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BT BT AT 4 BRSO AN 38 o L A -T% 55 T vk 1) 4% 25 3 2R [ 1Ak g 5 49 K bz ( curcumin solid lipid
nanoparticles, Cur-SLN) FIZE#H EMAFE (curcumin microcapsules, Cur-MC), FHXJHANIEES. KESAA. ¢ B, B
B B R AR BT RAE s 8 e AU (1% B B RATIN ) B3 (UPLC-QTOF-ESI-MS/MS) VE%55E ig i K BRI
WA, P RO il R I = DU AT R 3 (UPLC-ESI-MS/MS) JEIIE M 259K )%, L a5 S50 4y
FIFIEE. 85R 2 MRk ] B 2% IR s R AOkiAE, 34594041, Cur-SLN Hl Cur-MC [P KLAR 5 A (184.3 £
7.9). (4153%10.3) nm, {HAIHN (—48.1£0.9). (-16.4£04) mV, Cur-SLN F Cur-MC 7] 5 25 85 K AR SN B 2 R
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glucuronide, Cur-glu), SiFE#EEEK (free curcumin, Cur-F) ZHAHLL, 2 BKEZFERHIFIMZR LTI (AUCo-). &
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Abstract: Objective To investigate the effect of solid lipid nanoparticles and microcapsules on the characterization of curcumin, and
qualitatively and quantitatively study their pharmacokinetics in SD rats. Methods Curcumin solid lipid nanoparticles (Cur-SLN) and
curcumin microcapsules (Cur-MC) were prepared by film-ultrasonic dispersion method and homogenization emulsification-spray
drying method, respectively. And then their appearance morphology, particle size distribution, { potential, entrapment efficiency, drug-
loading capacity and in vitro release were characterized. The metabolites in the plasma of SD rats were identified by ultra-high
performance liquid chromatography-tandem time-of-flight mass spectrometry (UPLC-QTOF-ESI-MS/MS). And then the plasma
concentration was determined by ultra-high performance liquid chromatography-tandem triple quadruple rod mass spectrometry
(UPLC-ESI-MS/MS) to compare pharmacokinetic parameters and bioavailability. Results Both methods can significantly reduce the
particle size of curcumin and make it evenly distributed. The mean particle size of Cur-SLN and the Cur-MC respectively were
(184.3 £7.9) and (415.3 £ 10.3) nm, and the { potential were (—48.1 + 0.9) and (—16.4 = 0.4) mV, respectively. Cur-SLN and Cur-MC
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can increase the in vitro release rate of curcumin from 51.12% of suspension to 87.79% and 83.02%. The plasma metabolites of rats

after ig are mainly curcumin and curcumin glucuronide (Cur-glu). Compared to free curcumin (Cur-F) group, the pharmacokinetic

parameters of area under curve (AUCo-) and maximum concentration (Cmax) of experimental group were significantly improved. And

the relative bioavailability of curcumin and Cur-glu of Cur-SLN was increased by 4.31 and 4.63 times, and that of Cur-MC was

increased by 3.19 and 2.73 times, respectively. Conclusion

bioavailability of curcumin, and Cur-SLN is superior to Cur-MC.

Both formulations can observably enhance the oral absorption

Key words: curcumin; curcumin glucuronide; solid lipid nanoparticles; microcapsules; pharmacokinetics; film-ultrasonic dispersion;
homogenization emulsification-spray drying; UPLC-QTOF-ESI-MS/MS; UPLC-ESI-MS/MS; bioavailability

LW NEFHEYZE L Curcuma longa LT3
W=, EEFSLENFEEEERSZ—, &—Fh
DL 1,7- 205 B P i N A B B ) 2 Wy R a4,
HEWMEPLA. brafe. buME. HFIRE, fk
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LA RN, BT 92 B T B 245 450 & it =
o 28T, HTZEFKEWZE. DRRD> . '
I RN R AR RIS R e (1011, e i [GR ) HG
ISR 572 I k. Rk, BT RS 25 R4t
TER A2 S 702, DU S22 53R HIR
WAL, Rl iR Z R I TR

& {8 Ji 4K 7 (solid lipid nanoparticles, SLN)
A& LLRIREA BRI A R B A 3 ), SR FH e -
A LA ZE R AR AL e e 350 o S i £ T
%, A EAR A R P 25 B B N R T R IR A
W ORI TE 1~1000 nm (1[5 25 R34 TR
PR RHEER. AHREG. METRETE #
O B AE R IRELA B 70T PR BE R
T RSB AT 275 1 B P T 1 24 2 TR ez 115160,
IX 2 el 77 77 S R A v A PR b S 2 4 5 AR IR
B defl, $Rm2imiis e AT, SN
PR PRI RN, & BT R XA
VIR AR T B

