 0.22 um
LRI f5 I BRI N BERE R, 4% “2.2.107
T 77 3 00 5 % 3 T ¥ A R AR ot v VR R DR R )
i, g o R ORGSR TR B KA R
1 25 F SR E D 58 D3RS it 44 2K 7L 1) B 3 TV
7. g5 RFH, LIRS MAE Transcutol P. PEG 200.
P =BE. PEG 400, 1,2-8 . LBEH G5
AN 2 503.56. 1611.88. 463.67+ 1 866.62. 844.30.
1 924.45 pg/mL. 7] W, K73EETE Transcutol P 1]
BRI, MAUKILMEZ R AEEE, Fifik
EYOSF 5% 75 R Wb 2 Ry 5K O IR VA R B R ORI
Transcutol P 4K L i Bh 2R 1136 14771

233 RMNEMEFIIERE  SCI0H] £ 0I5k 4l
KAAKEME (O/W) 9KAL, 19 RAEKE
W°F#5{8 Chydrophile-lipophile balance, HLB) %
W0 0 306 2R TH0 s PR, H T R I A K R v Y
(O/W) GKFLIMR S ER ) HLB {8 8~18,
A A) 25 3 HOE 1L L[S -80 . Labrasol s VS VO i 407
CEL. RH40 NRHIEHERIFEN R . oAb, 99K
MRS TFEF AR EMER, IERAE, MK
ANREEVEFIM A &, DRI A S 00 07 128 BE 18 T2 4
KAH B & D RINEMEFIHE (MSmin) KR
PEFR Sk A 58 TR i B R T 1 A T
e 10 2 VRS I45), BAE SR TORS i 5 B R T i 1 R VR
G R PBHE I FR & R MEER], B R
5], HL 0.1 mL FfE 100 fi5, WS/ KR ERRE
MEGEIERPRAS, JFIERAS, 10T AN K LT
i B R T VEFI) MSmin,  THREL & RS 17 7E TR
HRRPFRTE I RES Y, R (R 1D KPR
ST R I3RS T 49 K FL 1Y) Labrasol. RH40 [ MSmin

F1 REVEMFIN RIS

Table 1 Results of surfactant screening experiments

FE P PR Fifz/mm
THIE VDU 407 T ANBETE K
1L ALE-80 M ANBETE K
Labrasol G 121.2+1.26
CEL M ANBETE K
RH40 G 198.3+2.11

SRR G R R E S BN 14.28% .
21.25%. LA MSmin NHELEXT R, Labrasol ] MSmin
TETE R GKFLR R R BTN LBl /s, PRLITEY)
S5 R R TH TS 77 5 Labrasol i\ & & /b B AT /2
FRANKR AN R, AR IR RBEW B A BT I 2 4
PR R 4 R Bk 25 &, T HIE BRI Gk IR 2 ),
FFEgR I T & T 28R, [RULH @ gk AR
14554 Labrasol.
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1212010 301 IRERTEMER (GRS
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AR TR S Smix 20 4% 129,228,317, 4
6. 5:5.6:4, 7:3.8:2,9:1 [FELEIE
G, WAOBHEHRS); EERNFZET, HRAKR
HHIZTINK, BEHERHRS]; LSRR AR R BB
A R ok B ER VAR S B T AT . R
TEPER . BhFRENSMER . AMAIEE], KA Origin
2017 pro B AFL Oy —JuAH B, i e 9K FLIX
2.3.5 RALGUEKILAE T e TRIE AN KL X
KW =oAL, BE AR TTH) K 1H,
TE1% K MBI = JCAH BRI R R5 IR 5
ANPURFLIAETT BT AT IR T 3 4
I3 BRI EL) 5 ANGEKFLAE T I HL 5 R B
KR U RS e T SR & B R G . N TR &9
KA AMEER, WY&, tmiEdE,
A ZRRFERERAGR AL T, E 2 B
N, EHREW, h=JCHEF Knfd 0.5, 1.0, 2.0
YKL SRR (BB X A XD 238 niE
B, K fHH 2.0 3003 3.0 44K 7L X IR 208/ i
B, = JeAHE T Kn=2.0 I A9 K 2L X 2k i A7 5%
K, WO e AR LA T7 1 Ko iE N 2.0, BRI
T PR Bh AR IE TR = LB R 2.0 0125 i
K 4 2 WO =Jo M BRI S 5 M 77, R
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Fig. 2 Analysis results of pseudo-ternary phase diagrams of prescription nanoemulsions with different K values

