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Abstract: Objective To study the formulation and preparation technology of self-microemulsion drug delivery system of effective
components of Huanglian (Coptidis Rhizoma)-Ganjiang (Zingiberis Rhizoma) (Cop-Gin-SMEDDS), and evaluate it. Methods The
best prescription composition of Cop-Gin-SMEDDS was determined by solubility experiment, pseudo ternary phase diagram
drawing and D-optimal mixture design. Through single factor investigation, the optimal preparation process was determined, and the

physicochemical properties, stability and in vitro release of Cop-Gin-SMEDDS were evaluated. Results The optimal prescription
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of Cop-Gin-SMEDDS (excluding total alkaloids of Coptidis Rhizoma) was oleic acid 5%, 1,2-propanediol 41%, polyoxyethylene
(40) hydrogenated castor oil 49%, dried ginger oil 5%. The dosage of coptis alkaloids was 5%. The optimum preparation process was
magnetic stirring at 37 ‘C and 300 r/min for 10 min. The obtained Cop-Gin-SMEDDS was a dark red clear and transparent
concentrate, and after dilution, it was a yellow, homogeneous and transparent microemulsion solution. Under transmission electron
microscope, it was round and spherical, with uniform size and regular shape. The average particle size was (22.21 + 0.45) nm, PDI
was 0.195 = 0.019, and ( potential was (—2.67 = 0.11) mV. The drug loading of berberine hydrochloride, palmatine hydrochloride,
coptisine hydrochloride, epiberberine and 6-gingerol in Cop-Gin-SMEDDS were (13.51 + 0.71), (1.37 £ 0.06), (2.36 £ 0.27), (0.83 +
0.14) and (6.34 = 0.04) mg/g, respectively. The encapsulation efficiency were (96.36 £ 0.34)%, (95.49 £ 0.59)%, (92.56 £ 0.81)%,
(95.17 £ 0.39)% and (94.39 + 1.63)%, respectively. The 24 h cumulative release rates of berberine hydrochloride in Cop-Gin-
SMEDDS in pH 7.4 PBS buffer, water and pH 1.2 hydrochloric acid solution were (70.80 + 0.04)%, (96.17 £ 0.10)%, and (85.77 +
0.10)%, respectively; the 6-gingerol in corresponding release media were (27.7 £ 0.14)%, (32.48 £ 0.14)% and (32.96 £ 0.07)%,
respectively. The stability experiment showed that there was no significant change in the index components and appearance
properties of cop-gin-SMEDDS after it was placed at different temperatures for 30 d. Conclusion The prepared Cop-Gin-SMEDDS
has good appearance, high drug loading and encapsulation efficiency. It can improve the stability and release of drugs. It is expected
to be further developed into oral drug delivery preparations.
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Fig. 1 Ultraviolet-visible absorption spectrum
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Table 1 Solubility of total alkaloids of Coptis chinensis in saturated dissolution in different excipients (X £ S, n =3)

A VA% /(mg-mL ) FTVE P WRIZ(mg-mL™")  BEER TG M) ViR B /(mg-mL™")
BB 0.22440.003 F L2 80 0.513£0.044 PG 20.877+2.565
TR 1.029+0.019 H] 4 80 0.506+0.052 A= 5.804+2.411
IR 2.1 0.02840.005 RE LR E M EL 0.5830.042 R FF 400 3.981£0.526
PR TS R S TR 0.02440.002 RH40 1.55540.095 ToK B 3.848£0.385
HEEH I =R R 0.046+0.017 Labrasol 2.41140.476 A 0.43940.062
T2l - TR CHE 5.158+0.289
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Fig. 2 Pseudo ternary phase diagram of self-microemulsion
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Table 2 D-optimal mixture design and results

