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Study on rheological properties of glycyrrhizic acid gel and its solubilization to
hesperidin
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School of Chinese Materia Medica, Beijing University of Chinese Medicine, Beijing 102442, China

Abstract: Objective To investigate the rheological properties of glycyrrhizic acid gel and its solubilization effect on the hydrophobic
drug hesperidin. Methods The rotational rheometer was used to carry out the strain scanning experiment and steady flow experiment
on the glycyrrhizic acid gel obtained under different preparation conditions. The effects of the concentration of glycyrrhizic acid, the
pH of solvent, the type and concentration of metal ions on the rheological properties of glycyrrhizic acid gel were investigated; The
solubilization effect of glycyrrhizic acid gel on hesperidin and its effect on hesperidin release behavior were investigated. Results In
the concentration range of 5—60 mg/mL, the viscosity, zero shear viscosity, shear thinning index, shear stress and viscoelasticity of
glycyrrhizic acid gel are highly correlated with the concentration of glycyrrhizic acid, and the change of the concentration of
glycyrrhizic acid also affects the modulus and strain value when the gel converts to sol. In addition, the rheological properties of
glycyrrhizic acid gel were also affected by pH, Na* concentration and Ca?* concentration of the system; The equilibrium solubility of
hesperidin at room temperature is (21.47 + 1.10) pg/mL, the concentration of hesperidin in hesperidin glycyrrhizic acid gel is (126.95 +
2.83) pug/mL, glycyrrhizic acid gel can increase the solubility of hesperidin, improve its in vitro release rate, and play a sustained release
role on hesperidin solution. Conclusion Based on the adjustability of the rheological properties of glycyrrhizic acid gel under
different preparation conditions and its excellent solubilization effect on hydrophobic drugs, glycyrrhizic acid gel is expected to be
used as a drug carrier in the development of external preparations and new drug delivery systems.
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Table1 Common rheological models and fitting

R ~ R
Power Law =Cy 0.972 6
Herschel-Bulkley t=1upCy” 0.966 6
Bingham t=1+nBy 0.882 1
Carreaw/Yasuda  [7(7)— 5)/ (10— 51) = 1/[1+(Zp)" ] -PVP1 0.990 5
Cross n=nx"F(mo—n=)/(1+cy") 0.996 9
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Table 2 Steady flow characteristics of glycyrrhizic acid gel

with different concentrations

R Rk
¥ (mgmL-) no/(mPa‘s)  #«/(mPa-s) c/s n
5 2 152.75 3740 7.09 0.75
10 554333 116.03  7.53 1.04
20 17 780.08 36149 10.41 1.05
30 2.83X10° 222453 3.26X10° 1.09
40 1.65X 10" 1042234 8.53X10° 1.11
50 1.65X 10" 15681.03 1.77X107 1.20
60 275X 10" 15471.14  3.02X107 1.23
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Fig. 1 Curves of viscosity (A) and y (B) of glycyrrhizic acid

gel with different concentrations versus shear rate
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Fig. 2 Curves of G’ or G” (A) and loss coefficient (B) of
glycyrrhizic acid gel with different concentrations changing

with strain
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Table 3 Steady flow characteristics of glycyrrhizic acid gel
prepared with different pH solvents

pH & no/(mPa-s) ne/(mPa-s) c/s n
3 6.79X 101 10 546.10 2.11X108 1.14
7 1.56X10" 8 958.89 4.87X107 1.04
11 2.10X10% 6 289.55 4.60X10° 1.00
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Fig. 3 Curves of y (A) and viscosity (B) of glycyrrhizic acid

gel prepared with different pH solvents versus shear rate
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Fig. 4 Curves of G’ or G” (A) and loss coefficient (B) of
glycyrrhizic acid gel prepared with different pH solvents

versus strain
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Table 4 Steady flow characteristics of glycyrrhizic acid gel

prepared with NaCl solution of different concentrations

NaCl it 8K/
no/(mPa-s)  7=/(mPa-s) cls n
(mgmL™)
0.5 1.46X 10" 564597 564.895 1.03
1.0 222X 10" 786691 2.20X10° 1.06
5.0 2.79X 10" 5595125 2.31X107 1.22
8.6 4.61X10"" 2.86X10° 3.80X107 4.37
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Fig. 5 Curves of y (A) and viscosity (B) of glycyrrhizic acid

gel prepared with different concentrations of NaCl solution

versus shear rate
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Fig. 6 Curves of G’ or G" (A) and loss coefficient (B) of

glycyrrhizic acid gel prepared with NaCl solution of different

concentrations versus strain
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Table 5 Steady flow characteristics of glycyrrhizic acid gel

prepared with CaCl: solution of different concentrations

CaCly JF &

B (mg-mlL) no/(mPa-s)  #«/(mPa-s) c/s n
0.1 1.27X10"  11033.87 7.32X10° 1.11
0.2 495X101  14338.84 4.57X10° 1.17