2 ERATAEL, YIBIHIE RS T K I 3R
FEEAIT: FREMEHRAERRY, BT HKILIN
B3 MHE A5 1~3 B TT 4 9K AL ETRAZ L
N, BERANTT 4 WIRREMERE 1~3 Wb ES; b5 S
JWE 3 A H G RIEMIAR, WKL R L5
O, PRI @R, Ry 5 e
PR ZE . SRR, ZREERPKRAN RN,
HIRCC R . ISR S T AR, W
ERAAETT AT 1, BI 14.3%%E 75K 1H1-9.5%

%2

Transcutol P-19.0% Labrasol-57.1%7K .

2.3.6 RIFEHAKILSIE T2 AR 2 g R
0757 Labrasol, 1 g BhRIHIVE 1477 Transcutol P
(A4 75 LB 19.1% Labrasol A1 9.5% Transcutol
P), WiIIWFHRS), FIRAIERZFIEWHMA 1.5 ¢
IR (RACAETT EEBI ) 14.3% 5895 k5 D, k7
TR S), FARIRA A R g I AL A A 77 e 5]
ZEMK 6 g CHRALALTT ELts] 57.1% M Z5087K), 1
TR, BERIEHRI—. EH. e, mshtt

AFHRSE., FE. NEURREMNERER (X£s5,n=3)

Table 2 Investigation results of conductivity, viscosity, particle size and stability of prescription (x £ s, n =3)

RT7 (I -Smix-7K) 52 /(uS-cm™) % /% /(mPa-s) 4% /nm E 3 AH FeetE) MR /nm
1(143 :28.6:57.1) 112.83£0.63 3.7940.50 50.28+£1.56 51.67£1.02
2(11.8:29.4 :58.8) 127.03+0.60 3.654+0.26 65.42+1.84 67.11£1.30
3(10 : 30 : 60) 123.1940.58 3.1140.09 97.85+1.51 99.28+1.48
4(9.3:349 :558) 130.7940.35 2.51£0.07 92.37+1.44 96.43+£0.95
5(6:362:57.8) 135.91+0.60 2.61+0.01 12021 +£1.62 VEM (Ri2 KT 100 nm)
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LFRIKEL, BRI ANKIL, AT 3 4t
RGN K L o
24 EKHERAKRAIINRESHEHREBLMER
 SLARA AL T 1] £ (1) 25 TR T A K FL IR WL BT
&, MERE. pHE. HFE, Zeta AL DL
I3 ARABRACALT7 1) 2% (1) 55 TRk i g K FL IR 7 U
¥l—. EW. wE (E 3, msERE, FEN
(3.684+0.17) mPa's (n=3); pH N 6.18%£0.03
(n=3), HSFEN (109.61+0.89) uS/cm (n=3),
Zeta HIAZH (—27.08+1.82) mV (n=3); £k
KL RN (49.98+1.55) nm (n=3),
Z B EE (PDD N 0.200+0.011 (n=3), FIE
oAt

B3 ETAEHARIAIINRE

Fig.3 Appearance quality of PFEO nanoemulsion
2.5 ETHERARILBIIPRRTS

KJH TEM X T 0K AL B S HEAT WL 52
L TREMAAK FLEEAT Y Cuth) o K30 SRR IR
U= A = O P L B R 1 Y N
uL, EZREET, PRI 2%BEES R 5 L i, RN
T, FEARE Z RIEAE, BT TEM TUEf
. 5 nE 4 froR, TEM ARG R TR, KI5
R KL FLRONERIE, ML, RiAe KN
100 nm

B4 ZTHEHRPARIHIIRRTS
Fig. 4 Morphology of PFEO nanoemulsion

2.6 EHEHMKANIRESER

2,61 HOREN CKEITREMASKIAE 8 000
r/min BIFEE N 20 20 min, SELE O G HAMNLE B
2N, BOEPRARENZ. SRR, LI
RS AR I DR VRIS EY, K AEn 2. B
FLIG .

2,62 FRAREME BEIIRIMAKRILE AR
100, 200+ 1000 fi5 I LLBIFEREfE, ARG R 72
%, KRWPYPLKILEA R iaett.