LIS xi/%  x/%  x3/%  Yinm Y2  Y3/min
1 20 60 20 21.23 0.131  7.355
2 17.5 31.25 51.25 92.15 0.358 1.187
3 20 20 60 118.30 0.147  0.329
4 12,5 56.25 31.25 3556 0432 1.715
5 10 20 70 89.32 0.251 0.393
6 15 20 65 101.30 0.234 0.715
7 10 45 45 2329 0.216 0.605
8 20 20 60 117.10 0.152 0.334
9 10 45 45 2351 0214 1.928

10 20 60 20 21.12  0.130 8.001
11 10 20 70 97.04 0.346  0.390
12 10 70 20 2539 0.319 8.907
13 15 65 20 47.16 0359 7.501
14 10 70 20 2532 0312  9.501
15 15 42.50 42.50 4547 0413 1915

16 12,5 3125 56.25 7207 0363 1.142
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AR [ B 45 253, 73 045 225 H AR AL
PDI K LA 18] £ 9 PR A & (R 248 55 e 2 A = 4k g
RIE, S5 RE 3 Fs. Hgs Rala, RImE R
R 2 T 7% A 70 100 FH 20T B AL Y ) s K

#*3 AR, PDI RFLIUATEMREIBI AR

Table 3 Summary of model fitting of particle size, PDI and emulsification time

A A R TR H F 18 P1H PRt 22 SFIME R2
7 REER DY AT 2537.87 8 32.94 <0.000 1 8.78 59.71 0.974 1
Y2 RYAYR it 0.02 9 18.61 0.001 0 0.03 02736 09654
Y3 SRR 20.85 9 55.32 <0.000 1 0.61 3.24 0.988 1
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Fig. 3 Two dimensional contour map and three-dimensional response surface of particle size (A), PDI (B) and emulsification

time (C)
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#=5 ARHEA=ERIAANEHIREZERPDI(XES,n=3)
Table 5

emulsification with different dosage (X £ S, n=3)

Particle size and PDI after microemulsion

R BHEENBHIANER (Xts,n=3)
Table 7 Effect of stirring speed on self-microemulsion
(Xxts,n=3)

B /% $i % /mm PDI
1 18.214+0.34 0.13240.019
3 19.2240.45 0.195+0.019
5 20.2840.06 0.1980.005
6 33.65+4.71 0.253+0.103
9 52414181 0.286+0.021
10 51.8649.09 0.303+0.095
12 63.52+3.83 0.618+-0.105
15 62.3040.92 0.72040.021
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Table 6 Effect of preparation temperature on
self-microemulsion (X + S, n=3)
HE/C RifE/mm PDI A

15  364.201£60.76 0.596+0.094 &€, M. B
25  27.78%0.58  0.5051+0.049 Hfh, iR, iER
37 20.63£0.20 0.27740.008 ¥, . EH

50 39.61£2.49 0.6741+0.043 Hifh, R, IEM
60  30.03£0.43 0.55940.008 Hf, R, iER

PR FiA%/mm PDI AP
(rmin1)
100 22284035 0312+0.013 ¥, EiE. EH
200  21.43%0.17 0.304+0.002 €, &b, &EH
300 20.65+0.26 0.270+0.010 €, &b, EH
400 19.06+£0.46 0.214+0.008 #Hfa, #Hi&E. &EWH
500  20.88£0.21 0.271+0.004 #h, EiE. &Y
#*8 HHMEXNBNMANEE (X£s,n=3)
Table 8 Effect of stirring time on self-microemulsion
(X£s,n=3)
PPk 1)/
min
1 34.8140.28 0.738+£0.018 ¥, R, FiFEHH
5 21.3340.23 0.283+£0.023 #fh, HE. &Y
10 19.85+0.23 0.2054+0.001 #&fa, EE. EH
20 18.85+0.21 0.18240.012 &, . EWH
40 19.2540.07 0.176+0.022 #fh, EiE. &Y

