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Study on the absorption-enhancing effect of self-assembled nanoparticles from Shaoyao gancao decoction
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ABSTRACT OBJECTIVE To investigate the effect and mechanism of self-assembled nanoparticles from Shaoyao gancao
decoction (SGD-SAN) on the intestinal absorption behavior of its main active components. METHODS SGD-SAN was prepared
and characterized. Using an in-situ single-pass intestinal perfusion model in rats, the absorption characteristics of five active
components (albiflorin, paeoniflorin, liquiritin apioside, liquiritin, glycyrrhizic acid) from SGD-SAN in the jejunum and ileum
were studied, with the absorption rate constant (K.) and apparent permeability coefficient (P.:) as indicators, and compared with
free drugs. In the intestinal segment with optimal absorption, the effects of drug concentration and efflux transporter inhibitors (P-
glycoprotein inhibitor verapamil, multidrug resistance-associated protein 2 inhibitor indomethacin, breast cancer resistance protein

inhibitor reserpine) on the intestinal absorption characteristics of these components were examined. RESULTS The obtained SGD-

- SAN exhibited a spherical shape with uniform sizes, an average
AEELTIE FZK A ARHEESITH (No.82260848) ; YLTT44 44

Rha 3415 H (No.20232BAB216139) 5 V174 H [ 25 e KA Bl B
PN 135T H (No.202510412257) ; VL PG48 BB A" S H ) - i )2
W BESZE A B3 %305 H (No. i At (2024169 5)

* E—EE WAL BT PRI 2 R 5. E-mail:
2386709073@qq.com

# BISVEE B AL 2500, @20, B2 S0 . OFser

particle diameter of (155.57 £2.65) nm, a polydispersity index
of 0.34+0.03, and a Zeta potential of ( —9.30+1.12) mV.
The average total content of five active components, including
albiflorin, was 12.26%, and remained unaffected by enzymatic

degradation and intestinal physical absorption. Compared with
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the free drug group, the five active components in the SGD-SAN
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group exhibited higher absorption rates in the ileal segment, with significantly elevated K. and P.r values (except for the P value
of glycyrrhizic acid in the ileal segment) (P<<0.05 or P<<0.01). Their absorption demonstrated a concentration-dependent trend. In
the free drug groups, the absorption of each component was regulated by corresponding inhibitors (P<<0.05 or P<<0.01); whereas
in the SGD-SAN groups, except for albiflorin and paeoniflorin, the absorption of the remaining components was not affected by
the inhibitors (P>0.05). CONCLUSIONS SGD-SAN significantly enhances the intestinal absorption efficiency of active

components. The above absorption-enhancing effect may be related to the avoidance of efflux transporter influence and the presence

of a mixed absorption mode.
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25 W4 7 N5 25 H ¥ 3% (Shaoyao gancao decoction,
SGD) it B AR A5t A K €18 ), i AT 5 H B4 o
s 1 1RSI Bl , B i B AR I 22 2 kTR i 2D,
Tz TIRYT & 28 2 e MR PR S5 0E T s bt
(BARE B AR AT H FRRAE SGD F 2 ih M s B
IR IR B it AT ) AR o, R AT 25 84 P oA
5 H (P-glycoprotein, P-gp ) [ JECH) , 14 PN W SR 22 , 11 AR
AR B AT 3% ~49%" . SR, 24 SGD il i 1 Ak 75
LA I, LTS AT 2450 45 o3 00 A R TS 200 fnb 25 4
FH ABAHSCAE FHBLTR 5 A B

IACHE IR BT, T B0 P o R R | H AR R
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Je Rk E T AR RS 3 M A O SR R AR VR FEE
HR , S350 %5 P-gp (1452 ) P 82 8L [m] 1) : GA I
188-GA BE AT BEM ] P-gp MY P , L AT 1S 54 P-gp AY5
PR R T S A 3 5 P-gp BRI P I AT 25 R
W™ T R R X6 A 24 W WA R e S R R A P ——
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4 AR DU AT AT 24 1 Wi, AT I, SGD H i i
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TE AT S A0 BARAE WAL i AT 2 . FE T,
AR HITE A PR ) 7 i Y, 45 5 M HF e im EE
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I W] SGD-SAN Ffie M/ FIAIL AR , b R A B fige v 2552

