REME SRR &5EMNM

ZEL', B, Feed', mAEL, RWA, TEH, FAZT, KB (1 megsp B2 b2k
HOREZ TP A, 15 3300065 2. 175 e 252 i Bk 4 L HERF 52 e L TR RIBT 25 MIEAE b L) L 4 ) 330006)

WEBH SRRSO ESYRENGAT 58 &L, 5t L # AT 0 . FiE 2 & & EA-B-Z M4 (hydroxypropyl-B-cyclo-
dextrin, HP-8-CD) % 6L-&-#4 4t , F ik 48-940 4 J i ) & 52 i 6L &2 Bk, FF *F HL sk (pH 1A 46 i B ARAE 4%&%\;,.%
FHR AR AR A AR RATIRN ., BR RABIARF ABEA Y ER A LF FBEEF L
7‘hﬂﬁiliéﬁ+@ﬂ‘/ﬁﬂi'pH {5 % (5.48 £0.01), Z6 5 4 (46.78 £0.18) Pa - s, 122 & £ & 24.36.48 h 5 4 3 #
(96.69 £0.75) % . (95.84 £0.44)% . (94.12 £0.89) % ;i &K 5 MR RAF; 48 2 X3 & W 5 Fub B R B E 3 B4R A
FEHERZ T, RAMWBRENEHTERNHRE LKA KR A AN AWMAAR , & X ENHHAFXMEAAITE £
EF95% AL, & AKRAITE FL D) 80% A L A Mg A KR X B A U, £ Bk B U D1 8 AR R O | T R MR BUOEORL L
FoREGWAEYHFRR L, ER HFTEHNELAMOSWBRKGILMRTIT. S THRME, ESZB AN LDBART LA —
e M EF B AR, A R ik.ytbéélv""‘*"lﬂkﬂ'tﬁ)ﬂi%i'f B I mh
KB : B R ARG A B RS 940
doi: 10. 11669/ cpj. 2024. 18. 008 ¢l§l5},e1;;R944 XHEFRERG A E4E 1001 —2494(2024)18 - 1725 - 10

Preparation and Evaluation of Ozone Oil Inclusion Compound Gel

WU Yuhuan', PENG Ying', LEI Xiaomeng', WEI Xinhua', ZHANG Guansheng', WANG Tangxun', LI Dongx-

n'’ , ZHANG Guosong' 2 (1. National Engineering Research Center of Chinese Medicine Solid Preparation Manufacturing Tech-
nology, Jiangxi University of Chinese Medicine, Nanchang 330006, China; 2. Integrated Chinese and Western Medicine Institute for
Children Health & Drug Innovation, Jiangxi University of Chinese Medicine, Nanchang 330006, China)

ABSTRACT: OBJECTIVE To study and evaluate the formulation and preparation process of ozone oil inclusion compound gel.
METHODS Hydroxypropyl- B-cyclodextrin ( HP-8-CD) was the inclusion material and Carbome-940 was the matrix to prepare the
ozone oil inclusion compound gel, and its appearance, pH value, viscosity, peroxide value, moisture retention rate, rheological proper-
ties, stability, bacteriostatic performance and biological safety were evaluated. RESULTS Finally, the semi solid gel with clear appear-
ance, no particle feeling, uniform, fine, shiny, moderate viscosity and no greasy property was obtained. The pH value was
(5.48 £0.01) , the viscosity was (46.78 £0. 18) Pa - s, and the moisture retention rates were (96.69 £0.75)% , (95.84 +0.44)% ,
and (94.12 +0.89) % after 24, 36, and 48 hours of storage, respectively, with good rheological properties. The stability test showed
that ozone oil gel should not be stored at high temperature. The bacteriostatic results showed that the ozone oil gel had bacteriostatic
effects on Staphylococcus aureus, Candida albicans and Escherichia coli. The bacteriostatic rate of Staphylococcus aureus and Escherichia
coli reached more than 95% , and the bacteriostatic rate of Candida albicans reached more than 80% . The biosafety evaluation test
showed that the ozone oil gel had no vaginal mucosa irritation, skin sensitization and acute systemic toxicity. CONCLUSION  The
process of preparing ozone oil inclusion compound gel by this method is simple, feasible and easy to operate. It has certain promotion val-
ue and application prospect in drugs and cosmetics, which lays an experimental foundation for further industrial application of ozone oil.