AT 5T R FH B - e 3 O ) % 22 0 R [ 44
Me Kl (curcumin SLN, Cur-SLN), FXMHIH
FLAL -5 55 - Rk ) 4% 2 3 R R % (curcumin
microcapsules, Cur-MC), il b 2 i 22 5 2 il 77
PIBEARAER SD KRN 248247 N, LRav i
2 MR, SR mEE R AR ERER,
RNZETR IR IR B AR
1 UESHR
L1 %8R
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&, T ZAEMRHEARAR: TX-10 B EE
ARSI AL, Bk ATS HIRAF]; B-290 Fimg
5 F#EML, Hiit Buchi AFRAF]; Regulus-8100 %Y
Yy RS B (SEM). H-7800 BUiG 5T H
FRAEE (TEMD, HAHSL/AH]; Litesizer 500 Y
WOGKRIEEAY, PHA] Anton Paar /A ; Ultimate 3000
R WO TE A, 32 Thermo A]; 3HI6RI %Y
AURE LI, B HR A A PR A F] s QL-901 B4y
WEIRAHL, HARDURIZR AR DN-12A BIEIRAL,
LB A IR A ] ;. X500R QTOF 7 Ji 1443
Triple Quad™ 3500 ZYJ5ii{, 3E Sciex A7l;
UPLC LC-30A B w0 (i A, HARREA
Fl; Acquity UPLC H-Class 24 = 0GR AH EL A,
& [ Waters A A o
1.2 @5

LR, JREDE=95%, #tS C12811019,
HETEMAEMREARAR; ZHENES, HE
I H=99%, 'S 201902AD, RS BA MR A
B A FE] s DERE X, 5 DSTDMO003802, Jii &
I3 E=98%, A S AR AR YIRS A PR A 7 5 Cur-glu
XTI, % 96.63%, fit'S LY-CH-20220217,
N AR A IR AR BRRE . K I
A BT IR 2 ILAYER-80 oK B, Sriiral,
FSCHR T BB A0 2 i A BRA B s BUbp I B AR R AR R I
FEMGEIRHRVER BN PRI, A, Wi —
WAEMRIE A RAR; 6. BEMFAR, faika,
F#I[H Sigma A F]; iBiE (reverse osmosis, RO)
K, S Shik PLUS-E2-20TT 4l /KL%
1.3 SEIeEn)

SPF 2P SD KE, 6 AW, 7R & 200~220
g, WA ARSI S BR A /], SERR B
YEATIES SCXK (J11)2020-030. 4 FR IR IR 20~
25 °C, MIXHEREE 40%~50%. ShH0s256 il b e
ARG E A SbrdE, CHERAES SYXK
(1D 2020-124.
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2.1 Cur-SLN. Cur-MC g$|&5TZxitt

2.1.1 Cur-SLN [iil#&  FREL 0.6 g ZHRIET 35
mL AR, R, A 2.4g REIBEARM 1.2¢
WENERRIA T 50 mL & HkE, # 2 PR G
5, T 40 CARKMTEFHEZAKBRZAIIER], FifkE
TE RIS SIS, TN 60 mL 1%5 111 BLHE-80 ¥k »
#E 40 min, HIfS Cur-SLN JREHI,

2.1.2 Cur-MC Wil FREL 2.0 g W EM 0.1 g
PO M BR R MBI RIS V4 T~ 20 mL oK 2%, 68 A VA M,
T 50 COKIHEAFERIEN], 19212 FZ-Puh Mg

MRS SR, PEL 4.0 g FrFEBEIIRRIE N AN
3.0 g Z2FMIKE, T 50 mL RO /K, 65 C/Kif
PEFE M, WHIE 40 °C, IMAFEEE, BL 6000
t/min =R AL 20 min B E|YIFL, 100 MPa &k
Ji 5 min, ¥JFALEW S TEAAE G XGRE N
195 °C, HXIREN 95 C), EIFE Cur-MC [EH
;'{[18-19]o

2.1.3 2 Fifil# TZERXEE  Cur-SLN Al Cur-MC
filg T2MXT kAR 1, HA, fklaR S5 &K
WINES % GB2760-2014 (£ &2 4 FE bt dh
ISR FFRUHED FHE o

#1 Cur-SLN. Cur-MC H&ILZRIFTEL
Table 1 Comparison of preparation techniques of Cur-SLN and Cur-MC

i H Cur-SLN Cur-MC
il & v RS A B o P 380 I -5 55 - Mk
REMEES  HTNHARN EEREEL R R RIRL BE % TR

SiRE 2 BT

gkg ) K CErdhBCRE H & 2R m)

PO CRedn TR TB0, SR EATIRE). —® LB (RETAMTIA, KEEATRE). K (R,
Mgt CERmmIALS S, AL, &
(hZLEE-80 R, i R i 200 B i

AP FHERM)

