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Preparation of Peppermint Qil Moisturizing Microemulsion for Nasal Mucosa and Study on Its Mucosal
Adhesion and Cilia Toxicity

XUN Bona', BI Qingling”, XIE Yin', LI Ping', YANG Li', BI Xiaoping' (1. School of Pharmacy, Shanxi Medical
University, Taiyuan 030001, China; 2. Dept. of Otolaryngology, China-Japan Friendship Hospital, Beijing
100029, China)

ABSTRACT OBIECTIVE: To prepare the Peppermint oil moisturizing microemulsion for nasal mucosa and survey its mucosal
adhesion and cilia toxicity. METHODS: The polyoxyethylene hydrogenated castor oil was used as emulsifier to prepare the
Peppermint oil moisturizing microemulsion for nasal mucosa, and the preparation technology was optimized on the basis of

comprehensive score by orthogonal design. The microemulsion was characterized and the menthol content was determined by GC.
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The mucosal adhesion was evaluated by measuring the transport rate by cilia in vivo, and the cilia toxicity of microemulsion was

evaluated by measuring the sustained movement time of cilia in vitro. RESULTS: The optimal preparation technology of self-made

microemulsion was to firstly disperse the peppermint oil and the emulsifier, then add anhydrous ethanol, edible glycerin and

distilled water, and stir at 1 200 r/min for 2 h. The average contents of menthol in the three batches of the microemulsion were
2.682, 2.507 and 2.496 mg/mL (RSD=2.89% ,n=3), respectively. The cilia transport rates in vivo were (0.65+0.01), (0.78 £
0.03)and (0.92 + 0.04) cm/min in high-dose, medium-dose, and low-dose groups of self-made microemulsion (2.561, 0.256,

0.128 mg/mL of menthol) respectively, which were significantly lower than normal saline group and compound menthol nasal
droups (P<C0.05). The cilia movement time in vitro were (206.7 + 4.9) , (226.0 + 13.5) , (269.3 £ 12.9) min, which were
significantly longer than sodium deoxycholate group (P<<0.05). CONCLUSIONS: The preparation technology of self-made

microemulsion is easy-to-handle and controllable in quality. The prepared microemulsion shows good mucosal adhesion without cilia

toxicity.

KEYWORDS Peppermint oil; Nasal mucosa; Moisturizing; Microemulsion; Technology optimization; Adhesion; Cilia toxicity

VTAER, R S5 $E AT A, 25 Ui I B, N i R
S FEE WS ) 40T P B 0 O 455 PR 2R, AR T e | kS
SRR T4, L 2 i it I B TR R AR O G
PRI I R AE AR E T S A S AR B A —
EXRM, HHMRIEVS T T3 R SEBUR I8 AR I, 5
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Tab 1 Factors and levels of orthogonal design

[ %

K A,t/min B,h C

| 800 10 ik

2 1200 15 bik

3 1 600 20 cik
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Zeta A48 PDIR/)
N i L{a or ﬂiJ fii
Zeta L 248 B e KA PDIZE R

M /N

20+ TR/ IME 20

MR
L TR AR RS T M Fr AN K T 90 4B
ELBIEL T S FE THE A SRR 3
WAL 2,
£2 EXRBBHHESER(1=3)

Tab 2 Scheme and results of orthogonal design (n=3)

Ji% W TEME, T PHZeadli, THRZ, ‘3’/.;

A B C NTU PDI mV nm o
| 1 1 1 1.48 0.172 —11.56 18.68 824
2 1 2 2 1.56 0249 —8.62 1632 65.2
3 1 3 3 1.82 0.231 —10.14 14.48 66.9
4 2 1 2 1.66 0.226 —6.62 1452 604
5 2 2 3 1.58 0.154 —6.36 2830 70.5
6 2 3 1 1.28 0.162 =150 1578 98.5
7 3 1 3 1.60 0214 —=1120 1451 741
8 3 2 1 1.48 0.200 —8.36 1442 704
9 3 3 2 1.62 0214 =784 14.66 65.3

