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Pharmacokinetic and Pharmacodynamic Studies of the Anti — Inflammatory and Anti —

Oxidant Colon — Targeted Cerium Oxide Nanoparticles Hydrogel
Yang Yang,You Cuiyu,Deng Xiang,Zhang Wenjuan,Wang Xidan,Deng Wenting ,Zhang Bo*
(The First Affiliated Hospital of Xi'an Jiaotong University ,Xi'an,Shaanxi 710061 ,China)

Abstract: Objective To investigate the pharmacokinetics and pharmacodynamics of dexamethasone (Dex) - loaded anti -
inflammatory and anti — oxidant colon — targeted cerium oxide nanoparticles (CNPs) hydrogel (DS — CNPs@Dex — Gel). Methods In
vitro incubation experiments were conducted to investigate the effects of cecal bacteria on the disintegration behavior of DS -
CNPs@Dex - Gel. The drug residue of DS — CNPs@Dex — Gel in the digestive tract [stomach,small intestine, colon (including
cecum) | of rats was detected to evaluate its colon — targeting ability. The blood drug concentrations of DS — CNPs@Dex — Gel
and Dex in rats were compared,and pharmacokinetic parameters such as time to peak (t,,),peak concentration (C,, ) ,and area

max max

under the blood drug concentration — time curve (AUC) were measured. The ulcerative colitis (UC) mouse model was established
by the 2,4,6 — trinitrobenzenesulfonic acid (TNBS) induction method. Sixty male KM mice were randomly divided into the Control
group (an equal volume of normal saline),TNBS group (an equal volume of normal saline),TNBS + Dex group (1.0 mg / kg of
Dex) ,TNBS + CNPs group (1.0 mg / kg of CNPs),and TNBS group + DS - CNPs@Dex — Gel group (1.0 mg / kg of Dex +
1.0 mg / kg of CNPs),with 12 mice in each group. At 12 h after successful modeling,the corresponding drugs were administered
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orally for 6 d (once a day). The disease activity index (DAI) score, colon index, myeloperoxidase (MPO) activity, and organ
(thymus, spleen, heart, liver, lung, and kidney) indexes were evaluated to assess the therapeutic effect of DS — CNPs@Dex - Gel
against UC. Results
to release loaded Dex and CNPs,with release rates of (79.32 = 0.05)% and (80.36 = 0.01)%, respectively. After inhibition by
clindamycin, the release rates of Dex and CNPs were reduced to (4.63 + 0.02)% and (7.04 + 0.03)% respectively,which nearly

In wvitro incubation results showed that DS — CNPs@Dex - Gel underwent rapid disintegration in the cecum

completely suppressed the disintegration of the hydrogel. The determination of residual drug levels in the digestive tract of rats
showed that the distribution of Dex content in the stomach,small intestine, and colon (including the cecum) was relatively small
within 1 = 3 h post — administration, the Dex content in the colon (including the cecum) increased sharply within 5 h post —
administration, the Dex content in the colon (including the cecum) reached its peak and exceeded the total amount of drug in the

stomach and small intestine within 7 h post — administration. The pharmacokinetic analysis results showed that, after administration,

xxxxxx

respectively, which were significantly different from (1.67 + 0.32) h,(7.01 + 0.13) pg / mL,and (20.08 + 0.10) pg - h / mL
of Dex(P < 0.01). Compared with those in the TNBS group,the body mass of mice in the TNBS + Dex group and TNBS + CNPs
group increased after 5 d of administration, while the body mass of mice in the TNBS + DS — CNPs@Dex - Gel group showed
almost no change;the colon index of mice in the TNBS + CNPs group and TNBS + DS - CNPs@Dex — Gel group significantly
reduced (P < 0.01);the DAI score and MPO activity of mice in the TNBS + Dex group,TNBS + CNPs group,and TNBS + DS —
CNPs@Dex - Gel group significantly reduced (P < 0.01). Compared with those in the TNBS + Dex group,the thymus index and
spleen index of the mice in the TNBS + DS — CNPs@Dex — Gel group significantly increased (P < 0.01). Conclusion DS -
CNPs@Dex - Gel exhibits good colon - targeting performance, biodegradability, and therapeutic efficacy for UC, which can
effectively alleviate thymus and spleen damage caused by administration of glucocorticoids.