KEY WORDS:: ozone oil; hydroxypropyl-B-cyclodextrin; inclusion compound; gel; carbomer 940
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2 FEEHER

2.1 BEHERNH &

2.1.1  REWmmAewmmH & A
HP-B-CDJ5i & [ 1: 10, FRIL HP-B-CD 10 g, il AJE/K
CWEA0 mL, B E R G Ay 45 CHEPEEiF,
il 8 HP- B-CD Jo/K S i FRIBUR S 1 g, il
A3 mL Jo/K SER R, i B AE I TC K S W
it J 4 5L 4RI JE K B TR 2 18 s i 30 fin A %)
HP- 3-CD Jo/K LB ks 4 1.5 b, [mliJe
IK G, T, P38 A TR I 2 O 45T 3 R
ABEAaY. AT HHREHOEY ™R
(96.55 +0.68) % ,ZEHR L 1,

R1 REBALMHEETF
Tab. 1

Inclusion yield of ozone oil inclusion compound

Serial Number Inclusion yield/% RSD/ %

1 96. 64 0.71
2 95.82
3 97.18

R2 REABIAMEHMLER

Tab.2 Determination results of ozone oil peroxide value

WEWER(%) =AY SPRRE/ (LA

AT R + HP-B-CD FI# AT RE) x 100%
A1)

2.1.2  SEEARMERIE S A A A
SE AL PEAY ST S PR T B bR, I
i 4R Al fE B, TR P RS, & B GB
5009. 2272016 5zt 4 A H9 I 5 BSR4 AL
IR T o R i AR, 1 A 0 (2)
g

X=(V-=V,) xex0.126 9/M x100  A5L(2)

X Ay E A (g + 100 g7') se A BARER
TR BB VA YL VR B2, B mol + L1 5 V R
FEBLAC AR 03 < W AR B (mL) 5V, o 25 (K 3
W R A 1 B R 4900 AR PR AR (L) 5 M R
fl i (g) 50. 126 9 5 1. 00 mL i {0 57 B2 44
b 7 5 V[ ¢(Na,S,0,) =1.000 mol - L™"]
R4 1 B R R 5 100 S e R B, W b R
n#E2,

Serial Number Amount Consumption volume of Na,S,05 standard solution/mL Peroxide value/g + 100 g ~! Mean value/g - 100 g=!  RSD/%
1 2.010 1 124.8 7.88 7.98 1.50
2 2.003 9 128.1 8.11
3 2.003 1 125.3 7.94

AL Wi A Y R <R PR E 22 A il
BEVEVR HE TR G 1 g, Inid = k-
KRR G W (2:3) 75 AL B 40 min, #2 I8~ 5

RI RABEAYIAMEHNIER

A A A A T I T R I L A, SR
HA S Y b RE i R E I E AR
W23

Tab.3 Determination results of peroxide value of ozone oil inclusion compound

Serial number Amount Consumption volume of Na,S,0; standard solution/mL Peroxide value/g + 100 g ~! Mean value/g - 100 g=!  RSD/%
1 1.0197 6.1 0.76 0.76 2.02
2 1.005 4 6.1 0.77
6 1.008 9 5.9 0.74

2.1.3 QEYINEE FHREIILE (SEM) . 7
B HHP-B-CD Wy BHR 5 4 A1 5 G A0 5 i i, R
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T E 2GR 2024 4E 9 H 5 59 5 18 1)
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PR R4 em ™', e EETE F A 4 000 ~ 400 em ' 4
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A - HP-8-CD; B - physical mixture; C — ozone oil inclusion compound.
B2 REAMEEY 85 (SEM) H

Fig.2 SEM of ozoneoil inclusion compound
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Infrared scanning image of ozone oil inclusion compound
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Fig.5 Nuclear magnetic resonance H spectrum of ozone oil inclusion compound
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TR, R BEREH 75 G G/ S mi i , B 1

MR, G/NT G Fh ko A, KRB w AR E  10% AN

R4 REABMEREGE . GE BLEREEEFRER, n=3,xxs

Tab.4 Investigation results of high temperature, high humidity and light stability of ozone oil gel. n=3,x +s

Jito PRI T i B I 114 2 25 9% 5 5 56 1o

il v e

Influence factor Placement Viscosity Peroxide value
test time/d Appearance pH /Pa - s /g 100 g !

