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Effects of surfactants on water solubility and anti-hepatic fibrosis of curcuminoids
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Abstract: Objective To increase the water solubility of curcumin constituents by three kinds of food grade surfactants, and to study
the effect of surfactants on the quality standard and stability and anti-hepatic fibrosis in vivo of curcumin solution. Methods The
high-speed dispersion method was used to prepare the solution of curcuminoids-surfactants. The qualitative analysis of curcuminoids
was confirmed by LC-MS/MS. HPLC-DAD fingerprinting was established and quantitative analysis was conducted. And the effects on
anti-liver fibrosis of different concentrations curcumin ratio solution were evaluated by rat model. Results The maximum water
solubility of curcumin constituents was 1.387 mg/mL. LC-MS/MS analysis showed that the structure of curcuminoids were stable; The
results of fingerprinting analysis demonstrated that the similarity of 18 batches of samples were higher than 99%. The contents of
curcumin, demethoxycurcumin and bisdemethoxycurcumin in different batches of samples were stable with the RSD of 1.60%, 2.24%,

and 3.74%. The rat model of hepatic fibrosis showed that the contents of AST and ALT in free curcumin suspension group were (64.1 +

RS EHEA: 2017-11-15
EEWB: ERARFEEEHITE (81302742); HELWHSHIRIE (HAN201622); PUJIEHETEAHE (11ZA005)
TEHRENT: x| 9 (1992—), L&, WiLAFFAE, ML RRIRGYIN ST SR TAE. Tel: 18380460285 E-mail: 1849124204@qq.com
“EEEE 2= 8L 9, WL, BIEdE, AFPRALEES . R AN R E-mail: liri-elite@163.com

Mk, B, Wk, iR, FEAFERRTW T AN . E-mail: xht927@163.com



- 1810 * L& X

Chinese Traditional and Herbal Drugs 25 49 % 3 8 #§ 201844 A

20.3) and (45.1 + 13.9) U/L, respectively, while that solution of curcuminoids-surfactants group was (19.4 = 8.7) and (11.8 £4.9) U/L.

Conclusion The solubility of curcuminoids was increased 517 times compared with the free state (2.677 pg/mL) after solubilization

with surfactants, and repeated tests indicated that the structure and contents of curcuminoids were stable; the solubilized curcuminoids

exhibited better anti-liver fibrosis effects than the free.

Key words: curcuminoids; surfactants; water solubility; qualitative; quantitative; anti-hepatic fibrosis
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TRIEIREE, EHOKIE RGN, ARG s A
PR PTHAE

B EJTEER T ERAANR A, &
ST MRFEA T, ST R A KU .
Ahmed VR RIREYIHI S Trigonella foenum-
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Table 1 Ly(3*) orthogonal experimental design and results

RS  Alg Bl/g C/g  D/(rmin") 7K?§‘T%/
(mg'mL ™)
1 2.0(1) 2.0(1) 80(1) 2000(1) 0.993
2 2.0(1) 6.0(2) 100(2) 4000 (2) 0.996
3 2.0(1) 10.0(3) 120(3) 6000 (3) 1.062
4 4.0((2) 2.0(1) 100(2) 6000 (3) 1.102
5 4.0(2) 6.0(2) 120(3) 2000 (1) 1.045
6 4.0(2) 10.0(3) 80(1) 4000(2) 1.208
7 6.0(3) 2.0(1) 120(3) 4000 (2) 1.325
8 6.0(3) 6.0(2) 80(l) 6000 (3) 1.384
9 6.0(3) 10.0(3) 100(2) 2000 (1) 1.253
K 3.051 3420 3.585 3.291
K, 3.355 3425 3351 3.529
K; 3962 3.523  3.432 3.548
R 0911 0.103 0.234 0.257
xR2 HESH
Table 2 Analysis of variance on orthogonal design
WEKIE  mZETFHM O HBEE  FHE BN
A 0.143 420 67 2 63.7803 P<0.05
B(i#%)  0.002 248 67 2
C 0.009 414 00 2 4.186 5
D 0.013 672 67 2 6.080 3