<714 - China Pharmacy 2026 Vol. 37 No. 6

7 BEAT B P BB 27 P e P BB A S 3R <

1 ##
1.1 FENUE

AHIFFE T B B AR LS LC-2010A AL i R AH (4
T4 ( H A< Shimadzu 23 ] ) , Mastersizer 2000 AU iOGHLE
1Y | Zetasizer Pro Y 44 > 7 B 5, 47 A ( F% [E Malvern 2y
), Tecnai G2 F30 7% 5 Hi, - . 345 (transmission elec-
tron microscope, TEM) (fiuf >2 FEI /A &) ) , 360ES 225SM-
DR (E) By H1 K (Fii -+ Precisa 22 7)) , BY-R20 % 5 3
EOHL (LA PR 28 PR B ), Smart-N B 4(1
b NG 3= 0 TR Ve 2 S /NI DR
1.2 EFEHmEIRF

AT (4145 23052506, 72 2480 56 H B R
(4522051001, 77 H PN 527 ) 4004 9 V195 352 [ R 24 ik
FABRA R VA N RS BE 24 256 N Rl E AR 2y
IS, 5300 B EPHE Y AT 2 Paeonia lactiflora Pall.
AT AR S RME Y H B Glycyrrhiza uralensis Fisch.
TR AR ZE

R R RS 245 X6 B (FIE5 PS0469, 4l i =98%) |
B 26 BE L (L5 PS1073, 41 =98%) S H B &%)
W (5 PS0234 , 2l )3 =98% ) Y41 19 iR L A= MRt
Fe A A FRAA 7] 5 AT 28 TR 6 Bt (Fit -5 PS011455, 21
JE =98%) A7 25 1 X B 5 (L5 HR249W4, 4l i =
98%) . J BH H w0 X BE S (Jit 5 HR1718W9, 4l i =
98% ) H R IR 5 (415 HR2281W 1, 4 fF =98% ) . 5+
H R R B (45 HR5423S 1, 4l =98% ) | H g Xt
T8 (Jit*5- HG236 W4, 211 =98% ) H4 1 F 38 Rt A
PIRLH A BN F] 5 4ER7 ikt B8 5 (L5 D23231220, 46
& =98%) | 5| Wk 5 5 XTI (k45 L2301081, 46 =
98% ) I i P B (L5 A2510167, 4fF =989% ) 241
F BB T A AR B A BR S A R e R B A%
(R B AT 235 3 500 Da) I [ L IRFIEIAE YR A R
O8] BEER A AL BN (NaCl) | & L 81 (KCD) | & fk 8
(MgCL) k45 (CaCl.) ik iz Z 41 (NaHCO, ) iR —
B (NaH.PO.) | H 4g BE 5240 o A 2, VB L G ¥
takal, K b B A .
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SPF 2 I SD KR (85 ), 1A 180~200 g, Il [
AT R 307 v DU A R B A A BR A w1, S 56 sh W A 7= 14
AJIF5 4 SCXK (1) 2020-0005, Fr A7 K B 44 35 T
TR I 1 Zh W) B[R EE (25 + 2)°C , AN BE 60% , %5 12 h
BTN, B REE KK, SEIR AR R S S50
SR RMC B AR, S T R4 B B 2E B S 5 B
YIS 51 2> it ad (LS NYLLSC20240408 )
2 FEEHER
2.1 SGD-SAN H#I&