High temperature 0 Clear, no graininess, shiny, without layering, oil floating, thinning and oil-water separation  5.49 0. 01 46.62 £0.14 0. 146 £0.002
5 Clear, no graininesst, shiny, without layering, oil floating and thinning 5.48 £0.02 33.25+0.11  0.114 =0.003

10 Clear, no graininess, shiny, without layering, oil floating and thinning 5.91 £0.02 30.27 £0.15  0.048 +0.003

High humidity 0 Clear, no graininess, shiny, without layering, oil floating, thinning and oil-water separation ~ 5.49 +0. 01 46.32 £0.17 0. 146 £0.002
5 Clear, no graininess, shiny, without layering, oil floating, thinning and oil-water separation 5. 50 0. 02 46.78 £0.13 0. 143 +0.003

10 Clear, no graininess, shiny, without layering, oil floating, thinning and oil-water separation  5.51 +0.01 46.53 £0.19 0. 141 £0.008

Strong light 0 Clear, no graininess, shiny, without layering, oil floating, thinning and oil-water separation  5.49 +0.01 46.70 £0.16 0. 146 +0.002
5 Clear, no graininess, shiny, without layering, oil floating, thinning and oil-water separation ~ 5.48 +0.03 46.56 £0.18 0. 145 +0. 005

10 Clear, no graininess, shiny, without layering, oil floating, thinning and oil-water separation 5. 50 0. 01 46.89 +0.13 0. 141 +0.007

RS RABMERSEHC KELBREEZER, n=3x+s

Tab.5 Investigation results of high-speed centrifugal and low temperature experiments of ozone oil gel. n=3,x x5

Review

Viscosity

Appearance pH

factors

/Pa-s

Peroxide value

/g 100 g~!

High-speed centrifuge Clear, no graininess, shiny, without layering, oil floating, thinning and oil-water separation 5.49 £0.01 46.68 £0. 12

Low temperature experiment Clear, no graininess, shiny, without layering, oil floating, thinning and oil-water separation 5.50 0. 01 46.71 £0. 13

0. 149 £0.03
0.153 +0.03
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Fig. 6 Viscosity scanning curve of ozone oil gel
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Fig.7 Linear viscoelastic zone of ozone oil gel
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Fig.8 Frequency scanning curve of ozone oil gel
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Fig.9 Thixotropy curve of ozone oil gel
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Fig. 10 Temperature viscosity change diagram of ozone oil gel
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2.5.2  MIEHSENY B EARS mm FIRIELLH
R EZRVRK A, T ORI W I2 3 50 min,
BUh R BT B ST A e R T B R B (K
WA v O A BR ) P IRBUE (H Sk
PR BE R LT L, P 0 TR B0 K A 3L AT 1 40K ()
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A - Candida albicans; B - Staphylococcus aureus; C — Escherichia coli; a — ozone oil; b — ozone oil gel; ¢ - blank gel.
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Fig. 11 Diameter of bacteriostatic circle of samples against different strains
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R6 HEMNAMFE ¢ ECHEHRE . ACLKE NN
HEHZ, mm
Tab. 6

Diameter of bacteriostatic circle of Samples against

Escherichia coli, Staphylococcus aureus and Candida albicans.

XS S B A S o % B2 AT DL IR
WUZ TR AR IEH I HLBOA HBLGE S |
IKIPEFEBL R o S 5 M 20 45 SR R0k IR 2 AR —
HLRRZ UZ SRS IE R, JORAE LTI |