K 715 73 8.8
76.5 68.7 63.6
c 699 769 705
R 6.6 8.2 202

12 2 AT 1, 3AN R MY R C ik 5 28) > B
(SRR > A (BEFERE ) o 32 AT, 753 ik
(£ 1208 AuBC, BIR FH V5 ZL AR e 3 5 4 i,
PRI LA B ik 7 =X, F 1 200 t/min 56380 T Hi b
2 h,

233 TZRAFEE  # IR C2.3.27 0 F ik p il £ T
20 FA Tl A 3L AR IR AL (it : 20180720-1,20180720-
2.20180720- 3) , # IR Jy I 5 45 W48 45 5 iF AT 25
o AR IR 3,
#3 WIERKEER(n=3)
Tab 3 Results of validation test(rn=3)

o

e puswer e P Pzl PIRE f{;
20180720-1 KEFUE, BOAME 1412 0185  —1620 127 93
201807202 LEFUEE BOAME 1403 0.187 =159 121 954
20180720-3 LABMEE BOAME 1410 0.198  —15.00 1.28 915
RSD, % 034 368 398 045 278

H13 3 AT UL, $2 B OIEA 1 200 2 Ay 2 3 5 R
ML , AN R ] A REAR  PDI L Zeta HI 037 0 BE 4545 bR
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AR/, HERSD 4 0.34% ~3.98% (n=3) , 255 1F
3R 91.56~96.5, RMAL T Z2F0E Al 17,

24 WIAFERENSENE

2.4.1 AI%&M  @i%EE . TP-FFAP B 4145 1 (30 mx
0.32 mm, 0.25 pum) ; THEART - WA TR R 60 °C, fFF2
min, P4 20 °C/min %3 & F+ 2 100 °C, f4F 1 min, LA
12 °C/min [#38 B T+ 2 180 °C, A4 1 min; JEFE 1T B
250 °C 5 K75 « A B AL AG I 2% (FID) 5 48 I 75 1
J& 250 °C5 3 AR (4l :99.99% ) ; ik : 3 mL/min;
YRR 1 ul; a0 bE 10 1,

2.4.2 VEWEEIE OXF A TATR . A% BRI oy it
X B 73.20 mg, BT 20 mL R, RS R
BZEE FRAT BT R B R 3.660 mg/mlL ) 7R fif XS
BB . QWFRER . BUKIR LT 2.024 g, BT
20 mL Sff R R A AR O R R 2B $E 5T, BRI
HRE N 0.101 2 g/mL W INARIE I, 75 FH o M
T, KGR BCA WAL (150 20180729-1) 2 mL, A
TOKBRIREN 1.0 g, F257, 8  (B1% .50 W, J31% : 40 kHz)
AEFE 20 min, 50 C/KIA, 24 20 min 5K 43 2L B
2, h0 RS A%, LA 4 000 r/min 5.0 20 min, B E IS,
INNARES I K512 188 ) 100 pL, FHH EEE 4 2 3 mL,
PE5), 26045 pm GAFLUE B8, IUERUE W, A . @
PG B . R 5 RS FUCEL 2 mL, #5ARTT R O fit
AR T A B, A

24.3 RGUEHMEIRE K% R 2.4.27 500 Xt R
VR B SV TR A O BRIV TS S L K247
AR A e SR S TR 2, SRR,
TG T X R, W foy B0 S5 R T A 45 2 A iR B R
A3 A2 43 5 5 I 2 43 B0 2 TG T4 5 LA T Ay Pt
THERVE AR EC R 62 643 , T ar -5 AH 2 PR UG 43 B 5 -y
3.189 F1112.80.
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Fig2 GC chromatograms
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244 ZRMERFRFE R WIRGHAT BEXT R SV 75
150.225.300.,375.750 .1 125 uL, ¥IAE 250 A AR TR
50 uL, P43 HIRG % A HH 1 3751 300, 1 225 .1 150,
1075.,700,325 uL % 1.5 mL, $£57, 22 0.45 pum ffL 3 A
UEId USRI, #2.4. 1 R (i SRR E |, T SR
WA TR AR o LAY i 2 Jo 5 MR 32 (o) A e A Y0 i e 068 T
FUS INARIGE TR Z E () AR BRIEA T [l T, 153
TaF R[] 05 5 F2 K »=0.482 6x—0.018 1(+=0.999 5) , %%
SR, YAy A I T 2 VA FE AE 0.183~2.745 mg/mL i
FEl Py 5 FL TR N BRI TR 2 L 5 R AP IR R