Foos(2,2)=19.0 Fo0(2,2)=99.0
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Fig. 1 MS/MS spectra and mass spectral fragmentation
pathways of CUR, DMC, and BDMC
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2 20 #tA# &K HPLC 845 EIE (425 nm)
Fig. 2 HPLC fingerprint chromatograms of 20 batches of
samples (425 nm)
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BINZEFER Y=80.35 X—106.2, r=0.999 5; DMC
Y=95.39 X—68.64, r=0.999 5; BDMC Y=499.7
X—18.60, r=0.9995; r KT 09990, FHIZEH
KR BEIRFEAE 3.13~100 ug/mL. DMC Ji BIKFEAE
1.56~50 ug/mL. BDMC Jii 9K Z/E 0.06~2 pg/mL
LM R BT, 8T — RIIFRE bR R
iy 5 A b 3 T 0 ARSI PR (LODD 5 &= R (LOQD,
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3 20 MECLLIBRFERER. DMC. BDMC FIUELR
Table 3 Contents of CUR, DMC, and BDMC in 20 batches

ratio solution

JREIRE/(ugmL ™)
F5 AR
N ##HE DMC BDMC HEEHE -

32.81 6.65 0.21 39.67 0.999

—_

2 32.29 6.51 0.21 40.01 0.997
3 31.91 6.46 0.19 38.56 0.995
4 31.93 6.21 0.21 38.35 0.989
5 32.72 6.92 0.22 39.86 0.999
6 33.05 6.61 0.21 39.87 0.999
7 33.23 6.66 0.21 40.10 0.999
8 32.92 6.60 0.22 39.74 0.999
9 33.15 6.43 0.21 39.79 0.999
10 32.20 6.64 0.21 39.15 0.997
11 32.16 6.43 0.21 38.80 0.996
12 32.81 6.55 0.20 39.56 0.999
13 33.45 6.63 0.20 40.28 1.000
14 32.79 6.42 0.22 39.43 0.997
15 33.07 6.64 0.21 39.92 0.999
16 32.92 6.62 0.21 39.70 0.998
17 31.35 6.73 0.22 38.30 0.987
18 32.81 6.66 0.21 39.68 0.999
19 32.65 6.65 0.22 39.52 0.996

20 32.86 6.48 0.22 39.56 0.997

HIEFE% . HNFEE A 1| d N “24.17
TR 3 2% A 0 [ —Ff S oS E 5 Ik, 1
B R DMC. BDMC Jfi 8K E K RSD 735
N 0.68%-+ 0.57%- 0.82%; H [AIKE %24t 3 d
PR ] — AT I AE , RSD 437118 1.43%.
1.36%- 1.69%, ASLET7TERA RIFIIREHE,
247 HEEMWSE BE—ERIER S, R
“2.3.17 DN A3k KA ERAE. AT, 1, CUR,
DMC. BDMC i &K Z 1 RSD 43514 2.1%- 1.8%-
2.4%, ULBHESLI VA EIM: R AT

2.4.8 fOAEEIWCER SIS INFE [N 2R S 2 R
BE—PVEMR T VE R HERR B, 1) AR SR T
RO ON 38 R 0 R A YR 6 IR B A, TR IR
“2.4.17 TN @G 4EE HPLC 28T, IE I EE e
{EATE SN 1 LU RIS [N CR . 22352 . DMC.
BDMC [1)°F34) B2 5128 97.7%- 99.1%- 98.4%,
RSD 1H73 58 1.8% 2.2%- 2.8%.

