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Preparation of hydrogel of glycyrrhizic acid coupled with Lithospermi Radix
aqueous extract and evaluation of its therapeutic effects on radioactive

skin injury
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ABSTRACT: AIM To prepare the hydrogel of glycyrrhizic acid coupled with Lithospermi Radix aqueous extract,
and to evaluate its therapeutic effects on radioactive skin injury. METHODS The hydrogel was prepared by self-
assembly method, after which the characterization was performed by Fourier-transform infrared spectroscopy, X-ray
diffraction, scanning electron microscopy and rheological analysis, RT-qPCR and flow cytometry were adopted in
the evaluation of anti-inflammatory activity, cell viability test and hemolysis experiment were applied to evaluating
biological safety, and anti-oxidant activity was evaluated with ROS expression and scavenging rates of DPPH - |
ABTS" « free radicals as indices. Mice were randomly assigned into model group, hydrogel group (200 L) and
Kangfuxin group (200 pL), after which the skin damage was induced by X-ray irradiation, the repair effects on
radiation skin damage were evaluated by pathological staining. RESULTS There were alkaloids, flavonoids and
polysaccharides in the aqueous extract, among which polysaccharides were mainly composed of D-glucose. The
hydrogel demonstrated a network pore structure with good biological safety and strong anti-inflammatory, anti-
oxidant activities, which repaired radiation-induced skin injury by inhibiting TNF-a, 1L-18 mRNA expressions and
promoting collagen deposition. CONCLUSION The hydrogel of glycyrrhizic acid coupled with Lithospermi Radix
aqueous extract can promote the repair of radiation skin damage, thus provide a new research idea for related

treatment.
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1.1 #4440 HHEYE 8 B SPF 2% BALB/c /)
B, SEEARRRE (20£2) g, HIJCHTH BLILVIRE S0
Bsh i, sh¥ i HF vl iES SYXK (F5)
2023-0005, AFFE VTR REF S sh e B ZE 24t
E (BFRZRS IN. NO20251114B032041 [173] ).

1.2 XA, BamE g HREmRIES (589
B10407) WA Lifg L EYFREARAR, BE
B (LPS, %i'5 bs-8000P) M [ b5 i B8 2 A= W %
RARLE . B A SABC-POD 3% 41 1k ik 57 &
$3%51001) . DAB %835 & (9245 1025) il
A AR Y TR T; 1L-18( 585 P8037-1) |
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B RM A RA R, IL-18 $iik (185
16806-1-ap) W [ & = J& 4 M) 5 R A R A wl
TNF-a R (585 A11534) W H i I0E 2 5 4k
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W H BRI TA AR, HZEKF (DXMS,
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T35 04497460) T4 H g 2B e A PR ]
HEHF TR (JF915 0204945423) W [ 7RG 3
FIHI 25 A A PR Al s 7L d (1 25 7
H20233813) W4 [ Wb A AR Al 25,0 47 FRA /5 B
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ABRTAEA T, HA R0 [ 254 A AR
A BRI, S Y PO R 25 K2R AR, 2 R
= 2RI 2 ZAs SRR 2 2 08 IE

1.3 ME HFEVREWM RS (A5 Pannoramic
MIDI, )% #] 3DHISTECH /A #]) ; ¥ X Hhk
IR AY (%S RS2000PRO, 2 E RadSource 23
Al) s EEL LD R . X BFEAT S (BT
TENSOR 11 . D2 PHASER A26-X1-A2E0B2A0, i
[ Bruker 28 )5 4> ) A8 S FL AR A (F S
Synergy H4, E[H BioTek 22 F]) ; 4 L+ Wi
(F5 sul510, HAHLAF); BefE AL (Y
5 Physica MCR301, BHLFIZARIANT ) ; #EEKL
WAL (B Vanquish, 32 [FFEER G /RBHL
ONE]) 5 BEEEHL (BS R500, IR 3 9K 15 48 Ay
PHERARAT) 5 @A A% (515 Agilent
1100, EyEs| Agilent /NG