2,63 KWIREME HUETRMPORIAE H T H
afi, FHERCE 6 M, aBIE 1L 3. 6 1M H
JE SR AR AR Bl R 3 AT 0L, TR
MK A =R T RICE 1. 3. 6 MHMSN
B RARYRFERLF, KRAAE. HARSR, H
I R TG T K FL B KRR e

FT3 KHIREMER (¥xts,n=3)

Table 3 Long-term storage stability inspection (x £ s,n=3)

TBAFI a)/ S Hi42/nm
1 BIEEW. R EUABEA 51.38%1.73
3 BIEEW. RIDEUAREA 52.67£2.39

6 BIEEW. RIDEUABEA 55.92+£2.81

2,64 RERGENE KEIRMACKILE TE A
SR, F 4. 25, 37 CAFNREZRMGETHE, W
SRR ARG . HER 4 AT, B I5R
HAKILE THE ALY, T 4. 25, 37 CAFIR
A N A AL RS R R, R
ES HAIE, FULE TSR A2 A R
JETE

#z4 BEREMERE (Xts5,n=3)
Table 4 Investigation of temperature stability (x £ s, n=23)
IR/ C LN
4 HEHEW RIIYR AT, 56.4143.15
25 HEHEW RIIYR PR, 52.2742.43
37 BEW RIIYE CARRFL 57.5143.46

27 RTBHARILSETFTRMNEAESER
EMELE

I3 K SR TF R 9K L 5 TR I TR R
, THRBREEKXETHE 6 MH, f£1.6
NHNE LTS & % “2.2.37 BUTER &4
AL 0.22 um RFLIE B DE T 5 AU DR, 4%
“2.2.17 WIS AERERE, I R TRREE

48 /mm
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WA RN, HiRARE I FA A 1A
HERIRE MK L R D5 i 2k B2 (770.05+
29.22) pg/mL (n=3), f#ifF 6 I H IR i Sk T
(755.93+29.59) pg/mL (n=3), LHEESE TR
1.8%: fi#ife 1 AN H SRR il b 28 00 B Bk A
(2042.67%£53.18) ug/mL (n=3), it1E 6 N H &I
BRI N (1 685.67+48.99) pg/mL (n=3),
LIRS T TR 17.48% . DR 48 F5A% T 44 oK FLAH X
TR IR B B M AR e 1 .
2.8 HIMNBEMEER

HUA —REERTRE I AKIL S 2 mL, “FAT 5 4,
SHIINN Franz 480, B@EBONENTL, FEEY
—, PECERA RS BN 1.77 om?, HIER
RFY 12 mL, 85N PBS 2l 132 C.
200 r/min SE5%, 4370F 1. 2. 4. 64 8. 105 12 h
WL 1 mL B2WO, [RI fE BRI =4I 1 mL PBS 2%
T PR 1 mL W0 0.22 pum FFLUEIE SRS
B A8, S8 “2.2.107 TR 53, e B
TRPR A L ) &, R R IR T g oK AL AR Ak
BiE g, WG IS H, B AR
ERBER (Q) NAINSIES) 1 F SRR BE
R () 13,

0n=CulA

Js=CulA

Co=CuitVolV Z‘i Cps

i=l1

O WL BREBE R, 00y ¢ WAL RS E &,
AR BRI, v BRI SRR, Vo 9 REIEURE IR,
Coi N t T2 () SCI R BIKE, oo 9 ¢ IR 259 0 S
JRARIRIE, Co g ¢ IR I 26490 ) o 1 5% BRI

W 5 s, WANEES) 1% 24 J,(6~12 h)
N (259.67+15.57) pg/(cm?>h), 12 h BA7HIAR E2FH
BiEE QN (7260.74+380.78) pg/em?, AILLE
o, RIS ANK LB A AYIBIEE

s NN

AN R
b i riELp S

'
7- ) L1
. : )
T 54
& t
2 ,
O:) 3 L
]
l_
0 2 4 6 8 0 12

t/h
B 5 SIEmamKI doNSIER h R

Fig. 5 Permeability kinetics curve of PFEO nanoemulsion
2.9 SREFAERIMMEEE

KM SD KRR 12 K, MErES, BENL 4L, 7
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