0.5

FLAIEE KR (RAECE, 1R REE R A PUR MRV (RIS, B RS BRI 0.2

B CRaRaRIng, podh b R SO 1.2 gkg™

gk FRAEIARIERM CRMBIMA, LA FEEE
FERD MRS (IR B4 HEE R

2.2 HPLC EME Cur-SLN 1 Cur-MC FZEEE
221 MR EIS K “2.1.27 TUR %1
FIH) Cur-MC #2811 25 I\ RO /KT HE AR,
33| Cur-MC & JFEF % 52 B Cur-SLN 1 Cur-MC
HEASL 1 mL BT 10 mL &, AR
HERBZE, A, FWEWIEARER 1 mL &
T 10mL &M, INOKEER, £ 045 um WMALIE
Mg, RIAS A VA
222 ik iy YMC-Pack ODS-A 4y
ke (250 mmX 4.6 mm, 12 nm); VAN 0.1%
IR KVETR-2. 5 (52 1 48); AR 1 mL/min;
FEIR 30 C; KK 425 nm; HEFEE 10 pL. 7
R, EE R ORI RE, LT,
LR
223 ZMERRFEHR KERIE TR EE
FEXTIE A EE, T SomL 2fE, ISR ERERN
443.8 pg/mL )22 70 R A 2T
WZmEMABE R, BH R REIREN
177.50. 88.75. 44.38. 22.19, 11.09. 5.55 pg/mL ]

TR VAW, H% “2.2.27 TR ik SR RE I 2
DU B RS AR (X, WETRIRRCA AR R (V) 33k
ITERMEENE ST, FEIETFEN Y=1430 5 X+
2.047 3, R?=0.999 2, ZERFJHZEE R 5.55~
177.50 pg/mL &4k R RUT .

224 FEEERE BUREWREN 44.38 pg/mL )
X RE VTR, IESEIE 6 IR, I FKIEHANM RSD
N 1.T74%, R\IHREHE R

225 FEMiAE B Cur-SLN fl Cur-MC, #%
“2.2.17 TR J7iEAbE, 235l £ Cur-SLN 1 Cur-
MC A, TEIRME 0. 2. 4. 8. 12, 24
h JEEEREIE, S5 Em RGN RSD 7
1.32%F1 1.45%, RAMLKSIEHAE 24 h WERENE
R4f.

22,6 HEMAK 709 H Cur-SLN #1 Cur-MC,
FZHR “2.2.17 BT FATH#5 Cur-SLN 1 Cur-MC
B TEWS 6 Uy, HPLC VB EE RS E, 45
BEIR Cur-SLN Al Cur-MC 1 R 581 RSD
3N 1.83%F1 2.24%, RKUZEELMRIT.
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2.2.7  AEEERRLE 25 Cur-SLN F1 Cur-
MC EJRA% 0.5mL, BT 10mL &), LAl
R TEN 50%. 100%-. 150%0 N3 & X}
MRS, % “22.17 TURNVEAHE, MEEHERY
&=, WHEECE, 43R ER Cur-SLN. Cur-MC [#°F
BIIEE [EISR 23 598 99.68%- 98.69%, RSD 43l 4
1.15% 1.27%, RIHZIIERERE BRI

2.3 Cur-SLN #1 Cur-MC By IRRAE

231 MBS E WEHRRERZ. Cur-
SLN (£ THEAF) . Cur-MC & &, {# B BRI
WO FERBIRE M B, REZ RN KRG & RPN,

Cur-F Cur-SLN

FENE RN 15 kV 1) SEM R W& AR, A
LW RERIZS. Cur-SLN f1 Cur-MC EJEAE &,

I RO JKHFE 30 F5f5, 0078 o BB (1) A )L,
K 1.0%EAS IR 71 4% 2 min, EFEBRT, 7E00EE
JE4 120kV 1] TEM I IR0 . SEM 45 %
L 1-A, ZH R EZG 2 FIREEUIRES &, Cur-
SLN Z &t REMAINIER, Cur-MC £ 2K
FeH IBBRIR, Cur-SLN Fl Cur-MC AR5 T8 &
e R IAAAE, RIALE RZAAERE UL TEM 452
W 1-B, 2 & (free curcumin, Cur-F) JoiE
B, KEZRERH, 2AAY), Cur-SLN £ERIR, B

200 nm

200 nm

Cur-MC

1 Cur-F, Cur-SLN #1 Cur-MC K SEM [§] (X2500,A) 5 TEM [& (X50 000, B)
Fig. 1 SEM image (x 2500, A) and TEM image (x 50 000, B) of Cur-F, Cur-SLN and Cur-MC

A%, Cur-MC EMFERIR, SMZ0T W FEEELER, AH
BT Cur-F, Z“HPTHEENE], TREFEINR.

232 KifR. ¢ HAZMIE %R 2.1 BURJTVE
#4% Cur-SLN Al Cur-MC, #% 3 #it, RO /K¥filfiRE
30 £, Wl5E Cur-SLN 1 Cur-MC & JEFL IR 422y
A J2 ¢ Ao Cur-SLN Fl Cur-MC 8 R FLIRLEE 73 A
JLFE 2-A, Cur-SLN [°F#%i42 4 (184.3+7.9) nm,
LM HeH (polydispersity index, PDI) Jy 0.223 =+
0.036, Cur-MC &R AN PR N (415.3£10.3)
nm, PDI 4 0.18140.030; Cur-SLN ! Cur-MC &
JRFLI ¢ Mz Am WL 2-B, Cur-SLN [ ¢ AL
BIME N (—48.1£0.9) mV, Cur-MC & AN ¢ Az
FIME A (-16.410.4) mV. HIAELRATH, Cur-
SLN & & A2 E LT Cur-MC.