1.4 e RAW264.7 B W40 [ 538 i 3
AR A BRAS F ;1929 /N BRUSEF 4E 40 il [ P
FEL )2 e 4 e 2

2 AE

2.1 BAZS 40 J/NRBEL S MR | KB
fedl, AR, SR, mAmEeEA, K
e BB AT BRI, Ak B R K T3
WEN A= )2 X G258 B, 6B R ) I
WERBHAE N 40 Gy, HWRLEH)G, KEEKH 5
FAESE A Bz R4 46200 wWLoK BEIE, BEE B4
BRFK 0.2 mL EE B, MEFHL, il
FUB AT RIEIK 0.2¢ 257, 15 d J5 Uk, HEH
PGB BIEESY, PR bR K AR a gk dr, it
343 ANERBIGIAR A, 12 4y BBk, i1
gy BERRICHM, 1T 0 43
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HAHATEH, FREEZER S pm WY R, BT
65 °CHER il TR O R S B B 2K
b, XA AT T HE Yt BAEE CREIBIK,
R CE SR R R G T
PIR sk AL, AR R4 8 min, ZEIRKVE
U, MRSk, INFLYLIRY 8 min, FHRRIE UL
WUR, A HBEERR . R R 1 min,
YRR BK,, HEN, s s, E
Image J FAF53 AT IR UTRR T
2.4 REMAZILFE (IHC) & B/RIZkE
ZUAMEYI R TE 65 C MU | h, ZHIORBINS, B
PR AKAL, FrEmEh s ik TR B R, A
H,0,, ZFiRWEH 15 min LK S A ALY B, 1T
4 30 min AP AERE PSS S, —PL. Zhi
H, DAB B, BREEWAREMK, —HAREH, b
PERI GBS F 85T Image J 20PE43 BT BRAE HIAR
2.5 mia¥Edc  RAW264.7 EMENMIAE S 10% i
A= IMLIF 7Y DMEM @il s 72 2 b 15 5% 1929 4l il 7E
T 10% I35 . 1% BB DMEM s 55, & &
5% CO, BEFRMIRIEE N 37 °C, ANHEHE5E 80% ~90%
BAR, ST T — ARt B, Rt
ML AR IR 3, 3 & T PBS 2% ol i Pk U 40 e 3
W, RIG, R 53 BB 7R85 57 ML A 44
i, FerRA, WHEBTE, fJa, iE YRR
BRI, E BT T ORI AN TR A T
2.6 RT-qPCR # IL-18. TNF-a mRNA &i& M
SPEUE R RAW264. 7, 1929 4Hft, LL4FSL 2x10°
MR T 6 fLAR D, IR E A HIXTIRZE | LPS
H (1 pg/mL) ., 452541 (1 pg/mL LPS+0.1% .
0.5% , 2.5%/KHEME) . HFERMA, WHF 24 h J5
P R IE R, SR TRIzol i 7 #2 B RNA, HX
1 wg, WiHESER ¢cDNA, SYBR Green HEfT94 G E 7
PCR Kl D B-actin NS, K 2742 A6
IL-18. TNF-a mRNA ik, 5I¥)F50 0L 1,

x1 54MF75
Tab.1 Primer sequences
HEA FI¥F51(5"-3")
IL-1B 1E[ 5'-GCTGAAAGCTCTCCACCTCAATG-3'
1] 5'-TGTCGTTGCTTGGTTCTCCTTG-3'
TNF-a 1E[] 5'- CATCTTCTCAAAATTCGAGTGAC -3’

S 5'- TGGGAGTAGACAAGGTACAAC -3’

1EJ] 5'- CATGGAGTCCTGTGGCATCC-3'
JZIA] 5'-CTCCTTCTGCATCCTGTCGG-3'

2.7 mX@miaAdkal SR LPS (1 pg/mL) S
RAW264. 7 #iifig e M1 B E REANA A AL, AL

B-actin

X RAW264. 7, 1.929 475 4L 6, AR, CD86,
CD206 EMEAHMIbRiC e, srHr iRy,

2.8 KIEMH KA kAL

2.8.1 filgirik BT EAR 100 ¢, BIFE)SE
TIA 10 5 7818/K, #6100 C FH#EHL3 h, HE 3
W, PEBORGT IR S B R gk, AIFIEM, WR4h)E o
2y, Hob o1 T, B,

2.8.2 ZWHEEHCS4ifk ) “2.8.17 HH I —
AW A S, Al AR S E0h 60% ~
80% , 4 CHrERK, VIESOFIWESH, Tk
SRRV, VR

2.8.3 ZWESEWE SRR K- K- K
Pio FREUB RS K- YI VR T ik i, & T 250
mL BT, EEMMA 50 mL £5 7K, HEEm
ANCTREE . WARFALPIE WA 5 mL, MMAIKES
ZZ0E, RA), BE 30 min, Uk, WELEW, M
BIMLHL 50 mL, # T 100 mL B, A 5 mL £;
FRAN 20 mL 7K, FEZ), 68 C /KA 15 min, HUH,
R, SEER R E R, A KE R ZE A
B MR A R T WA S mL, A
10 mL 7K, FESMVIETRINE BL N, AT ER
i, WA 10 mL FE S KR, AR A R
SE, DA 0 WG 2 S 2N, e i R A R T AR AR
M % AT e A0 obE T o B, T E R R