Key words: ulcerative colitis; dexamethasone; anti — inflammatory; anti — oxidant; cerium oxide nanoparticles; hydrogel; oral colon —

targeted drug delivery system;blood drug concentration;pharmacokinetics; pharmacodynamics
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Tab.1 Scoring criteria of the disease activity index
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Tab.2 Criterion for determination of fecal occult blood
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Fig.1 Release rates of DS — CNPs@Dex — Gel in vivo
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Fig. 2 Distribution of DS — CNPs@Dex — Gel content in gastrointestinal

contents of rats within 1 — 7 post — oral administration(r = 6)
2.3 FAARIFNZSHEHNE
Dex HI DS — CNPs@Dex — Gel 7£ K BRI 92510 3h

J12% BB 7R, DS — CNPs@Dex — Gel B AUC Hy [R] 25 5]
1 Dex 1 61.95%, H 1, . C,...,AUCK Dex HIH i 3
Z5(P<0.01).7¥ W5 3. Dex Al DS — CNPs@Dex — Gel
TER BRI 10 2596 FE - BT 28 s, Dex B
J&5 W WCGH , DS — CNPs@Dex — Gel 2 B 5 7644 P9 19 1%
WCRN T BRI 2% 18 o T WL 3. 7] UL, DS = CNPs@Dex —
Gel LR FEAIK C,,, AR/ 4> B 55 58 B RHIE

£3 KRES Dex 5DS - CNPs@Dex — Gel FRIZGHR B 13

SHEB(X+s5,n=6)
Tab.3 Comparison of pharmacokinetic parameters of Dex and

DS - CNPs@Dex - Gel in rats after oral administration (X * s,

n=6)
. RAERE KR ABRENAHLTER
(h) (pg/mL) (pg+h/mL)

Dex 41 1.67£0.32 7.01£0.13 20.08 £ 0.10
DS - CNPs@Dex - Gel 22 2.50+0.19 4.55+0.26 12.44+£0.07
tE 5.47 20.74 153.40
P <0.01 <0.01 <0.01

MZGHE / pg-mL~!

8] —— Dex4l

7

6 —&— DS - CNPs@Dex ~ Gel 41

5

44
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RE - BFEI 2% (n = 6)
Fig.3 Average blood drug concentration time curves of rats after
oral administration of Dex and DS — CNPs@Dex — Gel (r = 6)
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TNBS 21/ EUAA BT i 7 22 T B, JC IR TNBS + Dex 41 |
TNBS + CNPs 21 .\ TNBS + DS — CNPs@Dex — Gel £ /)7 i
PR T B Y RFSL N R, HT R IR BE 2% TNBS 4 #2734,
t1 TNBS + DS — CNPs@Dex — Gel 2H /)N B4 B & JL PG
Ak o BT A AN [R) 25 4 AR B UC /N B, o LA 5 0
B —E M AE, Dex, CNPs, DS — CNPs@Dex — Gel
PIXF TNBS #5519 UC A 44, H DS — CNPs@Dex — Gel [
ISP T Dex 1 CNPs R ILE 4.

PRI %
120 —# Control 41
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TNBS + Dex 4

—e— TNBS + CNPs4i
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Fig.4 Body mass change curves of mice in each group (r = 12)

Xt 45 W48 B0 52 < Control ZH /N R 25 4B 58 8%
JEH A0 s TNBS 21 /0N BRU25 T  BE 4 , 78 Fe i A ik
9% B4 ; TNBS + Dex 41 .\ TNBS + CNPs 41 #1 TNBS +
DS - CNPs@Dex — Gel ZH /)N 519 25 1735 5035 ¢ TNBS 244
R A L 7 I R e 30 2 sk A, 465 B T2 25 Por el 5, G
TNBS + DS - CNPs@Dex — Gel 2H (19 2k #5025
Control 41 0% , TNBS 41 \,TNBS + Dex 41 .TNBS + CNPs £
B 45 1 78 B0 i 2 FFE5 (P < 0.01) 5 5 TNBS 41 [ #%
TNBS + CNPs 2H . TNBS + DS = CNPs@Dex — Gel £H /) i,
B 45 i 5 B 1 B FFEAR (P < 0. 01) .22 W1 28 Dex, CNPs,
DS - CNPs@Dex — Gel 1647 )& , /N UCHEAR IS 15 2 AT
TR B M MBS, 245 B 4 J R 4090 55, 20 I B 42 4
B 1 TNBS + DS — CNPs@Dex — Gel 21 119 45 I 45 B e
BUE 23T Control 21, 38 B HAE S8/t UC IR 7 1T 5%
ML GIT i TEILER 4,

R4 BENREFIEHLLE (X 25,0 =12)

Tab.4 Comparison of colon indexes of mice in each group (X *s,

n=12)
w3 Zhki(em) ZWAE() “HiEH(g/em)
Control 41 8.75+0.24  0.95+0.15  0.11£0.02
TNBS 4L 3.93£0.44  1.24£0.24  0.32+0.07
TNBS + Dex 4L 4.66+0.60 1.30+£0.27  0.28+0.06°
TNBS + CNPs 4L 5.35£0.48 1.17+£0.26  0.22+0.05*
TNBS + DS - CNPs@Dex - Gel 24~ 8.20+0.43  1.31£0.32  0.16+0.05°

7E: 5 Control ZL¥642,"P < 0.01;%5 TNBS48M4,"P < 0.01,
A5F.