/\ |

101 1000 10000 1 ] 1000 10000
RifE/nm
*200 *100 100 —200 *100
¢ HA/mvV

2 Cur-SLN (I)» Cur-MC (II) BRI 9% (A) 5 (&
i (B)

Fig. 2 Particle size distribution (A) and ¢ potential (B) of
Cur-SLN (I) and Cur-MC (II)
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233 HAHE, HLARMNME %R Cur-SLN
Al Cur-MC BEJEH% 2mL, B THEBIEE 0%, 8000
r/min B0 CELOEEN 9.21 cm) 20 min, BUEEJE
W1 mL&T 10 mL &, MIEERZRZIE, W
SENF B H R M S E W we); 7L Cur-SLN Al Cur-
MC EJEAL 1mL, % “2.2.17 W5k, K
F HPLC £l e £ RN &' (W), A
KMy H. LM%E, Cur-SLN Al Cur-MC a3
KM R RNE 2, Cur-SLN Al Cur-MC [
I s E RN (9233+1.04) %A1 (97.79+
0.45) %, “FIIEAE DN (10.03£0.40) %Fl
(19.97£0.12) %, Z5REH], Cur-MC [)EEZH
KT Cur-SLN.

=W 5= W )/ W

A=W o= W s (W st W o — W i)

%2 Cur-SLN # Cur-MC KIBHEMHBHE (X+5,n=3)
Table 2 Entrapment efficiency and drug-loading capacity
of Cur-SLN and Cur-MC (Xt s,n=3)

kS it/ /% BAR%
Cur-SLN 1 91.1940.56 9.59+0.25
2 93.2340.62 10.14£0.31

3 92.5740.60 10.37£0.11
Cur-MC 1 98.30%0.26 20.10£0.05
2 97.4310.24 19.880.06
3 97.64%0.29 19.9240.09

2.3.4 Cur-SLN Hl Cur-MC 7£ /K i fift FE 5 5
K P75 %%¢ Cur-SLN. Cur-MC FIZ 8 R JF R
e K TR . B/FREL Cur-SLN. Cur-MC #ll
LWERRIZSE, 2 RO KiER, Bt
WRAET, T (25+2) CHEPEEM, BB W-Tir,
BRI TEW, BR2.2.17 0 PR S 4 0.45
um FEFLIEESERE, A HPLC V5 E 2 i & s
25, Cur-SLN 1 Cur-MC 7E/K i 32 8 Z 1A il
FE4R R (0.2340.02), (0.174£0.01) g/L, T2
RIFRIZE K JLEA, HPLC i3 32 R,
Tabanelli %520V 50 K L2 3 R IR MREEZ) N 11
ng/L, FH] Cur-SLN. Cur-MC 7] B EF R mE W RN
K.
2.4 RINEAMERERNER

K HIEMTI:% %2 Cur-SLN Al Cur-MC [F)B: 24 %7
M, PAE 40% AR B SR K VE RO i, R
N (37£1) °C, ## K 150 r/min. #5%5 &/FREL Cur-

SLN. Cur-MC FIZm R FEZjiE&E (LR R T ED
N5 mg), MMAFERBNIRSG, 35T
SEERLFIIENTAS R 20 F i & 12 0000 P9,
BT 200 mL BB, T 1. 20 3. 44 64 8.
10, 12, 24. 36. 48. 60. 72h 43 HIHKE SmL, IF
RO ANFE A A5 5 mLHPLC VI E i K& &,
THH BBURCR, ShlRIMEZiih L.

GEOLE 3, LR R ERIZTE 12h WIRIERZ,
I JE RIS BT 25 R BETE B AR, RFRR IR
9 51.12%, XA[RER H T EHRIBER T EER T
LKL S AFAE, SR I 4 Al i AR,
M LA Y o 17 Cur-SLN Al Cur-MC 7£ 72 h N 254
SRR N 87.79%. 83.02%, i 12 h B
Wk, BRI BN 68.69%. 59.73%, & TR
BEMT B, XAl Re IR A D B R L E R AR,
12 h JEBRZERWNE, B TREMEB: RAEH.
— 2 A1 Higuchi B 251804 Cur-SLN. Cur-MC {4
ANBRZGAT NEHT NG, R 3 AR AR R 7%
H—JBBA, Cur-SLN HIL& RN M=
83.911 2 (1-e 11551 (R2=0.987 4), Cur-MC 13,
ETTFEN M;=76.894 8 (1—¢ 0-1094%) (R2=0.986 6).