T,
2.8.4  HUBELH WS
2.8.4.1 ZWKME HZHE 20 mg, BT 10 mL

KT, A S mL 2 mol/L TFA (RS 5 4%
AL 4 mol/L TFA, SHEMEWE 12 1 HBlR
A), 8 AN, (10 L/min, 1 min) %, &F
110 CHEFE /KA 2 b, BEFFTIFMEE, BU mL,
A1 mL HEE, 70 C/KBH N, kT, R 2K
DI TFA, fIA 1 mL 0. 3 mol/L NaOH %1% 7543
VSfRRE , AR,
2.8.4.2 HWETAELL  BURBERRMETR . KR
45 400 pl, BT 5 mL HIERE T, A 400 pL
PMP FHESAWR, IRIEIR ST, 70 CAKI N 2 h, HX
W, BEIEEE, A 400 wL 0.3 mol/L HCI AR
(pH 6~7), MMAJK, &5 1200 pL, WWHERS],
FE, FERADM, BE2 K, KHZ0.45 wum %
FLUE R I U8 S5 HERE T
2.8.4.3 ALK C kA (250 mmx4.6
mm, 5 wm); WA 100 mmol/L s R 4M 2% vh ik
(pH=6.7) -ZHE; AW & 1| mL/min; &
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30 C; MK 250 nm; #EFEE 5 L,

2.9 KERKRHNE ¥ 6 mmol/L HEMEAET 1 mL
PBS Zofif, W pH & 7.2, MHEERSE &7
JE4r mm A 10, 30, 50 mg KW (45 1~3),
80 C/KIAIEE 6 h, BT 4 CUKAEhHE 24 h, HIS,
2.10 A Zetirspbag oA KKEEY . KB
£ 4 000~400 cm™" 5 ELTE P A G35 43

2.11 DPPH - ABTS' - A WA Gk Az
JKEERSS DPPH - H M 2B WRIR G, /E il W,
[FIERE i B X B, 7R IR T & T RIS 30 min,
4 000 r/min B0 5 min, £E 517 nm K &b 0 1%
JGHEE A, FAPEZG YN LU R (Ve), FHE
DPPH - H H3EIERRE, AXCHERFE = 1- (A -
Agm) /Asp ] x100% , [RIEEDISE ABTS - H 3%
THERE,

2.12 % FE 5 i GraphPad Prism 9. 5.0 4K

PESEATAN R, BHELL (x+s) Fon, ZHEIGECR
(K%, P<0.05 #anESFHAGIFE L,

3 #R

3.1 AR EA R UPLC-Q-TOF-MS %
Y 595 A, WA 1A, EEAHG A6
WA A, bl B AT S i 341 R, L
TEPER A /INEER . DR RREECHR . ZROFENER . BT
A, BARILZR 2, [N 2SR 59.81%, 4l
JEHR 93.71% ., 2050563 (B 1B) s, K4EY)
FA A BEAE | 78 3 210,42 em™ T AY
R R IR B 4E , 2 926. 45 em ™ Ab BRI ICHT
& C-HIESN™ | 1400.35 em™ Ab 590 W & C-0
PRz, 1 575 em™ AL AY 55 IR CHF JE-NH, C-
N FEA TR A 990. 30 em™ 4b B W WACHE 2 C-
N ZE PR slh, 20 200 DA% b, AHXT
SHEON85.77% , WK 1C, %3,

B 1 EEKEWARRIE

Fig.1 Component characterization of Lithospermi Radix aqueous extract

3.2 REREMLE HHFO6Lh, HE24h)E, 1,2
SOKEERE RS AR B A, W 2A, FEHET
Je& E B STHER A AR FLBR S5 #, LT 2B,

LA ERE (K 2C) H, C-0 fiffifik
51 1 400. 35 em™ AR IE, 5 H RERE
JAiE B F] 1 417.42 em™ 4b; C-N B 45 4 3h 7F
990. 30 em™" Kby AR B IR WO A F1 1 042,34 em™
Ab, {BAE 3 210. 42 em™' BfFT 22 B IR S 46 5|
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&2 EEKEWIEMERS