2.4.9  ASEISEIORE LI 223 R R 1
5E  SKH HPLC-DAD 7775 20 fLEE fhia it 4745
M, ¥ & DMC. BDMC 58 5 & 3 SR i
Pk 3 fros, 20 #EECELiE R 3 AN 1A
B 3 in. ZHEMTEIREAE 31.35~33.45
pg/mL, DMC iR EHKEE 6.21~6.92 pg/mL,
BDMC )i &k AE 0.19~0.22 pg/mL, RSD {H %>
BN 1.60% 2.24%- 3.74%.
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BT 1. 100 300 60, 120, 200 d 435I H Pl #R
WL, JEd 54 HPLC ME & &, Zxilfe e thth 2k (&
4), 200 d NIfa e E B R EERFR T
1.46% DMC [%f# 1 1.98% BDMC [4fi# 1 2.87%,
KL LL A H IR N AR e M R, PR A
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I _ L
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Fig. 3 HPLC of three curcuminoids standards (A) and
sample 3 (B)
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2.5 IMAFALENIEMMR

251 WA REGY K 70 AKREEEHL A 7
M, B 10 K, BIXTHRA (RPN G A
A A 4B | 2238 3R 2 25 iR B 4l
(2.5 mg/mL, ZEWKIEM . L EECHE KA
(1.25. 2.5 5 mg/mL) BEAXUERFH X L. 4%
BAEK 120 5, IEH4H ig (10 mL/kg) & FEE
TR 3 PR TG (HEC-BAJiE-SE-15 3
5 140); AFAF4Efb BRI 20 4% 10 mL/kg ig EAEIR &)
RS- MR- R0 10 25 @ 2), [N 0.3
mL/kg sc CCL /Y (CClL-EPm 1 3); e
TS ARSI . EH R IF WAL sc CCL
YA ig WRHREEEA I ig AHNZ5Y) (4
iR 2540 50 mg/kg, ZEE BN HOIA WAL
A 254 50 100 mg/kg); HRIRXUEEA ig B XS
(10 mL/kg), FFKR 1k, &S 6 M.

252 FEARRSE 6 ARMIITA KR, 10%K
A &M (0.2 mL/100 g) BRI 5 IR 2 T s sl kR L,
M2%F 4 000 r/min &5:C» 15 min; PIHOK FEE 5 R4
ZILEDH 4% % W 2 (1 8 R AR AR AR 1) 5
Ll FERAZEA 24 h), B850 HHSEE
F-80 C.
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Ef AR S U ik TE, SRNE 4. 55
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Frim. SRBAIE, 4T 7 ZHERNSH KR
JEH ALT. AST A RIFEAEHOPRAR, H iR mig
TR i 11 22 1 2R T L VAR 2 LU o 22 B R AR

F4 KRILE ALT. AST #MER (X +5)
Table 4 Results of serum ALT and AST index in rats
(X *x9)

4 3] n ﬁ@: ALT/AU-L™") AST/(U-L™)
(mgkg )
i HR 8 — 6.7+ 21 85k 36
A 7 — 60.4+24.4" 82.1+32.2%
LWEWHEAY 7 50 45.1%+13.9" 64.1+203"
PEPESTLT

FLERMLBER 7 25 408+ 9.8° 51.9+157
8 50 249+ 73" 32.6+1047

8 100 11.8% 497 194+ 87"

B2 X i 8 20 02+ 357 187+ 6.17

HARALLE: FP<0.01; SEMALE: 'P<005 TP<001
#p <0.01 vs normal group; "P<0.05 P <0.01 vs model group
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By BN K A A K SR se CCly M iBAS IR A5 H
DR HZEBE. WEIEILS, BB TOLE. KEE
Wik AR REAEOE, B KR
S AR5 2~3 HAET:,
2,55 HAKRERMNESAMELE: X REAH K RUHIE 2
ZUAE L TR AR 4K R P € 5 A 2L
W D, RITHKE: 228 FUF R 2R B4 K
BRUJFF U € G 21 R AN s 22 38 R D LUV MR
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B, TS B IAR S AETE R NS FE R . FEANR
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T 0 AR AR IR [P A, B G T A A e 4 4
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