2
30 —T 11—
— 1 A
s
2 60
5 3 : i i
"
HEZ 401
E&
i —a— Cur-F
201} *— Cur-SLN
—4— Cur-MC
0 12 24 36 48 60 72

t/h
3 Cur-F.Cur-SLN # Cur-MC H{F5MEZfIZ (X £,
n=3)
Fig. 3 In vitro release curve of Cur-F, Cur-SLN and Cur-MC
(Xxts,n=3)

2.5 AT, MHERESTHLIE

¥ SD HEPERRBENL A 3 H, HH -8 H. R
F RO /KFiRE £ & FEIZ) . Cur-SLN Fl Cur-MC,
1% 200 mg/kg IS 2578 (LEEHRRSE), 34
K29 ig Cur-F. Cur-SLN #1 Cur-MC J&, T45%4
J5 0.5, 1. 2. 4. 6. 8. 12, 24, 48 h ZRIEJ5
K AEfL 0.5 mL, (FEE T 1% =42 £ /K By
DR, T4 C. 10 000 r/min &0 (EOKEN
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8.5cm) 6min, MU LiEHW, —80 CUKFETRAEE
2.6 ERREZINEREE (EEDD
2.6.1  IMHFESPIAEEE B9 AN R A IR 50
uL VES A, A 2mL ZEUEEA, RIEEY
2 min, 10 000 r/min &> (FHLFREN 85 cm) 6
min, B EEHNAE, T30 CEAKT, A 200
ul BEE, WRERY 1 min, #8F AL 2 min, 10000
r/min &0 (BEOF4EN 8.5 cm) 3 min, B EIER
BEAT R
2.6.2 UPLC-QTOF-ESI-MS/MS 43 #7214

(1) tigk & F: i Perkin Elmer Cis 737
o (50mmX2.1mm, 1.9pum); BTN 0.1%HF R
IKIEW-C G BREETEML: 0~3 min, 10%~30%Z.

AT
0 3 6 9 12
t/min
149.072 6
AT
217.0678 367.112 4
173.062 5
0 100 200 300 400
mlz
A-TI o o
IR RPN N _,’-_:\ _OCH;

Ho~ " miz367.1124 \4:»’ ~c

| / \ o OCH;

HiCO. o~ \\,, " = I‘"-;
I. 1 mlz 217.0678

Ho™ miz 149.072 6

G
H
m/z 173.062 5

f&: 3~6min, 30%~50%ZM5; 6~9min, 50%~
70% M s 9~12 min, 70%~90%Z. M ; 12~13 min,
90% M 13~14min, 90%~10%Z1E; AR E
0.3 mL/min; F#:if 35 C; MK 425 nm; 3EEE
= 5 L.

(2) FikscfF: HBiIZE T (ESD; T
B, B TURIERE 330 C; AR 172.369 kPa (25
psi): B TFALHE-4500 V; B FIESE 1 344.738
kPa (50 psi); 5T YRS 2 344.738 kPa (50 psi);
filf 3 S 48.263 kPa (7 psi)o

2.6.3 FHENLHARW™Y) Cur-glu BIFTERMS

gitgssE 2R NG Cur-glu HFIHEELE
T RS E SHEN R RER LE 4, BE
B-1 ‘\
l\
6 T T é T T |6 T T |9 T T 1|2 T 1
t/min
Bl 543.196 5
217.068 1
175.0213 367.116 7
113.0353
173.063 6
‘1490 14
(I) l 150 3(I)O 4%0 6(I)0
mlz
B-III o o
Hjc‘o\ . A _OCH,

I m/2543]965 T [

IIO Jﬂ\ OII
HO

OOCﬁ ~07 H;CO._ \ ,":\ _OCH;,4

HO-_/- ]
Ho L2 mliz367.1167 LA
miz 175.0213] . Ho o~ ME “ 0
-CO,
-H,0 / \
(} () OCH,
HC-— HyCO o~ /f’? & Y -
Lr=4/-0H -\ -
=l o U m/z 217.068 1 o

m/z 113.035 3 m/z 149.071 4

l -Co,

T

m/z 173. 063 6

B4 ZEHZE (A) 5 Curglu (B) HEBEFR ). Z&FE q) MAMBEFESH A1)

Fig.4 XIC chromatograms (I), secondary mass spectrum (II) and fragmentation pathways analysis (IIT) of curcumin (A) and

Cur-glu (B)



* 1392 «

FED 2023F3H $543% B5H  Chinese Traditional and Herbal Drugs 2023 March Vol. 54 No. 5

RIMAE G M, ZEANFETEFETAH
[M—H] m/z367.1124. 217.0678. 149.0726, Cur-
glu FFAERE 78S ¥ N [M —H] m/z 543.196 5.
367.116 7+ 217.068 1. 255 HE il (1) 4R fIE 22 A o 15
B b4, RKRIMEAREHEHZERR
B oy Jo G 11 AH 3 ) Bl R AR L 74 Cur-glus
2.7 MRPIMZEREMEN CEEHH)

2.7.1 XIS AR R I HI IR RS
H L Cur-glu % FEGAT S 2R 0 I & &, RS RR
JE , WIS AR, BO] B2 38 3 1 45K (63.40 pg/mL) .
Cur-glu fi# 8- (425.50 pug/mL) A A A5l 4578 (32.34
pg/mL). ZrEUEEE BT Cur-glu il & U B
R EIRE N 0.20. 040, 0.79. 1.58. 3.17. 6.34.
12.68 pg/mL (1) FR 51 255 0 S A VRORT 0.83.3.32,
13.30. 26.60. 53.19. 106.38. 212.75 pg/mL ] &%
Cur-glu X} HE LA ZE R Cur-glu B ER T
s S AR E 58 10.144 2,034 0.40 pg/mL
A1170.20. 17.02. 1.70 pg/mL.