Note: Compared with those in the Control group, P < 0.01;com-
pared with those in the TNBS group,*P < 0.01 (for Tab.4 - 5).

XT DALPESr 5 MPO V5 TER S0 « 5 Control 2H HL#5,
TNBS 4] . TNBS + Dex 4 .TNBS + CNPsZ/NREI D AT

FIMPOIEIE B ET R (P<0. 01) ; 5 TNBSZH H#, TNBS +
Dex2H .TNBS + CNPsZH .TNBS + DS = CNPs@Dex — Gel 2H
/INEUE DAT 431 MPO 6 4 34 18 25 R AR (P < 0. 01) , 3
B Dex, CNPs, DS — CNPs@Dex — Gel X} TNBS i /1 UC
BB /N B3 AT B8 1 3R 97 A . TNBS + DS -
CNPs@Dex — Gel 4111 DAITT-535 MPO 1% M7E Ir A ¥697
2H v YA SR AR, 2 B2 R A DR A8 e R TG 2 PR
FARRRT S TR S,
x5 FH/MRDAIESSMPOFEMLLE (X £5,n=12)

Tab.5 Comparison of DAI scores and MPO activity of mice in

each group (X = s,n = 12)

48 31 DAL 4 (%) MPO#EM(U/¢g)
Control 41 0 0.12+0.05
TNBS 41 3.90+0.32° 1.83+0.05
TNBS + Dex 41 2.70+0.48%  1.23+0.04"
TNBS + CNPs#L 1.90£0.57%  0.41%0.04"
TNBS + DS - CNPs@Dex - Gel 2 1.00 0. 67* 0.19+0.03"

XoF JUE # 4E H0 AU B2 1 : Dex A1 DS — CNPs@Dex — Gel
AT R 6 B KR N i R S e 2 AR, X0 AR
B RS B IR B B IETR A T R L
Control ZH .35, TNBS + Dex 2H /)™ 5517 e gt 48 %5 . o i 45
B i 2 FEAL(P < 0. 01) ;5 TNBS + Dex 41 H 45, TNBS +
DS — CNPs@Dex — Gel ZH/NERUA% i s 25 LIRSS 25035 i
FZTHE (P <0.01) 0] WL, Dex VAT RN RS RR I 2 47
—E 5, T DS — CNPs@Dex — Gel VA YT HEA R85 %
g Ji | RLDE B A 407 , O Ak H A% T e, H Dex F1 DS -
CNPs@Dex — Gel 21/ 52 .00 fE JFFIE il A2 ' ik, 2% B
TNBSI3H UC AR e B, LM m R 5.
3 iTig
3.1 ZIFHBEESEY R

i 8 2 7] WL, DS — CNPs@Dex — Gel 75 5 1% T 7 i
fif BE T 1 Dex F11 CNPs AH FH se ARk E: R AN E 4 i, H
R 23 WD A AL LT 45 0k R WTE W 40 BT
IZIKEE I ) i i B AT AR AR e — 2B BRI T DS -
CNPs@Dex — Gel HA [ 414 45 17 #H8 1a) 1A 1A 0 A [ fige
o Ak, #E ' DS — CNPs@Dex — Gel Ji , AS [R] i) [] 5
Dex 7E 1 16 18 £5 FB AL (04 43 A7 15 Al BE A 30 A= 9y ]
filPE FNZE I ¥ e 1 L 4525 7 h )G , DS — CNPs@Dex — Gel
BN R ER IR AR A5 N 2T R R it
Dex 77 fik B0 (E , HE o H 5/Nm NPt S,

3.2 BRIINESHER

t 230 0L, HE B 44255 , DS — CNPs@Dex — Gel 41
Bt B Dex 4 18 25 JE K (P < 0.01) , & W] DS -
CNPs@Dex — Gel 7E 14 NI BREC S 1 , 254 W WSC A 1 s
[8] 4E J5 ; DS — CNPs@Dex — Gel ZH#Y C,, %% Dex 41 i &
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Note: Compared with those in the Control group,”P < 0.01;compared with those in the TNBS + Dex group,*P < 0.01.

