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[ Abstract] Objective: To investigate the effects and mechanisms of Cistanches Herba polysaccharides (CHPs) on

ameliorating intestinal aging. Methods: Forty 20-month-old C57BL/6J mice were randomly assigned to the natural aging group,

[KFBH]  2025-09-04
[(EE&THE] Wdba [ AR: A 405 H (H2025423083 ) ¥l b4 o 5 25 45 38 R UR A (2024012,2026240) ;77 J6 48 B 24 B 2= B 58 IR
KT H (20250859) 5 F 5K [ AABL 5 B 4 7 4F S 4 500 H (82505511)
[E—1EE] WEN, WL, TRIT, NF2Y 2582 532205, chengchuanyuanhang@163. com
BEER] kUM 14, EIA B, S P I 25 17 16 3 £ 55T, zhangshixiong1230@126. com
- 163 -



532 B 15 ) HESSEFFFHRE Vol. 32, No. 15
202648 H Chinese Journal of Experimental Traditional Medical Formulae Aug. ,2026

low-dose CHPs group (2.5 g-kg'), high-dose CHPs group (5.0 g-kg"') , and B -nicotinamide mononucleotide (NMN) group
(200 mg-kg'). Another 10 2-month-old C57BL/6] mice served as the young control group. All groups received intragastric
administration for two months, with the young control and natural aging groups receiving an equal volume of saline (10 mL-kg").
Senescence-associated B -galactosidase (SA- B -gal) staining was used to assess intestinal senescence. Real-time quantitative
polymerase chain reaction (Real-time PCR) detected the mRNA levels of senescence-associated secretory phenotype (SASP)
factors, including chemokine (C-X-C motif) ligand 1 (CXCL-1) , interleukin-6 (IL-6) , matrix metalloproteinase-2 (MMP-2) ,
nuclear factor kappa B (NF-«xB), pl6, and tumor necrosis factor-alpha (TNF-a) in ileal tissue. Immunofluorescence staining
assessed the expression of the tight junction protein Zonula Occludens-1 (ZO-1). Immunohistochemistry evaluated the levels of the
proliferation marker Ki67 and the stem cell marker Leucine-rich repeat-containing G-protein coupled receptor 5 (Lgr5). Serum
lipopolysaccharide (LPS) content was measured by enzyme-linked immunosorbent assay (ELISA). Western blot analyzed the
protein levels of inflammasome components NOD-like receptor protein 3 (NLRP3), Caspase-1, and apoptosis-associated speck-
like protein containing a caspase recruitment domain (ASC). Real-time PCR was performed to determine the mRNA levels of
downstream inflammatory cytokines IL-18 and IL-18. Results: Compared with the young control group, the natural aging group
showed increased SA-B-gal-positive cells, upregulation of SASP-related genes (P<0.05, P<0.01) , decreased ZO-1 protein (P<
0.01), reduced Ki67 and Lgr5 expression (P<0.01), and elevated levels of LPS (P<0.01), NLRP3, Caspase-1, and ASC proteins.
Compared with the natural aging group, CHPs treatment significantly ameliorated these aging-related indicators, including reduced
SA-B-gal-positive cells, downregulated SASP gene expression (P<0.05, P<0.01), increased ZO-1, Ki67, and Lgr5 levels (P<
0.01), and suppressed NLRP3 inflammasome activation and LPS release (P<0.01). Conclusion: CHPs ameliorate intestinal aging
in naturally aged mice by reducing LPS levels, inhibiting NLRP3 inflammasome activation, downregulating SASP expression,
promoting intestinal cell proliferation and stem cell function, and repairing the intestinal barrier.