2.7.2 IMHFFEMPIAEE B 210 pL M3, HIA 20
ul AR (3.23 pg/mL), WREIRY 2 min, #EH
ALFE 1 min, I 1 mL ZFEUTHEE A, 10000 r/min
(e B0 (04N 8.5ecm) 6min, B EEA
WA, T30 CZEAWT, A 100 uL HEE, e
PR¥% 1 min, HELAFE 2 min, 10000 r/min &L (5
LN 8.5 em) 3 min, BY EIBETRAE .

2.7.3 UPLC-ESI-MS/MS 43 #7 %&1

(1) B @ik H N Analytical DB Cis t&
R (50mmX2.1mm, 1.9 um); WMsHAHN 0.1%H
FRIKIETR -G, BEEELERE: 0~2min, 5%~30%Z
& 2~3min, 30%~40%ZME; 3~5min, 40%~
50%Z.fE; 5~7 min, 50%~95%Z.fE; 7~8 min,
95%~5%Z M 8~9 min, 5% AR E 0.3
mL/min; i 40 C; RMPEK 425 nm; #fEE
S uL.

(2) JFigk a6 BSIUE; el &1
JRIREE 330 °C; AT 241.317kPa (35psi); BT
T HE-4500 V; & FYR SR 1110.316 kPa (16 psi);
B FURAAK 2 124.106 kPa (18 psiD; Mf# 4k 48.263
kPa (7 psi); EESHTINE T RN NEER m/z
367.1—217.1, filif#RE—20 V; Cur-glu m/z 543.0—
217.1, HEERE-27 Vs ST m/z389.1—>226.7, fil
HRE-15 V.

274 JjikiEEsR

(D LEM: HEEZHE. Cur-glu ML
Xof BRI VRO N 23 LR b R AR AR R, 7E
%2 J MY (multi-reaction monitoring, MRM) 15
AT, X E A RS AR 2R A S
S5 2 AH IR i 0 S P, 1 e i iR B R JE
ZERILE 5, 2 MRS AR L2 TR oAl
T, H 2RI A 20 R s i YR PE T, 3R
B i iR R B R 4T

(2) &M RAERGEER: W 210 uL MK,
IIN2.7.1 750 R R 5 S AS 10 pl, $542.7.2”7
TR IR0 P, 45 53 ) E 0.024 0.04. 0.08. 0.16.
0.32+ 0.63. 1.27 pg/mL A 0.08. 0.33. 1.33,
2.66. 5.32. 10.64. 21.28 pg/mL Cur-glu PA X 3.23
pg/mL BEH AR MRAE &, DRI S bR
VT AR LA AR AR bR (X0, REIIAI IR R fE iR
RNYPAFR (V), BHATERYERIAHT HEEERER.
Cur-glu Xf I VAR BTRE, % “2.7.27 TR 7%
AER SRR E, DMEMEELA 10 M EIREIE AN
EEMR. FRZERRMARMEMLER TN Y=
0.088 6 X—0.025 0, R2=0.995 1, FHIZE LKA
0.02~1.27 pg/mL MR RRL, E2RA 19.81
ng/mL; Cur-glu FARAEZE HA77 A Y=0.140 3
X—0.065 8, R?=0.998 8, *H Cur-glu 7£ 0.08~
21.28 pg/mL MR R REF, &R 20.78 ng/mL.

(3) KE 2 FE SUERAE: B 210 pL 25 A I3 A1 10
ul JREEIEW, i “2.7.27 TN 703, )4
Hy AR 3 ANREWRE SRR (EER: 1.01.
0.20. 0.04 pg/mL; Cur-glu: 17.02+ 1.70.0.17 pg/mL),
F IR PATHI & 6 47, 43 HIE 1. 3d PIELL
E, SR 3, FRAN0)H ARG AN H (AR %
BE/INT 15%, HERAEAE +15%AN, FFE2EPRE
AT SR, T E A TR R R 22 3 2K
Cur-glu )& 8N E .