245 ERMRSGKMREE KSR 2.4.27 50 X}
PO i, DL RER AL AR R, 04 2.4.17 300 B (k2%
PEEREINE 6 U, E SR A o M 50 bk 30 1B, 454G
DIBR A 0.048 8 mg/mL; {FME LR 10 1B, A€ it FR N
0.162 7 mg/mL,

246 KEEEIRE H24470 R b KRR E
(1.830.,0.915,0.366 mg/mL ) it 38 fu fi5 Xt B 5 75 0 4% 3
W, T H R B 3 AN E] A B R, %2 3 d
TRl — B 18] 5 43 S EURE , #4241 7 30T (033 2% 2 HERE
E SRR, 455, & b AR R YRE H R
RSD 434l 4 2.85% .2.21% . 1.34% (n=3) , H [A] X5 % i
RSD /3514 2.50% .2.96% .1.19% (n=3) .

247 FAEPEREE  BC2.4.27 W0 ANR AR (IS
20180729-1) & & , 43 HIFE = I FAE 0.0.5.1.2.4.6,
10,1224 h BSPBURE , 42242.4.17 500 F €635 2 4 dEREDN 22
O SR W AR, SE AT A 3K AL A R T ALY
RSD 4 2.99% (n=9) , 15 W] At 32 & ¥ V7 2 0 1 Tl i
24 h NREE R

248 HEEMERE  BCAHEL (S 20180729-1) &
i, L6y, #i2.4.27 U QM L B VR O VA T I
W, 2.4 N o AR UERE N S |, FEHebr o il 2 vk
AR S AT 3k 255 B b e B 1) o
I8 oh 2.535 mg/mL,RSD 4 2.25% (n=6) , Wi BHiZ )7
REGERLT

2.4.9  JmFE RIS R 2 R — AR (it S
20180729-1) By F 4L 1.0 mL, #%¢“2.4.27 3 F “@ itz
AR 5 N L A T A A B R A A S, 20 )
T P AR (120% . 100% 80 % ) Ff 8 fif B Xof AL
AR, I B E 25 2 3 mL, $B57, 28 0.45 pm flfLIE A
Uead USRI TR, #52.4. 1 0 i AR R |, i SR
T AN g o= )1 = 1 T 7% K1 = S T g
94.44% ~104.14% = [a] , -3 RE [\ Ui 2 7 98.73% ,
RSD 4 3.26% (n=9) , Ui, FH 1% J7 1 HE i v] 5, 45 21 L
x4,
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F4 EEKERELER(n=9)
Tab 4 Results of recovery tests(n=29)

B mg  WAEmg  WEEmg  MERERER % THMERE % RSD,%
25599 2.049 6 45471 96.96

25599 2049 6 45904 99.07

25599 2.049 6 45582 97.50

25599 25620 49795 94.44

25599 25620 52012 103.09 98.73 326
25599 25620 50176 95.93

25599 30744 5.6369 100.08

25599 30744 55541 97.39

25599 30744 5761 6 104.14

2410 FES TR E  BCSHE A B A (HS
20180729-1.,20180729-2.20180729-3 ) &1 1 , A 6 17y, ¥
“2.4.27 WU “QBERIE W IR, 4 2.4.17 50
T EFEAAF R E TR AR AL S . 2R, SHE A
TRl L PP 3k 9 5 S (LT AR ) 2050 2.682,2.507
2.496 mg/mL,RSD N 2.89% (n=3) , Uit B A il f FL K 5t
2.5 HFLITHERRFERR O FBTIEIR I