[Keywords] intestinal aging; inflammation; NOD-like receptor protein 3 (NLRP3) inflammasome; cistanche
polysaccharides; traditional Chinese medicine
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1.2 {3 ARG 8 G B B SE R sh
@ A 5 4 #1022 G123 b ofE (AL 15 TACUC-HPHCM--
2025001)
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BTO5N120A005) ; B-2F FL 4k 11 i} (SA-B-gal) J {7 i
& (Je R E B A BRA A, 5845 250003003 ) 5
/N B LPS it 5K 72 W B 7 3 (ELISA) 3 51 & (i
WHEEY T AR A, 585 CSB-E13066m) ;
TransZol Up Plus RNA i | & (dt st =X & =W
BARA R A, 45 ER501-01-V2) ; MonAmp ™
ChemoHS qPCR Mix [ B4 (F5 M) 24 9 B 5 A BR 2
A, 525 MQO00501S ] 5 & 7 58 & 2 1 & ¥ 51 1Y G 4R
F B B 32 K 5 (Lgrs) 2 5 B PR (R = 8 A= W1 4%
RA RS AL 485 30007-1-AP) 5 F /N4 & 11 -1
(ZO-1) H 58 BT 4K \NLRP3 5. 5% [ 47 /& . Caspase-1
B BE BT A TR G BE AR AR (ASC) L s RE BT
A H S -3 1R I S (GAPDH) B 5 BT A4 L 4N
P AZ 38 5 B I (K167 ) PR 5 B B A4 | BRAR i S84k 9 il
(HRP)ARICHY FHT S S 2 3R F1 G(1gG) 91 . F- 40
R IgG — ¥ (¥ [# Abcam 2 # , B8 5 4> % K
ab307799 ., ab263899 . ab179515 . ab309497 . ab8245 .
ab15580.ab6721.,ab205719) .

1.4 Y% CryoStar NX50 %I yK % ¥ F #L . 7500 %Y
S 5 R i R A i 4 xC 2 N (Real-time PCR) X
(% [H Thermo Fisher 2~ 7] ) ; AX B BHOEH #f IL R £
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(B0 8.0 em) , 37 18 W UL TE F K g, B 4T,
VR T A RE
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F AR CR AR R AT B IS /DR
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2 (200 mg-kg") , 4748 X M2 1 ) AR 38 2 A 1S 4%
B A BEER K (10 mL-kg") , LA T2 H .

23 UKEY A WIAE MR W E SR E L %
(30 mg-kg™") , # /Iy BRUBR 5 O 52 it %2 SR A6 . T AT
TE/INERE R, o3 5 1 & B, I 1T i 4 20, i 5 pum
KRG R

2.4 SA-B-gal VLK I iy 8 B-F FLBE 1T IS E M
it SA-B-gal Y+ (01X 50 G Ul B A5 HEAT Yt W 7 45 R
Jei o W 5 Y €0 Y I FH 8 1R £k 2% o W (PBS) T U 1
Fo A S R L I I R

2.5 Real-time PCR K | 3 % #H 5% 4 W & &
(SASP) 3% JH] TransZol Up Plus RNA izt 7] £ 42 It
7] 7 20 20 (1 B RNA, I Fll HH GoSeript™ I % 5% &
Gt 56 WU SR o ] 45 1 42 °C 15 min, 70 °C
15 min, 4 °C 10 min, P J5 , i & MonAmp ™
ChemoHS qPCR Mix i | & #F 1T Real-time PCR 43
M, R 2 14 4 95 °C 10 min, 95 °C 15 s, 60 °C
1 min, 3£ 40 MG . HEAE MLy 95 °C 15 5,60 °C
155,95 °C 15 s, LA GAPDH N N 2, ffi Fj 2205 1
FE L I A AR B A A R R R (56
[ Promega /Al ). 51T HIILFE 1,

*1 5|¥F3
Table 1 Primer sequences
Gk FH1(5"-3") K /bp
pl6 i GGCTCTGCTCTTGGGATTGG 147
Tt ATCGTGCGATATTTGCGTTCC
TNF-«  |"Jf CCCTCACACTCAGATCATCTTCT 61
T it GCTACGACGTGGGCTACAG
NF-kB L AGTGTGGAGGCTGCCTTGCGAATG 180
Fiif TGGGCTTTCAAGACTGGAACGGTC
IL-6 -9 CTTCTTGGGACTGATGCTGGTGAC 94
T# AGGTCTGTTGGGAGTGGTATCCTC
MMP-2  [if CCATGTGTCTTCCC 122
T CCCCACTTCCGGT
IL-18 i TCGCAGCAGCACATCAACAAGAG 97

T AGGTCCACGGGAAAGACACAGG
IL-18 |3 AGCTTGTGAAAAAGAGAGAGACCT 101
T i GCTAGTCTTCGTTTTGAACAGTGA
GAPDH [ iif TGGATTTGGACGCATTGGTC 21