(4) IFERICRFIIE R N : 4% “2.7.27 TR
TR BRI = S R R B TR (AD;
B A% “2.7.27 BUR 7240 28 B s,
90 uL _FiEWOINN 10 uL im0, & & .
MBI B TR AE S (B); HUH B 4% 5 s i
SRR E R FIEER (. HH A5 CH. B
5 C TR LA, 23 700 B 5 [l fSe S8 0 2 o 2
Bio ZH RS EIREMNBEN 89.65% ~
96.27%, RSD /N 9.34%, FEJFMN N 86.28%~
97.52%, RSD /N T 5.68%; Cur-glu -5 &34 5 1) [1]



FED 2023F3H $54% BS5H  Chinese Traditional and Herbal Drugs 2023 March Vol. 54 No. 5 * 1393 -

ES Cur-glu BERTF(S)
A MRM (m/z 367.1—217.1) MRM (m/z 543.0~217.1) MRM (m/z 389.1-226.7)
B
C
E
;‘\‘- ,f
' |
|
i Hf',,,‘,,fﬁL .
0 3 6 9 0 3 6 9 0 3 6 9

t/min
A-FAMEK  B-2FAME AT (EHEK. Cur-glw) FIASR (BEH)  C-Cur-F 45255 2h BIMAEFEG D-Cur-SLN 45 24)5 2 h i LIRAF
E-Cur-MC #3245 2 h (¥ L3R i
A-blank plasma B-blank plasma spiked with curcumin, Cur-glu and loganin C-plasma sample after intragastric administration of Cur-F = D-plasma

sample after intragastric administration of Cur-SLN  E-plasma sample after intragastric administration of Cur-MC

E5 ZHZHR. Curglu MDSHHFNRNETFEIEE

Fig. 5 MRM ion chromatograms of curcumin, Cur-glu and loganin

#3 ZEREM Curglu IEA. BENEEEIRERE (X+5s)

Table 3 Intra- and inter-day precision and accuracy of curcumin and Cur-glu (X £ s)

p— JREA S/ HA (n=6) HiE (n=3)
(ngmL™")  PHME/(ugmL ") HEFIEE% O KEEEE/%  CPIME/(ugmL) O MERE/% O RS/ %

LHWE 0.04 0.041£0.004 2.08 8.68 0.039£0.003 -3.33 7.47
0.20 0.205+0.008 2.50 4.12 0.204£0.009 1.83 4.46
1.01 1.03340.031 2.24 3.02 0.990£0.032 -1.98 3.27
Cur-glu 0.17 0.172£0.011 1.47 6.43 0.176£0.007 3.33 4.00
1.70 1.727£0.076 1.57 4.41 1.65340.081 -2.75 4.89
17.02 17.1974+0.333 1.04 1.94 16.823+0.631 -1.16 3.75

R 91.73%~98.15%, RSD /NT6.96%, H=fist  FiiEtEm & 6 4, 7l T =ik fiEf7 6 h. —80 Clfiff
NN 90.59%~97.36%, RSD /N 4.21%, fF&4Y 30 dv —20 CE=EREEHRRE 3 WadtEEar, i
T ity 3 B [ AT 2 A0 358 ol 20509 P 5K BB ERE, TR, KRR

(5) famt: PATHIG R, P RAEIRER WSS 3 NMRREREFZEF R Cur-glu FIEFE



* 1394

FED 20236F3 8 $54% B5H  Chinese Traditional and Herbal Drugs 2023 March Vol. 54 No. 5

vt 52 AR 8 1 ) HE AR 2 9—6.57%~1.53%, KJHFa
SEME B HERR B N—6.21%~2.34%, RRRFa e M e
WhE N—11.89%~0.56% . WEHfEAE +15%70
N, REAFESARE ML, 564 ER,
275 MRNZBFHR B Cur-F 4. Cur-SLN 4
AT Cur-MC A IMHFFER, B “2.7.27 TUF 7kt
S AT S B , o) i 24 3 -1 ) it 26 L 6,
K H PK Solver 2.0 HF ] Fr A5 £ AT 4E b5 2 A5 Y
BEAT T, HEASHAAHRINZE S5, XS
BG5S HUN ] SPSS 26.0 FEATHSLFEA ¢
K, 4R 4.

5 Cur-F 44MEE, Cur-SLN 15 Cur-MC #1%%
TR HEIEIR . (Coax) 7731 (0.20£0.01) pg/mL
BEREZE (0.51£0.05). (0.4640.05) pg/mL, H
KW (hp)s PRI EE A (MRTo-) EEFIEK,
IEVERSTA] (fmax) EH 4 h $2ATE 2 h, HXTAYFIH
B RIERE T 431 M1 3.19 1%; 5 Cur-F 414HEL,
Cur-SLN 205 Cur-MC 4 Cur-glu 1] Cmax 775 H
(3.78+0.54) pg/mL BEREESE (17.8111.62).
(9.31£1.05) pg/mL, MRTo—o & /1, Cur-SLN 21
)t WEEK, T Cur-MC HI) 1, HITEK, H
TR TR, AR A PRI B 43 33 4.63
A12.73 £,

3 e

LZHRENPHZEEEFENARR, 4

A 0.6 1

—=— Cur-F
—e— Cur-SLN
—&— Cur-MC

16711\ —a— Cur-F

17 —+— Cur-SLN
: —— Cur-MC

o s 16 24 3 40 48
t/h

E6 iglEAKRMPTPERE (A) M Cur-glu (B) HIMIZHR

E-BfEfZ (X£s,n=8)