mm N Y day s N
K PRALE 3190434 0, 25 5 3% B 8 I T B 3
Diameter of bacteriostatic ring of test strain :Bg‘i }:i m
o
Sample Candida Staphylococcus Escherichia
albicans aureus coli . R b e s R
m " 5 ®8 MAUALREEMHAILS AR
a
b 0 0 0 Tab. 8 Scoring system of vaginal tissue reaction microscope
¢ 5 5 5 Reaction Score Reaction Score
Epithele Vascular hyperemia
s b s s A [17] - . Normal , intact 0 || Nothing 0
N v 4 i} - NN
2.5.3 XE;E‘}I:I] %%\ 7K}EH GB15979-2002 i Cell degeneration or flattening 1 Few 1
PR 7 Wk AT s A R, A5 R Tissue deformation 2| Light 2
%%250% ~90% ’ﬁﬁp,ﬁzﬁﬁ ;EH/’[]%BQO% ’ﬁ‘ Local erosion 3 Moderate 3
- — = ik e e Extensive erosion 4 Severe vascular rupture 4
BRI o 85 R R AEMBEIRON 4 8 (0 2 o A .
_ [ . \ N Leukocyte infiltration (each high power field) Edema
BRI R 3R A AN B 2 0I8 3) 95% UL b, e Nothing 0 | Nothing 0
})ﬁkjﬂ] %ijj?u 80% L) I , ij‘é Eﬁ FZ pll__lt:] ﬁﬁgﬁ TL,I] ril"ﬁz Very few (less than 25) 1 Few 1
AL ER R FE T, Mild (26 -50) 2 || Light 2
Moderate (51 —100) 3 Moderate 3
Weight (more than 100) 4 Severe 4
RT REWMBERNGWELER, n=3
Tab.7 Antibacterial results of ozone oil inclusion compound
gel 1 =3 RO AR HE 2
Tab.9 Vaginal mucosa irritation index
Average bacteriostatic Number of
Test X . Average score Reaction degree
rate of different time/% positive control
strain . 0 Nothing
2 min Smin 10 min 20 min colonies
14 Extremely light
Candida albicans 77.82  83.24 88.69 89.10 1.26 x 103 53 Lich
- t
Staphylococcus aureus 95.97  97.30 98.38  99.18 1.25 x10* e
Escherichia coli 89.40 OL14 9452 9892  2.67x10° il Moderate
TE A B IR A KA
Note: All negative controls did not have long bacteria. 2. 6. 2 Ezyiﬁﬁiggfﬁ[ 18] ‘E‘%_‘%’ﬁ IKJ/I\‘EQ . }[%ZB%{ Eﬁ‘%m
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Tab. 10 Record of histopathological examination of vaginal mucosa in experimental rabbits

Animal Microscopic scoring Average
Group
number Epithele Leukocyte infiltration Vascular hyperemia hydroncus score
Control group 1 0 0 0 0 0
2 0 0 0 0
3 0 0 0 0
Ozone oil gel group 1 0 0 0 0 0
2 0 0 0 0
3 0 0 0 0
Ozone oil group 1 2 1 2 2 7
2 2 1 2 2
3 2 1 2 2

A)
A - XFHRZ ;B — SRAGIBERAL ; C - R4,

A - control group; B — ozone oil gel group; C - ozone oil group.
B12 AR OR L R R i

Fig. 12 Pathological section of vaginal mucosa stimulation test
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A1 JE B (0 B Magnusson #7 Kligman 44 25 [ R AL FE 50 mL - kg™ 43 0 A O
Tab. 11 Magnusson and Kligman rating of reactions at the ap- W EBER K . 10 R B AR, IS TG 10
plication site I 6] R B RN 1), 7E 72 h LB P, R4
Application test reaction Grade BEIELH S SO AN K F 25 0 R sh i, WA e

o ohvions chanse ° BER AL TS A 2 S BRI N . 25 R, 76 72 h WL

Sporadic or spotted erythema

1
Moderate confluent erythema 2 %‘g/ﬂ;ﬁ Ij‘j ) %%&?ﬁ@%ﬂiéﬂ *ﬂ gg IJ:_I X‘—J‘ Hﬁ zﬂ@j%ﬂiﬁﬁ PI%L’
& SEAR , F 2 AR B TC Sk e B R RO

Severe erythema and edema

RI12 R B SR e B R 2 LR

Tab. 12 Scoring of symptoms observed in skin sensitization test

3 3 i

LB 50 & T AN ®, BA R 2R,

of guinea pigs

Application test reaction

Gy e " Gk LA R A, B4 B R SEM, FTIR,
piloplaxia ydroncus
Control group No obvious change No obvious change 0 : HNMR N DSC %ﬁ%j&ﬁ??ﬂg/—fé Ej %‘;é ﬁE ’ 2:5 %%‘% Eua %

BEMMIER AL . A Sk R 4Gh A HP-B-CD

Ozone oil gel group No obvious change No obvious change 0 %\?EE ﬁf%ﬂz@%%ﬂ HP_B_CD éﬂﬁ?i , ﬁu@%%j‘j |:l:[
AR, DL 0t 940 iy ik it o R AGIMBEIE , 45 R 3R
2.6.3 SVERGEMESE Y DUEMIRAKONE WIS R A R BB R AR

P42 0.2 g - mL ™ il RAIBEIRIAI,37 C BRAF & A TR R 2 .

R4 72 h RS D R LIRS KM ARSI HP-B-CD A 45 55, P HL o o
NIRRT G, K00 AE KM N RBERL D O AR AWz Ja , AR R T R AR AR E T
B A2 T B, R S I, RAAIBEIZH A WK R A RREE b PR B H A I e
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