45 /nm PDI IS
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273 HABMABEKME KR Cop-Gin-
SMEDDS 50 mg (W), BT 10 mL Kta &, N
HEEMRE R 205, 85, 75 10 min, ALIERIT
PEJT, FUHR “2.67 TS 77 VR A2 SRR /N B
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HREDYT, HRIREIER . KRB 6-E R 5
B, WEgRiclE m. WSERBUMILER 0.25 ¢,
B 5 mLAFEEHA, N 37 CHRIZRBKEMRIEFRR
RANE, #A, BT EOEF, 5000 r/min 5 HEE O
20 min, fFHEN LIEW 1 mL, BT 10 mL Kita s
R, I ESE R, A PA 10 min, BEIE =,
IR R ZIRE, RS, dERERTIN, AedlghRid
VE Wao 3RHBTF B It 8k 24 B A 621,

WG E=WIW

A3 = Wo/ Wy

ERER/NEEG . SRRRETYT. HERTOER. R/
BEDAD 6- LB R M EMEERLE R WE 9, N
S5 RS HR AR o 3 B BOE I 2 E AL
2, UL B AL TT R £ T 2R B H AR ER
274 FEMFE ¥ Cop-Gin-SMEDDS T 4.25.

*x9 BHE. OHFERNER (X£s,n=3)
Table 9 Test results of drug loading and entrapment
efficiency (X £ S, n=23)

=7 AN %oy B/ (mgg ) L /%
EhIR/NBEDH, 13.51£0.71 96.36+0.34
HRm Oy 1.3740.06 95.49+0.59
EhIR B IE 2.361+0.27 92.56+0.81
FNBEDH 0.831+0.14 95.17+0.39
6- LB H 6.3410.04 94.39+1.63

40 CEMHT, HE 30d. ESLIRMIE 04 10, 20.
30 KA MIREE &, WA AN I E FR 7 B
I3 1 ' U R LIS P kAR K/ PDL. 4
REW, Cop-Gin-SMEDDS FIAMIAT T IH .42 1k,
FREIESRMERZAMALY RGEE RIFM
ettt (GR10. 1D,

10 Cop-Gin-SMEDDS #if2. PDI FIZRIMRAIZTL (X £S5, n=3)
Table 10 Change in particle size, PDI and shape appearance of Cop-Gin-SMEDDS (X £ S, n =3)

R C i []/d kit mm PDI GRS DI LIRS

4 0 20.4010.15 0.220%0.007 WA, . EW w, HEIE. EW
10 18.9240.15 0.168+£0.015
20 19.28+0.35 0.206+0.046
30 18.4240.07 0.127£0.019

25 0 19.36%0.03 0.17140.015 WA, EE. EW w, HEIE. EW
10 18.74+0.28 0.106+0.027
20 18.5440.12 0.118£0.026
30 18.3040.07 0.116£0.015

40 0 19.89+0.21 0.197£0.005 WA, EE. EW w, HEIE. EW
10 24.10£0.04 0.267+0.021
20 18.8540.02 0.159£0.015
30 17.5740.04 0.153£0.055
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B e & 45 M R 245 8- 1¥) Cop-Gin-SMEDDS, % -Fi%
Mo, 23 RHILLZREK . pH 7.4 PBS #BRT pH 1.2
ERFR VAR A R IR IO 1%58 111 B4 E-80 1F A ife
RS, BT (3745) CIHIE/AKTBH, 100 r/min
BRI RE . TR 054 1. 2. 3. 4. 6. 8.
10 12, 24. 36+ 48. 60. 72 h I 535 MHERZ L R
U 1 mL ORI NSRRI, LAk
TR /NBEBR AT 6-22 B R A AR R, MRAE “2.67 1T
FE B B E TR I e A R, SRR
KRBT E A KPR