Fig6 Concentration-time curves of curcumin (A) and Cur-

glu (B) in rat plasma after ig (X +s,n=38)

x4 ig GARMPBHEEEFN Cur-glu NZAFIFESH (Xts,n=8)

Table 4 Pharmacokinetic parameters of curcumin and Cur-glu in rat plasma after ig (X £ s, n =38)

S5 WA EHER Cur-glu
Cur-F Cur-SLN Cur-MC Cur-F Cur-SLN Cur-MC
AUCo~+  h-ugmL™! 2.63+0.18 10.39+1.04™ 8.77+0.91" 49.50+4.83 275.97+27.93" 187.271+27.94™
AUCo—»  h-ug-mL™! 3.48+0.22 18.48+2.04™ 14.60+£1.82" 51.05+4.89 287.56+30.38"" 190.56+27.81"
MRTo h 31.88+1.83 59.36+2.15" 52.11+3.77" 14.4340.30 16.98+0.22* 15.53+0.24™
fin h 24.65+2.85 4442+1.62" 38.93+£3.42™ 9.27£0.50 11.36+0.30™ 9.4610.42
Fmax h 4.00 2.00 2.00 4.00 2.00 2.00
Crnax pg'mL™! 0.20+0.01 0.51£0.05™ 0.46+0.05™ 3.7810.54 17.81+1.62* 9.31+£1.05"
CL/F L-h kg 57.69+£3.92 10.93+1.18" 13.88+1.68" 3.95+0.38 0.70+0.08"* 1.07£0.16™
5 Cur-F 41LL#: "P<<0.01
P <0.01 vs Cur-F
ARz ek, B, KIERAEM™ R RE .

b A5 QTS FL 7 R H 2R B I0, SR 2 ) I g R
ZEs RN T BEARAEGRIG, R A TR
H5NA+2AREY, P, F5KE R mEHEEK
TEVE R A A T RE R 5V R S 2 3 3R b R e i

K FH T R 75 7 B ) 15 20 Cur-SLN
Wi [RS8 — . sy Ai¥ 5], RiARAE 200nm 245, 7]
BRI R ALK R SRR, ROMRRZIAT R
FFE—RRRAA, HA—EMERR; SD KR
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2525 Cur-SLN J5, M TS ZEME, MK hEE
= HE PR RRACWY) Cur-glu INZGE%S8E T
BERTE, TR O RARXS AV B &

431 1%, Cur-glu #5 7 4.63 f5. KFHHFAAL-BE
ZTHRER R Cur-MC SRR ey . FekE
ToR AR a4, SR FURARAE 400 nm 7247, A AR
SR KK, WOMEAAT NIERERT & — B
2R H B SRR DR4AZ )5, SD K R 3%
HEE R Y Cur-glu MR FZH 8 Cur-F 4
BIRER S, MR E SR m T 3.19

2.73 fi%.
W 25 R igiE B s e R, A2
AT

YR A4 (biopharmaceutics classification system,
BCS) R0 3 1 TR ML L BB TV 26
24, ZEEAKEMEE, UL, RS2 A4 &
H R Ia AR AR S5 & BB 25 /P2, TS B H ik
IR AR, 25000 LR A% . Cur-SLN A1 Cur-MC
IS PR 2 B R WOR R AR IS BIGK 2,  SEhnE SR T
N, PRE ALK VAR, IERe iR m R b
11 H R i R 1, (Rl 1 i WS AL
PRAEIR, MM HEm 22 5 R 0 IR R I BE s 4L,
Cur-SLN (1) R TH& 175 T #ik] - P-Wl 2R 1 ) A HEIE
H, BRSSP ARASE B3 A T L BE RURE (23241, gk
— B REmEER NP L.

2 PRI 7V 35 R S v 2 B R A A B
PRI EE, oA, Cur-SLN [ 48 77 v 47 S 4,
XTSI TR A, AHZIT R A, &
R REAE R BRI, AFEA VIR ER R, 24t
HMECLORIE, H#EZERUC,  H i L SL il #o™
it (R R P AC A 77, 2238 T T SRR = B B ) /e
Cur-MC 1] £ 18 FH 7L AP R s A (A ) < S i
BEIAMRVE R AN E DU BERS, i LA 2P i LAk
FE MDY, SRR, MmN AR K,
WAER R, HAMRRE. KA. s
W TAEEEIL S, HWE 55 T IRE R i . AR,
Gy T SEIL T H ki 8 A p= 125201,

Zx FRA, [ R 5T N KRR IR S35 R 5 25
G W B K A YRI R, B AR B gk
RIIEOL T U 2E, & H AT s = 40 kg r ik,
BT HARN 2 SR R BRI 2 N &
RIRR I, IO — P B 4% U7 DU B8l A R
IR . L RURER R 2 2w,
iR, ARG L2 LA VRS, T SE4F

W 2 R I AR R
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