Fif TTTGCACTGGTACGTGTTGAT

2.6 RIEDOCYO R 2O-1 Kk B REHAHR
B2 TE 4% Z B W EE T HAES pm GV A . U A
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28 0.3%Triton X-100 3% 1k 15 min, 10% 111 2 [fil 7§ =
HEH 1 he A ZO-1—41(1:200)4 CHF L,
PBS Ik 5 M & Cy3 #5ic = $1 (1:500) == it ikt O
1 h,4,6-—JpkFE-2-FE B 05| (DAPT) Y4 4% 5 min, 3T
PECVE TGN B B LR BB R E R . KR
J 3 33 Image Pro 3R 41145,

2.7 PR ALY A I Ki67 Il Lgrs Rk R4S
B ALY R R G U K N R S —
Pt Ki67(1:1 000) F1 Lgr5(1:200) 1 4 °C F & i
B H AR B 5 E L 3,37 - A SRR e

BLWE . BEENBRIETE (BCA) LI E KA
W AR E 2 g- L', HUAF 5 86 11 (20~40 ng) & 1+
ot B IR N - SR TN T i B K (SDS-PAGE) HL UK
S 1 5 2 B L 2 s (PVDF) . 5% i g 4 =8
Wk B 1 h, 430 A — $TINLRP3 (1: 1 000) .
Caspase-1 (1: 500) . ASC (1: 1 000) . GAPDH (1:
1 000),4 °Cid % ] 2 HRP #5ic —Hr(1:5 000, % IR
1 h) o PR & P I 38 3% 22 o ik (TBST) Bk IS 1 5%
F+A B8 , Image-pro Plus 6.0 #4402 H ) & 1 K &
{8, BT 1345 B ¥ UL GAPDH &4 8 & B k17 10— 1k

(DAB)W W 0, 62 WA FER 4 . P30k AR, 8 Image TR/ #E AT 50405 5347 o
% B 3 1 Tmage Pro #1114, 2,10 Seitar it goitor b 5 R R 2 i B
2.8 ELISA Kl LPS /K [a] 2 7 L i A #r SPSS 26.0 # 4 } GraphPad Prism 8.0.2 % {4 58 i, , 52

b SRR BE A AL 100 pL, TEIR T H 1.5 he
Bt 5 1) 2% L S 0 BRAR 2o 45 Ak ) i (HRP) #5121
BERE R M B, B L 100 pL, 4k 22 0% 7 30 min.
ZJa  FEREE AT IMA AT, KB 30 min, A
ZL kW, 7E 450 nm 1 A I e 25 FLIROGE A

2.9 1K A B 2 (Western blot) A6 i) NLRP3 |
Caspase-1 ASC & H/KFE /N F 7 4 21 30 mg
TR RS 0 B R e R O R0 0%
o BE UL IE 7 M 2L /% 3 (RIPA) , vk b 24 f# 30 min,
4 °C .12 000 r*min" & > 15 min( & .0 4% 8.0 cm)

I EHE LA X + s 3R2om , R FH LR &R 5 22 0 1 (One-way
ANOVA) VAl 4[] 22 53, IF LA (Tukey) K 50 /E h
HIGLEWR T, P<0.05HESAESIH¥E X,
3 £5
3.1 KRR E £ B X 7 i SA-B-gal i Tk 1Y 5
SA-B-gal Ye A 45 R W], HARRR X FEUZ LU 82, H 4R
TE AN R B 4 2 SA-B-gal FHA: 41 ig 7K - BH 2
Fhi s 5 AR B A R, AR 2K & =
4 SA-B-gal FHHE IR B D . RS R FW AR
BREEARYIRA AL w2 NER. W 1,

D E

TE: ASERRXT AL B AR AL C. AR 2 IR0 ik 21 5 D. PR A 20 Ml v 71 ik 241 5 BB A0 TG g P A 1 TR 20 (P 2- T 4 1))
B1 HKELSHE(CHPs)X FE SAB-gal FB R (SA-B-gal Y {1, %200)
Fig. 1 Impact of Cistanches Herba polysaccharides (CHPs) on Activity of intestinal SA-B-gal (SA-B-gal staining, x200)