n-1
0u=(CV+ D VW

i=1

On JE n DTS BRBIRE, v BRI, 7
SRR AL, Co A1 C AP BIASE n RANSE i UREURER £
W 25 TR E W 9 e T 2 R

ZERUNE 9 7R, Cop-Gin-SMEDDS H &% /)y
BEBEZX 087K . pH 7.4 PBS MR pH 1.2 2hFRVAR
H) 24 h Fe 4 RTS8 (96.17£0.10) Y-
(70.80+0.04) %. (85.77%+0.10) %, Cop-Gin-
SMEDDS H 6-Z B2 AE 3 PRI 1 24 h
A BEFUBTE BN (32.48+0.14) %. (27.7+
0.14) %- (32.96£0.07) %, ¥ ZEBAEHIEE D)
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#* 11 Cop-Gin-SMEDDS F ZIEIRR I S EMNENL (X£s,n=3)
Table 11 Change of component content of each index in Cop-Gin-SMEDDS (X £ S, n=3)
IR/ C td RENB mg 8

IR/ NBED, HRE DT R T R/ NBERL 6- LR
4 0 14.18+0.33 2.20+0.15 3.54+0.22 1.4240.15 6.78+0.63
10 14.05+0.26 2.184+0.08 3.53+0.13 1.414+0.28 6.5710.18
20 14.04+0.01 2.154+0.04 3.524+0.30 1.2340.06 6.4710.06
30 14.021+0.02 2.1440.01 3.41%0.10 1.1540.01 6.40+0.11
25 0 14.05+0.06 2.13+0.15 3.6310.01 1.45+0.14 6.83010.06
10 13.6410.17 2.124+0.03 3.394+0.17 1.4440.09 6.751+0.03
20 13.561+0.19 2.0610.08 3.17%£0.20 1.1610.03 6.6910.04
30 13.23+0.05 2.0440.02 3.0640.05 1.11£0.08 6.6710.07
40 0 13.99+0.05 2.1940.01 3.46+0.09 1.4640.09 6.584+0.06
10 13.901+0.04 2.0940.01 3.4440.23 1.384+0.04 6.4110.07
20 13.49+0.15 2.08+0.04 3.11£0.02 1.2040.02 6.291+0.21
30 13.35+0.08 2.0240.01 2.9740.08 1.0840.05 6.2910.03

e SMEDDS-PBS ~ 0]b -~ SMEDDS-PBS

% & SMEDDS-/K 40 -~ & SMEDDS-/K
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n=3)
Fig. 9 In vitro release curve of extracts and Cop-Gin-SMEDDS of effective components of Coptidis Rhizoma and Zingiberis
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rh ER R/ INBERRAE AR BB I H I SRR TSR 7 0
(86.7940.21)%.(48.67+0.36)%-(49.77+0.10)%,
TP 6- 2L B AR AL RIBE I 5 1 2R AR
BIBCE RN (26.78+£0.64) %. (22.21£0.05) %.
(28.41%0.12) %. HMILLHZ KRG & IBVR 85
24 h BRI S TR, BHBEMIAA AR
41 n] S0 25 LR R AR TS 2
3 g
HOE-TZAE AR5 7 0 F 250623, 15
LG 4y B0 S AR RN T 22 3l (103 F o LR T
SRR TS HLA E R S AR TR S AE
TSR AR . Z R PE AR e S R |
THBAENH. BMALY RGP, £
T 37 PR AT B 3 T v M RV R 45 25 R Gt e 9T S
JRROL, HR 2GR S AR T A A, T LU SRIE N

FHRH % AL, AR YIATE G 2.
WA AL S “Hia—" A, ZRET2E0m
PERAE, 5 30%E AL EH] & B MFL, DA
P 1 BT S AR DR T 22 VA AR DA S 2T 2R R
Iy IR E T

AR S AL R B A T R R .
A O TRS 50 285 S R oR A T Im AR RS, AR
17 FH BT E AL B S R A K, 5 HLRT A S AH 1
B RAE 10%A 47 . B2 =T TsL R R %
SAEYIIR I R KB BN 5%, J KT 5%HT,
HWMA A A RA DT E DU . WAL ST
LIS R I, T 2 S 0% S AR L R
121, XS R4 i 28 R TT AR el R AE
AW A% LU R 4 B R IR & B IR,
e T B I AR A AR PR e KRR S T 223 DA