FRELFIAT (5 H R 45 30 g, IR AT, A 10 1% i
7K, 1030 min, BIZE 1 h, IR ; 257 i 8 ff &K , B
A L h, BHGE & IF 2 UEW, e dn , il &l B A 245 1
g/mL [ SGD # B . HX I ik SGD $2 Bk , LA 4 000
r/min 2.0 30 min, B IERIN E BT LS, B RLRE B BT
AT 7K 400 mL Y BERR R, 25 °CF LA 200 r/min i
BT 30 min; BOH BEHTAE T AEE S, DL 13 000 r/min &0 30
min, B35 . BE LR B T80 - TR R4
fEo A2 K LW W, RIS SGD-SAN, ¥ it £4 SGD-
SAN & 5 T 1 24 h, B115 SGD-SAN %5 Tk [T & il 4 3
AR K (12.94+0.97)%].
2.2 SGD-SAN HIRAE
2.2.1 Kife5 Zeta AL

H“2.1” 51 F SGD-SAN 1 k3id i, FH/KFi BE 23
HHRE R 5 min AU, I HARAR R Zeta 7 o FE
i AT IE 3 UK, BOEIIME . 455 7R , SGD-SAN 1)
ki 4% K (155.57 £ 2.65) nm, 22 4> Bk 48 %k K 0.34 +
0.03,Zeta LA A (—9.30 £ 1.12)mV,
2.2.2 OB ML

Be2.17 51 SGD-SAN VR T-0id &t , 138 /K 4
J& T AR A N L 2 AR TS, T TEM R
SIS . 4550 (K 1) R, SGD-SAN £ ERIR H A
INBISY R AR R 50~200 nm, 5 2.2, 1735 b AR ke 2%
R—E,

E1 SGD-SANAITEM B (#:R:200 nm)
2.2.3  9FALA B I R
K FH i B50RRH 2,33 75 0 52 SGD-SAN H 9 Bl Al 4311
i, LA Shim-pack GIS Ci5(250 mm X 4.6 mm, 5 pm) A
iR, LG (B)-0.1% BRI (D) R i sh AR UEA T 1
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BEYEME (0~10 min, 10%B—20%B; 10~ 18 min, 20%B—
21%B;18~19 min, 21%B—23%B; 19~35 min, 23%B—
40%B ; 35~40 min, 40%B—50%B; 40~50 min, 50%B;
50~53 min, 50%B—10%B ; 53~60 min, 10%B) ; {1
K2R 237 nm; W A 1.0 mL/min; A3 IR 40 °C ; AL
F10 wLo FIFHRER IR ZE LB K
RN FEE MRS 2025 4F Rt rh FE 25 i) (PUER ) Y
FHEER o 341 SGD-SAN Ry H , AT 25 N1 AT 24
TR R CH R R R R R EEATZY
HHERR S H R & 8550 1.25% .4.54% |
0.97%.1.18%.0.18%.0.13%.0.10% . 4.32%.0.01%.
P L IRGE AL AT ST 5 o R 1 5 & 8 o (A5 24
PR T AT OB H B CH R CH R ) R T R £
PRI 5347
2.3 BARULE S 5 FiEER S S ENE
231 EIEFMN

ok S5 A R 2.2.37 3,
2.3.2  VEWHECH

(1)K-RZE M - FREL CaCl. 0.37 g, Jin/b&t K A v
fif% ; #REUNaCl 7.8 g . KC1 0.35 g .NaHCO; 1.37 g NaH.PO,
0.32 g . MgCl. 0.02 g FiZ5HH 1.4 g, i/ B ACHE B,
5 iR CaCLIFMIRAT I HKERE L L, 785485, B
13 K-RZZE vhifl (BBCILA) o

(2) 25 B TE TR - K-R 2 P A 37 °CJ
$o T SO R T AR A E G , WA IR, B4R S
T

(3) TR A XT HR VS < A B PRI 25 N R AT 24
T R R CH R CH R R RS &, BT 10 mL
FE T, ER R VS A O e 2 ORI O R
F4) B — St G ot BV 5 2 i) BB S R — %t B RS i T
[F]— 25 mL 5 5, FH s R O o 4%, ol Bl ol v
43949 16.38.32.32.8.19,8.08.,32.26 wg/mL (IR &%t
PSRV, 25