Tab.2 Active components in Lithospermi Radix aqueous

x3 BRBEMNSENELER

Tab.3 Results for relative content determination of

extract monosaccharides
J¥Es AW S FX RN AR F B tg/min B 75 E4) AR 2 /% I/ min
1 fitsgm CsH, NO, 118.0865 0.316 [M+H]* 1 L-ih VB W IR 0.591 14.072 9
2 iR CsH;3NO  104.107 4 0.845 [M+H+CH;0H]" 2 D-H FE R R 0.094 14.990 7
3 TR CoHisNO;  168.1018  1.820 [M+H-H,0]* 3 D-H &bk 0. 622 16.217 7
4 fhpRERL C,oH;sNO  166.1226  3.398 [M+H]* 4 D- 28 FL 7 % b 0. 395 17.979 3
5 ZAEAKAIGE CigHy NOs 332148 6 6.098 [M+H]* 5 R 0 0
6  /NEER CyH;;NO, 336.1223  6.112 [M+H]* 6 L-E 2=k 0.155 19. 368 2
7T FEOTEMEE CynHyOs  311.2213  8.065  [M+H]* 7 D- I ERERR 0.218 21.406 3
8 FEMEBEATH CsHysNO,  400.3414 12,704  [M+H]* 8 D-PF MR 1. 408 22.3279
9  FFFB CgH N - 128.1435 13.578  [M+H]* 9 D-ZHF U 0 0
10 D-i% bk 85. 773 24.203 7
45.261°, 56.759°, 78.549° 4k T BV B 1) 2 B 14 1 D-2F3 1.711 25.432 0
SWAR 12 D-AKHE 0 0
BT P2 A 13 LBTRL AR 2.507 26.351 4
TEEEANEE (K 2E) ) ZKBERS 2 00 Y 14 L 6.527 27.771 1
IR, RP\HBEA B, 1.0x10° Pa - s 2Z[A], 3 FLKHE 55 1) 5 56 00 i 32 7

Bl % pH 2Bk, KEERCHA KA MR, F2H
Tz, WL 2F, PR, KSR g i BH S TG
RIS SF 7 A= 2 ) $A L b, A AR5 |5 40 M 1 3
B, AR L MINBMAR SR sy, Y55
Fefsl R, S S A i v R - B R
M, AR LA B R AR, NI T A A
B

FE37 CF, KEERFEEFEA 1.0x107" ~

REAIR, ZRBIZKEE IS EA o i Sk X 4 R s
RESCBLA LM 2 Wi ik, e s HoUHER, DL 2G;
1, 2 S/KEE R G'7E 1.0x107" ~ 1. 0X10% /s
LR, Mt fEaesiE ¢, KUKEER FZE R
JEEE, R, WK 2H,

ZELRTR, 1, 2 5K EER Y HAT R AH
Rt MR IFITE B R E EIR R B, ARk
2 SOKEER TR St . shisess:,

B2 HERBSEEKREWKERRIER

Fig. 2 Characterization plots for hydrogel of glycyrrhizic acid coupled with Lithospermi Radix aqueous extract
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3.3 ARINERIEN

3.3.1 AEWasett mE3A~3B a5, 2 5k
JREAE e BE 0.02% ~ 12. 5% U [l N X RAW264. 7,
1929 4G 1 JE B E R (P>0.05), & 3C
ALHN, KBRS /5 h 0.1% . 0.5% . 2. 5% B,
VI A3 518 0.333% . 0.400% . 0.612% , 1
WA T B b o Ak 4 ZURE S 1 ) 5 I R A 1
(2% ), R LR

3.3.2 HikiEYE  HE 4A~4D WAL, LPS S
RAW?264. 7 41 i Lt 638 Jin & 42.00% (P<0.01),
MK EE e T FUE FEIK (P<0.01), I H TNF-a,
IL-18 mRNA FRiLTRR (P<0.01), HE 4E~4F 1]
A1, LPS nlfiE i 1929 4l TNF-«, IL-18 mRNA 3
ik (P<0.01), TiZKEEM T 15 P& mRNA ik
FEAIE (P<0.01), SHuZERMNEIT,

3.3.3 BUAMIEYE HIEISA~5B AIAL, Rl KEE
JREHe FE RS I ROS 7KF-REAIR (P<0.01) . HIEl 5C~
SD Wl 1, Bt K BE RSk R 5 i DPPH - M)
ABTS® - 'V [ BERRRTm, HEST LU,