*60 - PED 202318 B54% H 1 Chinese Traditional and Herbal Drugs 2023 January Vol. 54 No. 1

121 befl R vR A A A -

I R TE LIS, R T 2% 18 6 25 BV i
REJIAN, 3082 L3R THI T 1 770 5 T AH T I LIV e
F324, sEag Rk B RHA0 AL RE e iy, &
A T0%IN 5 BETEZ AT & R LR, 1T oA
FTIETEFIN 5 L 80% LA A REIE . EARFT
HIBhREE RS RH40 ¥, HHEESR PG
X B SRR R O, IRIIESE PG AEA A
AL B R T v P 7 o

H i ALIL G R S 298 ics Uk oS, —
BN ARLAR /N 24 1) 5 A A AR T R el 23]
AHIF T A 1 B L KRR fE B LA TR B iR L
PR RIAE A (22.21 £0.45)nm, PDI 4 0.195+0.019,
PRI RARAR /N BRAR S A S 20 el o A Ak
B 45 R B R, Cop-Gin-SMEDDS #1582 /)N 5
RN 6-22 BREAE 3 RIS Joa H 1 24 h NI B TR
TREE AR R 28 TR, RHBMIALAHA R
GRS TR T 250 H FE RV O 26

T 20 425 nm AW, 23 50E R
AR E A R, B AR A B R 5
WA I R A 3 Y66 FE R e B S AR e 1
T2 HPLC 7E 350 nm AbAGIN R /NEERR . ThIER ¢
DR SRR YT RN ER R /NBERR, 4 Fh AR ER
LR B IE DAY & & R TR FE
gy, HhZMRR BRI EE Ny, M 6-Z B
RRAZR D EERESP, Fik, &% 6-2HRMA
KTZMMEE. 4R 2R, Cop-Gin-SMEDDS
FIRbR T A B R, & B B 2R )
£ 92%LL_E, W] Cop-Gin-SMEDDS F. A5 K I #
A EAEE R, ERE S H Cop-Gin-SMEDDS
TR AR O SR S ANIPER IS TE I B AR, R
H AL 2] RGeS T 230 Ae e 1 .

25 L RTA, AL %% 1) Cop-Gin-SMEDDS H
BE/NIRAR R m 8 & 5 RAHER, megit
o B S AR 22 VA R L ISR R
SrHIFREME . AR L Cop-Gin-SMEDDS A3,
il DU IR S5 e m) 7], i — 20 AR e i Pt A A
FAT7AE M, DUBASE bbb S FH T35 PR 45 W 9% S5 0
BT

FBAR FAVHEHFEARGEAZFR
SE3Hk
1] R4, 7S, 48 % #iE. Bz CREER”

5 «HmEMHGE” I TEREREEZ, 2019, 28(18):

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

10-11.

JH, TS, Kahdh, & SIEE T SN BETZY
AEA AR 0] REPZEE, 2020, 45(19):
4561-4573.

Teng H, Choi Y H. Optimization of extraction of total
alkaloid content from Rhizome Coptidis (Coptis chinensis
Franch) using response surface methodology [J]. J
Korean Soc Appl Biol Chem, 2012, 55(2): 303-309.
INAG, ZARBE, R, S5 TR i A2 HAE
RIWEFEHE e (0] v B AR BRI, 2015, 34(3):
34-37.

Yang Y H, Vong C T, Zeng S, et al. Tracking evidences of
Coptis chinensis for the treatment of inflammatory bowel
disease from pharmacological,
J Ethnopharmacol, 2021, 268:

pharmacokinetic to
clinical studies [J].
113573.