(4)AN[H) e i SGD-SAN i i i I 25 25 W W i I
W kG B FREL“2.17 T F SGD-SAN % T8y id& £ , 1 K-R
% PRRRR BT A 25, 43 il B A SGD-SAN 0.1,0.2,0.4
mg/mL ) SGD-SAN W #EVR o 43 A 2 R EUAT 24 PN i
T AT TR R CH R R R B R
SGD-SAN ¥ i fE 11 (1.25:4.54:0.97:1.18:4.32) 184, 1
K-R 28w B 7 25, I 5 i B 43 e o e 5 31
J12.25.24.5 49 we/mL AT ES 25 W I HE R

(5) & AMHFF iz 2 A I 09 SGD-SAN J HE i «
A3 R R BUAE R A K (P-gp PRI ) Mgl SE [ £ 2
iy 245 #H 5¢ 85 F 2 (multidrug resistance-associated protein
2, MRP2) #1fil 50 ) it ~F- [FL 98 1if 245 2 11 (breast can-
cer resistance protein, BCRP) i il 7] X} B8 i 1& &= , %
“2.3.2(4)" T F SGD-SAN [ E i 1 25 25 W I TE T T
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BT 1) 7 32, 43 ) il B 7% 2 PP K 100 wmol/L | Fs| W 9
100 pmol/L . F il °F- 50 wmol/L fi¥ B — SGD-SAN . ¥iff
BRI

(6) L3 it 8 YRR 140 T 1)+ WA A R A o i 9 1
W5, K % W B 200 wL, i F R 200 WL F B, I i€ 3
min 2.0 10 min f&7 , BRI, RIS
2.3.3 kgt

HRAE 2020 4 R rh 1 25 80 ) (PUER) AT 7 2 B 4%,
SRR, A AAERRE T, ik G IR e R AT 45
Oy LRI Y 5 0 B R R (=
0.999) ; K %5 B i 1 (RSD<<2%) Fa & Pk 56 (24 h N
RSD<<2%) F A [HCR IR 5 (97.389%~103.04% ) B 7F
AAHCEER,
2.4 {RIRUCHLEI 5 #7
2.4.1  TEREAR AN ERE S FH G 5 ) 2 42

$£2.3.2(4) "IN J7 % FATHL 6] SGD-SAN fi7 % Ui
W (0.4 mg/mL) 6 177, N ZE 25 H B R, % H 5T
37 °CARUEHIEE o A FIFERY0.15.120 min (R4
W WS R ) A B AR E B 24 4 e A A R A 18 RURE )
], ) BURE , #%22.3.2(6) " K 5 i 40 BES , FEH%
“2.3. 17T A A AR RE 10 A 0 £ i I 0
WAL, 435 LL 15,120 min A4 T A5 0 min B4 7 B
FABLAE SR 6 4% 1 A 50, LA e it e i o 3 2 1) 5
M, S5 (K V)RR, RS R] Py 7E K BB B
A5 B R R B AR A INT 2% , 3 PR R A
XPATA N R AT T R CH R R
FrEE AR,
xR1 FEEFEMEIYIER MY SGD-SAN F5FR S & E

B (x+s,n=6)

&1 Flg (0 min 15 min 120 min

Tk GRS 100 98.84+137 98.70+ 14
Ajits 100 99.77+193 98.60£0.30
IR 100 10041£125 10061£123
Hf 100 101,00+ 1.66 101244158
THR 100 100.98 £ 147 10140£1.60

gt ol 100 9837+0.89 98.86+0.54
BER 100 99814051 98.87+126
IRiLH 100 99.62+1.03 98.87+0.59
T 100 9866+ 1.83 9878 1.13
THER 100 9826+ 1.16 9829+ 1.09

BOR UL H A8 RERIK 12 s BRI, LA RiMOz [
FE W BT T /N BT IRU N B (3R 6 By ) 5T vk
e, BT 0.4 mg/mL i SGD-SAN A #E W , T 37 °Ck
BHIEE . A5 TIE 9 0.15,120 min BURE, 4% 2.3.2
(6)"T00 F Ak Ab S , P45 2.3. 1" T F (A% 5 h kAl
FE L IC A L B AR . 435 L 15,120 min B
VA TRT A5 O min s i T AR ERABLVE A R0 4% 1 438, LU
ey R S X 45 0 B S . S5 SR (R 1) R L 7E
S [R] PN, 45 B o3 0 O i R R AR AR 38 /IN T 2% , =BG
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XA N BR T AT B H R CH R H R R
1)) BRI SEEVE FH PT 2288 AT
2.4.2  REUTEAR BRL ) i T 3L S5