YR A ) H B R SR AT R AR A S, A R A
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Fig. 7 Curves of y (A) and viscosity (B) of glycyrrhizic acid
gel prepared with different concentrations of CaCl: solution

versus shear rate
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ik, HBEE Ca EmIREMI R, AR IHERE A
NIRRT AR /]S s 2 W H B R e I P 58 A2 I
7£ 0.1~0.2 mg/mL J& 55 .
2.3 HPLCEMNEHERS =
231 HEERA R RIS RS RRICH R
WHHEAE R, I 70% L EEHIAS R =K N 150.80
ng/mL R H FEEOG R B, BOAS AR H R 6T
R BRI 70% SRR 0T S FE 43 1) 75.40
37.70. 18.85. 9.42. 4.71. 2.36 pg/mL K H HEXT
R TR
2.3.2 RS AR R &

(1) HERRER AR : B ERE T
60 C FH+HHIE M I HRIER, BUHHERIER
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Fig. 8 Curves of G’ or G" (A) and loss coefficient (B) of
glyeyrrhizic acid gel prepared with different concentrations

of CaCl; solution versus strain
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19%Z. i : 8~35 min, 19%~50%Z./i&: 35~36 min,
50%~100%Z.ffE; 36~40 min, 100%~19%Z.fif:
PRFRER 1.0 mL/min; #£i 30 °C; #EFE&E 10 pL;
Kl K 237 nm;  FEGESAR EE4 KT 370 000.
234 LEMEEs BUHEEREIR . H IR BB
AR A% “2.3.27 TR J7Edl &R IE, S5
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Fig. 9 Specificity investigation of glycyrrhizic acid
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JREIR B NBE AR (XD 22 flAniiE M2k, 151577 FE
9 Y=0.086 X—0.339, R2=0.999, F*HiH EERLE
2.36~150.80 pg/mL £k 156 & R 1F .

23.6 FEEEHE 2317 TN HEERIE 5
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6 P HEERRE VAW, & “2.3.37 T
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T B Rl 2% A R e H R U TR A, 1A RSD
9 0.45%, RUFE SRR E M R I
2.3.9 NFEFEICERFESE $% “2.3.27 TR i A
HERRE R, WHEREK 0.2 mL T 50 mL £
o, N 200 pg/mL HEER G SR 30 mL, TR
o B e 2 200 B A5 B R R [l S R K v
i “2.3.37 TN A KA E H BRI AR,
THEH FEER YR FIUSCE N 98.37%, RSD fH N
0.96%, R ZITIEINFE IR FT G SLIR TR .
24 HEBRRROBEMFEAR

I3 % 5. 104 30 mg/mL H BRI, BUA
[F AR H R 45 mg 1945 H BRI T4 B A
X5y L& 3500 HET RS, B pH 7.4 PBS 22
W5 T 500 mL 45 /K115 PBS 22K .
UL pH 7.4 PBS &M BUAREUY B, BT 37 ClEiR
KBREPR LA 100 t/min #2485, 7% T 0.25. 0.5, 0.75.
1. 2. 3. 4. 6. 8. 12, 18. 24, 36. 72. 96 h
B 1 mL B, [R5 25
RS AR, 4% “2.3.37 TR itk 254
ERA R R & s S B R RR
RS IE “2.3.27 TN 7 25 H SRR I sk i v
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Fig. 10 Release curve of glycyrrhizic acid gel with different
concentrations (X £S,n=3)
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TRPE 3G KT Rk N 03X ] BB e T B R A H R
TEIBENTIS L K, T 75 S BRI 8] P TC V2 R RE L) 44
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2.5.1 B B H RIS IR A A A SR U
OO S OE R, I RIS B E R 120.00
pg/mL [RJAE R0 HE S B, EAS [ AR R 0
FE et BRVRODD R T A R A5 T B IR FE 43 il O 60.00
40.00. 20.00. 10.00. 5.00. 2.50. 1.00 ug/mL [FJ#&
RO LRI
2.5.2 VAR IV A