3.2 WK ZEZHEXT SASP IS I 5 4F 7 0 I 4]
W, B R4 CXCL-1.IL-6 ,MMP-2 NF-«B .
pl6 & TNF-a mRNA 3 ik 7K 3 B & 7+ & ( P<0.05,
P<0.01). 5 HRT LAY LE, N KE L

R2 CHPsWEZ/NREHEL SASP mRNA IS (xs5,n=10)

fiX .= 2 41 b & SASP A5 5 ) mRNA & ik 7K F
Yo R A B2 B I (P<0.05, P<0.01) . b ik&h
FW RO 2 B H T SASP W F 4y W .
W2,

Table 2 Effect of CHPs on SASP mRNA in colon tissue of aging mice (x£s,n=10)

4150 Fl /g k! CXCL-1 IL-6 MMP-2 NF-«B pl6 TNF-a
ARIZ AT B 2 1.000.09 1.02+0.22 1.01+0.19 1.15+0.73 1.10£0.56 1.01+0.19
ERAS -S| 3.18+0.79” 4.08+0.34" 4.73+0.79” 7.51+1.39” 6.33+0.42% 4.32+0.447
TR AR 25 22 B R 4 2.5 2.24+0.67 2.48+0.37Y 2.47+0.63" 2.69+0.58 1.69+0.26% 3.57+0.11%
PRI AR 28 22 0 v ¥ k41 5.0 1.39+0.12" 1.38+0.13" 1.170.48" 2.09+0.83" 1.26+0.42" 1.37+0.30"
B~ Bk e B A% R 4 0.2 2.21+0.06 2.27+0.59” 2.05+0.29" 3.77+0.87 2.66+0.18" 2.16+0.64"

I SR B R Y P<0.05,2 P<0.015 5 H AR 24 Y P<0.05,% P<0.01(%3-%5F)
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3.3 WARFEZHEXNRBERBEDERNZRE 5 0.01);5 HAZEH LB, WREZ MK 5 i d
@?‘Xﬂ@éﬂttiﬁa AAREEANBAL P ZO-1 A ZO-1 HEHRIKKF BETH R (P<0.01), 48718 A%
B KV AR 42 7 i G B B 2 BE 3R B (P< 2 BEXTIE bR EE DI RE B A RIPERT . ILE 2 K 3.

2 AKEBESHENFEREEEMZM (FRIE5E,x200)
Fig.2 Impact of CHPs on Intestinal Barrier Function (IF,x200)

K3 HARESHEXFEREINGERFHEBEEMMLHRNE (T£5,0=10)

Table 3 TImpact of CHPs on intestinal barrier function and cell proliferation and differentiation (x+s,7=10)

21 51 Fl /g kg Z0-1 Ki67 Lgrs
AR T IR 4] 429.00+7.43 0.400+0.008 0.250+0.005
EpS - E 2 165.63+33.22% 0.250+0.002% 0.220+0.002%
TR AR 22 IR 1 4 2.5 418.71+30.56" 0.280+0.005* 0.240+0.004*
TR AR 75 22 0 v 70 4 4 5.0 401.75+31.24Y 0.310+0.011" 0.260+0.003%
BRI e 2 A% R 4 0.2 344.94+21.55Y 0.300:£0.001% 0.250+0.002%

3.4 IR 20T/ B A0 3 5 o Ae i s2 m REIGRD A R 7 20 A0 e A K OF- A5 B R 2

EAR R0 B2 LU, B AR s e 2 W T A L e #, HISChr &Y Lers K F# F1E# (P<0.01) . X
FIR D, Ki67 1k 3 AKX ; ISC bR W Lars /K BeZE LRI AR Z BT BE S S T % 38 4N M 1 5
WETH(P<0.01), 5SAREBHILK, HRKEZL Mot fe . W3 %3,

Ki67

3 CHPsX Rz 4AREIE3E L AR M (Fszdifk , x200)
Fig. 3 Impact of CHPs on intestinal cell proliferation and differentiation (IHC,*200)

3.5 RORE 2 X RAE /MR AT R AE =V R IL-18 7K (P<0.05,P<0.01), L3 5.

ﬂﬁ Eiﬁ%%‘fﬁﬁéﬂ Hﬁﬁ’ E?f?ﬁ%éﬂ LPS7J(SF‘E% NLRP3 | . S— - “av" 118 kDa
TFE5(P<0.01) 5 5 11 9K 564 40 HO e , 10K 55 25 M i —N