SR FHE A B i) i PR S S A 5 AN TR RS 57 AN [
R B AN [R) 1 31 A )6 SGD-SAN Jiz W i i)
M, ELRERAEIRY L ORI 84 HL AR | OREEK
12 h, I8 s T 9 3 B He 2 A RR e, o LR RO T 2 0
MRS — K294 ecm V) 0, 0 B & T 5 A B4 10
em ;B Be W 1 T4 AR, FH KB F R ZR 45 4L
[ 5% 5 45 M B 37 °CA= BRER K )5 , BEHH 37 °C K-R
ZE LA 0.2 mL/min fY 7802V V- 15 min; HEZS WA
FFH 37 *CIAHE R (%A A S A FHIF]) LA 0.2 mL/min
) J3E O S 30 min S, FRLRTTEE, Tl DA E
RS RE/IMI, BF 15 min AR H R LR, TR IC SR i
TR IR /IR o i, S B 6 1) o TETRLSS
Jei B BB ST AR BT , D11 3 30t B 8 0 L B R
AR (2t A rp, VR AR B K A 20 A 78 56 K RUIE
B, PR R | R R LA BRI ) o R
L R VRO A I R AR R T AR I DA T R v
it Ak AR /NI RSO K 434 R 2R T SSOHE T YR AR AR Ak X
SERR . 4% T 2T 5 b i A3 IR G R L

Sy S Cou Vou
(K.) il 2 12 1 5 ML (Pur) KAZ(I— C‘V‘)QZL
in” in nr
_Q ln ( CC(')mIIjout)
Pa= S Gl Co S A

Ui R PRI R YR B (g/mL) | %237 30T 5 A
DU 5 VA Vw5055 R B BE VB AN B W AR R (mL) s O O
N R W BT I 3 3 (0.2 mL/min) 5 7 A1 L 42y 52 BRI%
By AR (em) FIC BE (em) ] R SPSS 27.0 F/F X 4L
PTG 0T, SR FH P R 7 25 0 T A TR AR LT
i LSD-¢ K6 563081 755 5 P LR , A 36 /K 1 = 10.05

(1) AT Fog B3 v s o) < 44 K BRL 40 A e 8 24 40 4
SGD-SAN 4, B4l AF I B 6 o LU= Al ml g A o T
BRAE , FEHT IR I AR, HL# 49 pe/mL 37 B8 25 W) I i
¥ .0.4 mg/mL SGD-SAN M7 it /i (SGD-SAN 5 55 24
YR A0 FE , 225 AT TS g A0 2.2.37 T T 3 et I
GERAE )& Y K Pl 25 5, G55R(E£2) B
N RS A AT N ER T AT TR R CH
B CH BRI B K. P S T 017 B (H 22 5321
Tesit2EE X (P>0.05) ; SGD-SAN 4 1, b3 5 a4
TE R B Ko P T2 B B (A 22 R IR RS0
X(P>0.05), 5 [FllmBeiis 5 245 W 40 LA, SGD-SAN 41
Hh 5 R A A i A I i B3 489 3 B B v ) R LAk
R, HAE 7 iz BE A (1) KA P (181 iz BE b H SRR 1 P
A )1 TR (P<<0.05 5% P<<0.01) , ] SGD-SAN fi
BT AR ) 2 e A= e i B

(2) AN[R) 25 9 B RS2 < 85K BR A3 A T B 2 A1
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R2 AEBEITHEEZAY . SGD-SAN /i 5 Fl 5 43 IR I
S (xts,n=6)