B3 HERBSEEKRYKEREYREM
Fig.3 Biological safety of hydrogel of glycyrrhizic acid

coupled with Lithospermi Radix aqueous extract

. HXFIRA R, ¥ P<0.01; 5 LPS 4iLbEK, ** P<0.01,
B4 HEBRBSEEKRYWKERIKREE (X5, n=3)
Fig. 4 Anti-inflammatory activity of hydrogel of glycyrrhizic acid coupled with Lithospermi Radix aqueous

extract (xxs, n=3)
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5 HERBESZEKEWKERAEMLENE (x5, n=3)
Fig.5 Anti-oxidant activity of hydrogel of glycyrrhizic acid coupled with

Lithospermi Radix aqueous extract (x+s, n=3)

3.4 R HAFIEMN BIE 6A FIH, X G
S5 dJa/NRE R BT B . B R SEER; 10 d S
BRI 20 T Uy E B 0, 7 /K R e 2L AR A e 4 s PR
WKz 5 15 d JE A A2 M B T AR T, T K R
4. R, HAEILE A MBI RA K B
M, B 6B RI 1, /KEENCL . FEAH4l. M
ZAE B MR SRR N U IR B 1B
YERT, DIKBERSAHTEI W (P<0.01), XAl fEJ&H
RFGES HRER CIRIT IR R —PUR AT B
etk R—T AR 5 F " SR BRYT . oK
PYICEEN, JFE TR EEE ORI
TR

HE 36 (E7A) B, X LB 1545
BERIZA /N R RRAF AR IR 4500025, LR O B kA1 2%
K RIEA IR ;. KB /N B IR T 1 H0 B
AL, RIEAMIEIR ; BB/ B R
H: bRz 2H RPN R, Masson 228 (K 7B) EIR,
TR e 4 RIS A2 A/ BB kA 2 3K o D
H, JFHHERRE ALY (P<0.01), WHE TE,
IHC Yett, (E 7C, 7D, 7F., 7G) fWsn, /KEER4H
FIRE S B 2H /N U2 Bk TNF-o, TL-18 28351 T 15 75
H (P<0.01),
4 iHie5%R

X R4 B R 2, S S EUA R, L
LRYELA M DNA 4 W 24 S0 S0 47, 5% v 200 e 0 &
e S5aea, HEGIEMETY, FatE 590N
KRR G = R R [ R, S8 A e R Sk
YRS F, INEG L S AN, Z A R

T SEERA LEL, ™ P<0.01,
Eo HERBSEEKREYKERI X HEFSNMNRE
FRIRGHIEEIER (X5, n=6)
Fig. 6 Repair effect of hydrogel of glycyrrhizic acid
coupled with Lithospermi Radix aqueous extract

on X-ray-induced mouse skin injury (x+s, n=6)

RAESTI, BIURSGERAE, MR BLII . P
SFREAR, T bR SRR SR S 4 i — 2 Jon il 26 21
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T SRR, P<0.01,
B7 BENMNREKFEFZRLE (xx5, n=6)
Fig. 7 Pathological stainings of mouse skins in various

groups (X+s, n=6)

B, H RIS SRR IR YR B R R 2
AT . H R RRASTRAE | IKBER PRI 5
WRIRBOESE, AR U B RT3 4 7

HERR AR N SR rp 2/ N T RE N,
AR A 1 SR A 0 T A T 9 o T R 2 4
B, HIRT SRS S AR, s 5T
S BUKIEM R mom ERCRS 5 A AR K
FE I, HRRRS SRR Y R IR
YERT, JF LA BRASHR N R 4 BRI, TS 2
P AR T 52 RS B A, I PR B
PRI VE 2 A A B R R H R R e
S FG B 2% ] RE TP P R 2, T3 R K
727

TR R & SRR SR YK B B A RAFI )
FHANVERNE ELR R L, S IO T T B Mk A0t £ 9 2
PRONSEERUESE, RGN . PiRIEVERSR, AT
A A R/ IN BB JDRAS 0, e e A R DR e B ik
A

LR LRTIR, H R G 5 ORI A Y
FHANEFIREMEIE RAF, IR R = 4R R 25254, S B
2534

I AR B B AR, R S H R R
R I TS 1 P 0, AR LA, e
S, AR WA T, R, VR R B
i, 2 4ebEs, HIBCHES, HHTF HOSHERE BB
BLOET BB

FIZIRIE, P4 B R A A 6 F5

S 3Lk
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