1 f 2 LPS K 2 3 R [ (P<0.01) 0 5 AFHR A iR
41 LB, A SR 5 % 41 NLRP3 & A /A S & A
\ caro (D O O ORI

NLRP3 . ASC Fl Caspase-1 A & A /KF H ;5 H %

A B C D E
BE 324 25 Tk B ja o
TG UL B, HCE R R i A 2R K R 4 FBANREFALHNLRPIASCH Caspase-1E B RIZREK
¥, ULl 4.3 4. Real-time PCR 45 S i — 0 HIE 52, Fig. 4 Electrophoresis of protein expressions of NLRP3, ASC
IEj 55|3 igng— M8 iﬁ , El 7}§ ﬁ 2 2[]3 H@ E T‘:ﬂéﬁ -+ and Caspase-1 in ileal tissues of each group of mice
IL-18 . IL-18 /K F .3 FiH (P<0.01); 5 Ak =24l 4 Tig

P, AR 2% 2 B AR L v R & 4 W] 2 R 9 IL-18, FEEE R EZE WIS I ANZRA U
- 167 -

Caspase-1 | s oummp s === ss=—— 20LkDa



H325H 15
20264 8 H

HEXBAFZRS

Chinese Journal of Experimental Traditional Medical Formulae

Vol. 32,No. 15
Aug. ,2026

%4 CHPs I 3= £ /B H 744 - NLRP3,ASC # Caspase-1 &
BRIZEHFM (x+s,n=3)
Table 4 Effect of CHPs on protein expression of NLRP3, ASC,

and Caspase-1 in ileum tissue of aging mice (x+s,7=3)

131 I NLRP3 ASC Caspase-1
ZHH!

/g+kg' /GAPDH /GAPDH /GAPDH
AR R 4] 0.10£0.01 0.26+0.02 0.23+0.01
ERS - S 1.05+0.04% 1.11+0.04% 1.06+0.04%

0.60+0.02% 0.39+0.02* 0.86+0.03"
0.27+0.01% 0.18+0.02% 0.26+0.01"

B-MHMEE M AR 0.2 0.31+0.01% 0.20+0.02% 0.54+0.01"

#5 CHPs¥ 3= E /R IME LPS #1E 7 IL-18.IL-18 mRNA & i%
MM (X+£s5,n=3)

TableS Effect of CHPs on serum LPS and expression of IL-18
and IL-18 mRNA in ileum of aging mice (x+s,n=3)

415 . LPS IL-18 IL-18
/g kg
AR IR 4 1.38+0.32  1.01£0.16 1.37+1.34
ARzl 6.26+0.73% 5.53+0.23% 9.90+0.43

KA ZHILH 4] 2.5 3.23+0.58") 2.04+1.49% 4.57+3.76%
RN 2R A4 5.0

B-JABENE AL BRAL 0.2

1.82+0.35” 1.76+0.55% 3.32+1.36"
3.63+1.33% 3.67+1.48 4.84+3.18
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14 5C R R IF R ABIE T, B BH =5 M 2 3 2 1 G B 3R
o B LIRS RSN EAE N BE
TF1] 41 B VB BH AN 2 LT 6 U 7S R T 38, 3
WA SN R E S I E 2 g e
T REA BT AR M ke . Rk, HoosE
%, ARANBEHAR” (RS A ST - M
D)o HE AR HESITE ) RN R S REAE
B I 2R iz A A TR A 2 ek 2 J0E T 5
Ja R 2K HE R A A i R A T A R
A =Y, S Ep e R . ik, BT
HE 2 i T8 3 2 A0 E B AL, D b I B 24 T O
R SRS A

PR e AN B IR BH R G BE 25 ), RS T T8
R Bl (R AR AR /T 28 ) i 2, A A3 {2 31
Cldh T IR R g WA R B AST il
BEE Hbi g2 . SR Km0 R
B DURE S 4R M W > TR AW . TRk,
KR 22 Bl BT 58 HOAT 5 M ok 8 6 465 0 3 28 A A Y
10 A% A 25 B I 46 32 G T . AR 2% 2 M 02 IR
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