#3 AEHWIREITHFEZY .SGD-SAN H 5 #i R &
AR S ERISME (x + 5,n=6)

a5 i &l 7 15 W KJ(X10°%s) Paf (X107 ems)
- KJOX107s)  P/(X107ems)  KJ(X107s)  Pof(X 107 cnns) TEEZAERI A SRS 308024 2524024
TEAE BRI 4462090 3941071 384406 344104 GET 2264033 184031
GET 4241066 3714041 3204065 291081 iz R 2784074 2254054
PR 4000068 3524057 3471082 308060 LA 2344037 1894019
o 4314094 3761059 4101046 3684017 HHER 2834043 2324046
HiHm 4914097 4504104 426072 3924047 B RIEA BELES 3331051 2954057
SGD-SAN4L ~ AZNEEH 555168 6261286 698+ 124 7282041 Ajdite 28410.64 2474056
BET 4651252 456+180 635£ 113 6681152 it 329£036 2874011
IR 4882150 5204180 6.36+0.79° 6.76%1.63° e 3531062 3120600
TR 5314194 5454131 6842009 1341160 H 2984030 26410.06
i 5314170 5544129 6.29+0.50° 6774184 TEAEREA BRI 384106 3444043
a: 5 R BANFBS 2GR Lo , P<0.053b: 5 BB 250 40 1 RELI 304065 2914081
#.P<0.01, friEtE 347408 3084060
N IR, T 4101046 3684017
':P N I%J %UE?E iFH SGD'SAN {E& N EF‘ N I% ;;ﬂj Eéﬂ ) %éﬂ 6 /l:l o Hﬁ@ 426i072“ 392f048“
DA 0] i 4 Sk S S0 7, 5 B O BE AR FL R 12.25, SGD-SAN 41 AHIREH 4595100 3924070
24.5.49 wg/mL F B2 YA HE R 0.1,0.2.,0.4 mg/mL ﬁgﬁﬁ #2038 D05
NN, . FriEHE 3741026 3191042
SGD‘SAN %YE ‘{ﬁi%& EF'%)&% Ka\PefY E"J%E o él%:% ( %‘:_{ Hﬁﬁ 404i035d 3551091.1
3) BN, WFES 25 T, 5 LA ) K Pen ) 52 R AR HiH 4O4E104 3504074
PETFFE s o RS H B 0 K, P, BSR40 H SGD-SAN 41 RELL i 4932081 435£086°
. At 5.86£1.09° 54102
T A Bt \ =x- 9| =N ST b L
E‘ﬁ \t[;_‘ﬁ@&ﬁﬁKd\Pcff,B&lﬁliluirﬁﬁéﬁmﬂﬁﬂ‘ﬁqPcff ﬁ*@Hﬁﬁ 444078 4,06+ 0.85°
P 3w AR AL, S A R H R Y K. P B3 i 5514084 S144090°
BT 4L (P<<0.05 8 P<<0.01) . SGD-SAN 4111, . ifﬁh 51208 STEL
. e m e SGD-SAN il 41 SELl i 6.982124* 7281041
%bﬁé}ﬁg Ka \Peﬁ&ﬁi{u/ﬁ/ﬂ:’ﬁ\:qj EF'%IJ%@EHQ%E@ R ﬁpjﬁ ! 6354113 6.68+1.50
K ARG e H 5 B Per, 25 75 5 2H AT 25 N B 3 i 636079 676+1.63
T R R CHRE H R Y K 5 M Pty i 634007 3414
HER 6.2910.50¢ 6.77+1.84

2 TR AL, R AR R K P AT
FEAT I K34 50 3 T bR a2 (P<<0.05 5% P<<0.01) .
S B 24 2H A, SGD-SAN ZH H 5 i Mk 47 817
B WIS S E (KN Po) 35300 5 57, L e SR
PHZH A5 153 Ko P 25 57350 BAT G812 2 L (P<<0.05
% P<<0.01),

(3) AR 32 2 1 10 481 750 B4 52 M) < K R R 43 Sy e 5
24 Wy I N i 5 590 2H AT SGD-SAN it s A i 4 i) 551
20, B2 6 H LA AE i A, e ik e
TSN 2 25 (I 49 we/mL i 25 2590 W e i
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