T R vh AR R i 30 L, BERIL A A AL BH R4
A AR LS b AR R, R 6 H . RIS iR
G A RN A ak B AR b, B
MR IS ARAL 2 T A BRER K, BRIV IR SRR T
ST W4 R S, R Gl L e R AR B A A R
i AR AL 25 A i L (LA Ay B3 2.561,0.256 ,0.128
mg/mL) , 25 Z5 KB R 0.5 mL, fi b B0 5¢ 4 4=
Beo 5 min 5, W20, B2 0.1~0.3 em KAY
PR TR S PR S BT ZR A R BRI L, LSS 2
TR LT BZAG W ER RS S A5 B0, AP RIC SR 2E
S E 1 em BT I [RIVE N £F AL N ), TR AT B
kgt oA A it ORI i iR = 214 21
A% i S 8 I R A 27 R A A 30 )1, 7 A A i 0
18 B X A A 3 B ) ) A2 3G T A P A S
T, 2ot 280 P i, LA S I B A [) 52 X0 ) 2 2R
PEZES AR5,
®5 ERFEEETENERNESEEEE(n=0)
Tab 5 Results of cilia transport time and rate of mu-

cosa in vivo of toad (n=06)

il AR s FEERES m/min SRS
Wil 5067153 1.18+0.04 1.00
M4 5233+1.53 1.15+0.03 097
ErizEnE 9167+1.53° 06540017 055"
FIRELT AR 773342527 078003 0.66"
AL IR R4l 6233£3.06" 09240.04" 0.78°

TSP AR, P<<0.05; 5 PHTEAL L4 - *P<<0.05
Note: vs. negative group, “P<<0.05; vs. positive group, “P<<0.05
M5 L, A L | b ARG i B AR X A4
T FSEBAYEL 9 0.55.0.66 ,0.78 18 , 22 F A Gi i
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SC(P<<0.05) 5 ELFA A, 0T 6 J5E 4 286 B 41 bz i (D
el i AR ) o LA R R L B e A, 22
S EA G X (P<0.05) . 1 FHPELL S BHEAL
B, ER G EE X (P>0.05), 45 0F%0, A il
T 285 P 1A (4 i P B () W A, ELA i ) R M el
P, ELAG 5275 A I 7 S T
2.6 WELITEMRAENF NG

R rh A Il 36 1L, AL BIPEZH (BRI
BEPELL AN A WL s R AR, e K fi IR
“2.67 TR “IRET WA E AR RE - 0 BRSO 58 A Bk
BB R R E R R 25 T 1% ARV , 30
min J& , FHAR PRER R R 258, IR AR B 70 B S5 iR
R 2Z [A] A 65 (3 mmx3 mm) , A= BEER /K Pk i e S %
Yy, BT ) b T B0 T B T R SR T R i 0.2
mL AEFRER K RS B, T 400 e B T
WML Bz s O, 10 % NG 24 R 4T B 5 iz s I F
ZL ], BRLF BRrLis st Al (PVD) 5 A4S 25 25411
PVD B LA B P41 PVD, 155 4F B HE S8 8 1 4 %
(PPV)! 1 TR 6,

x6 IERBEIFENPVDFIPPV(n=6)

Tab 6 Duration and percentage of cilia sustained

movement in vitro(n==06)

A5 PVD, min PPV, %
ezl 230.7£50° 100

FRE4L 2174166" 9.8
| 69.0£56 299
EhizEnie 2067449 89.6
HlBELT A R4 260£135° 98.0
AT R4 2693+ 129° 1168

e Skl e, *P<<0.05
Note: vs. toxicity group, “P<<0.05
H1 2 6 AT WL, 2520 19 PVD &% PPV i i 2R HEF 244

A il LA R e 2 > B2 > A sz v 7 4 > B
ML > A il L s R Al > B k4l . PPV K 5 PVD
FK, ZAR P X £F B3z 8 (1 G MR/, X 2T 6 gt
No SEEMEA R, HAKHAWPVDH BEEK, 5
YA Giit#7E X (P<<0.05) , Hvh A gzl e b AR
SR AR R B, A I, BN, F LB
FUR ) 2 4 2F 6 Bk fe /N BLOE T BRI 4 S BRI 4
B, F TS R i A e PRPELL R PVD 22 3 oG T
M X(P>0.05), WiEE T AL, sl BAR S 1
PN, HEGW AL, 280", FR AT, AR B, X
BERRLT BRI IR L LT B I M o2 52 B TG Ik, 4%
RS I YRR A B0 5 BHPELL AN A AL & R A 4T B
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