Fig. 5 Comparison of organ indexes of mice in each group (n = 12)

FEAR (P < 0.01), 5 DS — CNPs@Dex — Gel 24 ¥ B ik 2%
P I 259 B AERFRARK A 55 DS - CNPs@Dex — Gel 41
1) AUC %5 Dex 41 % 35 K& (% (P < 0.01) , & B DS -
CNPs@Dex — Gel A fdf IS0 A Il 1) 245 49y ik o5 AR, i 2>
254 4 B PRI, AT RE 25BN KRN o 1 9E 45 R A
DS - CNPs@Dex — Gel 7EAE PR A RME 5 % 2 PET
MR AL T SEEGAK R, A JE A2 DS — CNPs@Dex — Gel
) A= P D5 B I R 25 2 9 B T A
3.3 A NEER

ANTA] i Z2 /N BT TNBS B9 8508 A [R], KM/ BROXE
TNBS [ EUBME R &, SO 5 i 88 KM/ BREA T 24
N S22 52 L) 2. 5% TNBS VAT E 15 1Y v A% 7 =X ol
W T UCHEERY, /N BRUA A T St ok 58, 285 W 4 3 4 e
DATLVES35 MPO {E 3 T+ 8 AR 45 R R, 48 DS -
CNPs@Dex — Gel 167 5 , /N B i 1228 [l 5, 245 24
6 d B # 3t Control 2H 7K °F- ; DAL ¥ 43 Fil MPO i 1 %%
TNBS 203 2 AL (P < 0. 01) 5 B8 55 I 0 48 H
Dex 41 i Z THE (P < 0. 01), 3B DS - CNPs@Dex — Gel
XA UCH IRITVEA . i WL, DS — CNPs@Dex — Gel fig
VD 25 AR RILAAR P 1 4 B PR WAL U 2 ko o A ML O £
45, AT T BE RN B Ry & A XU < e 40, 12 4l 571
PRI R 7 33697 UC, n] 90 Dex 7 5 45 58 3817 Ok /Y 9

L B PR E R
S 3k

[1] Du L L, Ha C. Epidemiology and Pathogenesis of Ulcerative
Colitis[J]. Gastroenterol Clin North Am,2020,49(4) :643 — 654.

[2] Le Berre C, Honap S, Peyrin — Biroulet L. Ulcerative colitis[ J].
Lancet,2023,402(10401) : 571 - 584.

40

[3] Kucharzik T, Koletzko S, Kannengiesser K, et al. Ulcerative
colitis — diagnostic and therapeutic algorithms[J]. Dtsch Arztebl
Int,2020,117(33/34) :564 — 574.
(4] Zhang Y,Ma R R, You C Y, et al. Hyaluronic acid modified oral
drug delivery system with mucoadhesiveness and macrophage —
targeting for colitis treatment (7. Carbohydr Polym,2023,313:
120884.
[5] Dong K, Zhang Y, Ji H R, et al. Dexamethasone — loaded lipid
calcium phosphate nanoparticles treat experimental colitis by
regulating macrophage polarization in inflammatory sites [J].
Int ] Nanomedicine,2024,19:993 — 1016.
[6] Madamsetty V S, Mohammadinejad R, Uzieliene 1, et al. Dexa-
methasone: insights into pharmacological aspects, therapeutic
mechanisms, and delivery systems [J]. ACS Biomater Sci Eng,
2022,8(5):1763 ~ 1790.
[7] Saparbayeva A, Lee J, Hlaing S P, et al. lonically bridged dexa-
methasone sodium phosphate — zinc — PLGA nanocomplex in
alginate microgel for the local treatment of ulcerative colitis [J].
Arch Pharm Res,2023,46(7) :646 — 658.
[8] Li X,Han Z H, Wang T Y, et al. Cerium oxide nanoparticles
with antioxidative neurorestoration for ischemic stroke [J].
Biomaterials,2022,291:121904.
[9] Gao Y Y, Zou J, Chen B, et al. Hyaluronic acid / serotonin —
decorated cerium dioxide nanomedicine for targeted treatment
of ulcerative colitis[ J |. Biomater Sci,2023,11(2):618 - 629.
[10] Kim J, Hong G, Mazaleuskaya L, et al. Ultrasmall antioxidant
cerium oxide nanoparticles for regulation of acute inflamma-
tion[J]. ACS Appl Mater Interfaces, 2021, 13 (51) : 60852 -
60864.

[11] Zhang B, Chi L L. Chondroitin sulfate / dermatan sulfate — pro-

tein interactions and their biological functions in human dis-