Zhai L X, Huang T, Xiao H T, et al. Berberine suppresses
colonic inflammation in dextran sulfate sodium-induced
murine  colitis through inhibition of cytosolic
phospholipase A2 activity [J]. Front Pharmacol, 2020,
11: 576496.

TR, BREE, T, & BT HIRIZIA R 2 2538
SRR IT S TETT R TT I TR 46 W R AT R K AR
FHFLH] [J]. 52, 2021, 52(19): 5984-5995.

XS0, FEEAS, WHZE, & BREESIRT B LS
W 2 VERR AW IT ()], PR, 2018, 33(9):
4093-4097.

Zhang X J, Yuan Z W, Qu C, et al. Palmatine ameliorated
murine colitis by suppressing tryptophan metabolism and
regulating gut microbiota [J]. Pharmacol Res, 2018, 137:
34-46.

Sheng YY, Wu T L, Dai Y'Y, et al. 6-gingerol alleviates
inflammatory injury in DSS-induced ulcerative colitis
mice by regulating NF-xB signaling [J]. Ann Palliat Med,
2020, 9(4): 1944-1952.

Sheng Y Y, Wu T L, Dai Y Y, et al. The effect of
6-gingerol on inflammatory response and Thl17/Treg
balance in DSS-induced ulcerative colitis mice [J]. Ann
Transl Med, 2020, 8(7): 442.

Rashidian A, Mehrzadi S, Ghannadi A R, et al. Protective
effect of ginger volatile oil against acetic acid-induced
colitis in rats: A light microscopic evaluation [J]. J Integr
Med, 2014, 12(2): 115-120.

FIREL, AR, BE, . EIE-T R R
[ 9 /N4 . TLR4/NF-B A5 5@k (K520 [J].
rp [ S2 36 7 7 4, 2020, 26(4): 70-75.

B, M. 65T 32 SR AR A I



FED 2023F 18 $54% B1  Chinese Traditional and Herbal Drugs 2023 January Vol. 54 No. 1 *6le

[15]

[16]

[17]

(18]

[19]

GC/MS WFFR [J]. AL T, 2015, 44(1): 184-186.
MAENE BRpESE JVT, & TEALEH S AEES
WEHERS RIS R (1. P EZ 5, 2020,
31(10): 1197-1202.

SIEE, ER, HZE % GC-MS EIE T EBIE R
CO2 ZEHUI I 87 B e E B R o B R 0], f#
TRZEZG 2R, 2011, 27(4): 296-298.

=B, ERR, R, & NS 6-2H MBS
TR S5 I 96 /N R 45 1% L R 4T Noteh {5 5B 1152
W [T]. FFEZ, 2019, 50(13): 3147-3154.

Zepins, T, MR, & L8-HHHHRAMALA R
45 0 1 4% KRR B RO A0 B AR EORE T [0). R g,
2020, 51(9): 2418-2426.

Bk, wKE, &, % HIAAYILIE RS A
RIS ER, 2019, 42(3): 563-569

[20]

[21]

[22]

[23]

[24]

[25]

[26]

P EE T AMAMNA L RGN &5 [D].

J7I: TN R 2K 3, 2008.

T2 ERMIRE A MIA NG & LA ¥R [D].

A5 PR A, 2020.

FEERF. AP L Rk SRR R I s e R 2R R s

%5 [D]. AFE: bR R, 2015

PNZ, FEY, DiF, % TR EEEEYTE 5

Bré -T2 7RI A T 1. R EZ 5,

2019, 30(1): 99-103.

MRKIE. [6]-ZMl H FFLA 25 R 5 K PR R IR M

W [D]. BT TLIRKSE, 2019,

kAR, vk, BERRE, % WEHFEEHWIALAG RS

& B P [3]. HPEEZY, 2021, 52(5): 1291-1302

AR, AT, BAS IR, . TR TR KR ERR

BV [ R ESE, 2022, 41(5): 569-575.
[Fremit  FRALpE]