(1D 18 B 7KV P St VA OB R 60 °C
IR = IR AR R R B 0.2 mL T 10 mL &
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(2) 18 R H - H SRR AR S HORE
H-HFRER T 60 C N RV ARG J - H 5
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255 LMEXRRFELE % 2517 R HEHSEA
IR A i P T BRI, % “2.5.37 TR il 4k
AN 7 B B H UG AR, DA TR A AR (1),
JR R NBEALAR (XD 2aflbRaE N2k, 1581077 2
N Y=0.253 X—0.031, R2=0.999, & J-3 W% i
£ 1.00~60.00 pg/mL £ 5% 2 R AT
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Fig. 11 Specificity investigation of hesperidin
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F 10mL &4, A0 100 pg/mL B2 H 5 1R 5L A
T 0.25 mL, %00 AR 25 20 B 2R A5 B R [ i
AR, 1% “2.5.37 TR il SRR 2
P Rz AU TR, T SA8 B 7 9 ~F 0 N [ S Ry
97.81%, RSD N 1.22%, ZFRIHIZ 7 INEE [FIER
TSI ER

2.6 HERERIIEEENIGIERER

2.6.1 BB E-H EERER T S R RREUR B

H 20 mg. HEE 100mg T 10mL K+, 7£ 60 C
KB B, W# 20 min, T 6475Xg B 5
min, B EIEETE A E 12 h B, RIS
2.6.2 WG EHFRBFKEBRAEIS B RRUS
K 20 mg T 10 mL K, 7ESRAEFEE M 24 h,
A b MR RE 7 B 0.45 um JEMEE, RIFE .
2.6.3 FEJZH 60 CRIEMRIMIHI % kBRI i
H 20 mg T 10 mL /KH, ££ 60 C/KIE T84+
AR 20 min, KEREIRE, KRR B
it 0.45 um JEME, HIfH.
2.6.4 AN[EVE R RARRS B AR R T E X
“2.6.17 TR R ER-HE R “2.6.27 IR RS
T IRMAKIAERL. “2.6.37 TS 1 60 “C/K¥E
W% “2.5.27 WUR J7ikl &l s, 4% “2.5.3”
T €03l 2% 1R U 2 S RV A 1 R R I
fRBES1. SLIREER (K 6) KU, BRI HHEmkt
FR H RS T VA AR B, RS BT s T A A
1 5.91 £, N 60 C/K#F 20 min B MEFE) 1.87 £%,
T R IR RN B8 B T A — e AR, 1Y
TEIHLE AT BEALHE B H R T BB N . ok
7K 32 S A T A 1 ) PR 2 R oK A 4 i e B At T
BRKMB KR, SH R SEE T ERER
RS AT B b8 2 F VA RS, BRIk ok, 4
H R R FE A B I 5 AR FE LA b IS BE 8 TR I
W, IR RS I L AR S K PR 2R R
(P A
6 WEEAREEN (Xts,n=3)
Table 6 Solubility of hesperidin (X £ s, n=3)

o A E/(ugmL™)
P 24 h 2147+1.10
60 ‘C/K¥# 20 min 67.8442.22
B e - H R BRI 126.95+2.83

27 BEE-HEEREREPEE TR E R
271 PSR EIREBRAIHIS R FRE 12.70 mg 15
FET 100 mL 2K, =iRMFEHAE 24 h 15
127.00 pg/mL £ 57 FiR 2R -

2.7.2 BEEEHEW ORERE 1270 mg BEE T
10 mL PR S AR 14T 10 £ S8 5 R BRI, B
P R 2 mL nafiid kKM sE 20 mL 15
127.00 pg/mL ¥ 5 F &

273 AFEERABEERBIERERE 75
“2.6.17 TN AE R E-H RLIR LR L “2.7.17 TN B
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Fig. 12 Release curve of hesperidin solution, hesperidin

suspension and hesperidin-glycyrrhizic acid gel (X £ S, n=3)
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