« 5074 « PER 20254678 B56% B 148 Chinese Traditional and Herbal Drugs 2025 July Vol. 56 No. 14

REMERBITRETEERZHEN SN RGBT KRB SR

REEE 1, AbAEE !, KERL F O OARY B OB NTH, £ OBRR2 Kk KRV, FHmC

I G RZEZR, IR IkIT 276000

2. FETI A QLEARER, WEBSPIR T, IWES KIS oIS N AR R S =, WE FHE
250014
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R PR A B A AMIE WU« PR BT UL S REDhfg s @i S e AR 2 22 A0 M B2 . BEASZHAN TCS 41K RUR AR
W% 5 KA Western blotting £ K S 2HA a-FIg LB & H (a-smooth muscle actin, o-SMA). B 4HfE#kEIE-2 (B-
cell lymphoma-2, Bcl-2) . R EFRIEILE A (adenosine 5'-monophosphate-activated protein kinase, AMPK). p-AMPK F1
TR (aryl hydrocarbon receptor, AHR) HIEEHTIE. RAMCLEFHG SR HK-2 GOV R %, @il g e o
TCS X =M% 516 HK-2 40 9 ROS /K-F K JAT-[520, @it Western blotting 43 #T TCS ¥ =i #5175 5 1) HK-2 41/l a-SMA.
Bel-2. AMPK. p-AMPK fll AhR HEHFRIEKEM. 4R SHEBEANE, TCS ARG SWHERD, RERE, K
JRUTRE E D TCS 7R PRI DKD KR MHE (P<<0.05. 0.001), ¥EhnfAiz (P<<0.05. 0.01. 0.001), HEFREE.
M AEANVE ThEEAH e AR K (P<0.00D), fRIFEFMEIESThEE. KEIRBEERE MARBAEE o4 R Bon, AERAEN TCS
Y697 DKD M EEERSRAE. ML RER, @A SEAMBE TN, M 25 ng/mL TCS fE85 A EANH 41/ ROS /K
TFRIZHARIET. . Western blotting 45 R Bk, TCS B3 i DKD K 'EHSF &HESH HK-2 400 a-SMA. AhR F1 p-
AMPK/AMPK #£i& (P<<0.01. 0.001), 23 Fifl Bel-2 FEH#KE (P<0.05. 0.001). £51® TCS AJLLU#EL ™ AhR M F 1)
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Abstract: Objective To explore the effect and mechanism of trichosanthin (TCS) in treatment of diabetic kidney disease (DKD).
Methods A total of 30 SD rats were randomly divided into control group, model group and TCS (20 pg/kg) group. After modeling,
TCS intervention was given for nine weeks. The changes in blood glucose and body weight of rats were monitored during the
experimental process. After administration, changes in renal structure were observed by hematoxylin-eosin (HE) and Masson staining.

Levels of insulin and lipid in serum were detected. Levels of albumin in urine, serum creatinine and blood urea nitrogen were detected
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to evaluate renal function. The differences in urinary metabolites among control group, model group and TCS group rats were analyzed
through non-targeted metabolomics analysis. Western blotting was used to detect the protein expressions of a-smooth muscle actin (a-
SMA), B-cell lymphoma-2 (Bcl-2), adenosine 5'-pyrophosphate activated protein kinase (AMPK), p-AMPK and aryl hydrocarbon
receptor (AHR) in kidney tissue of rats. High glucose-induced HK-2 cells were used as the research object in vitro, the effect of TCS
on ROS level and apoptosis in high glucose-induced HK-2 cells was analyzed by immunofluorescence, and the effect of TCS on
expressions of a-SMA, Bcl-2, AMPK, p-AMPK and AhR proteins in high glucose-induced HK-2 cells was analyzed by Western
blotting. Results Compared with model group, TCS group showed a significant reduction in renal vacuoles, inflammation and
collagen deposition in rats. TCS could significantly reduce blood glucose (P < 0.05, 0.001), increase body weight (P < 0.05, 0.01,
0.001), regulate insulin, blood lipids and renal function related indicators (P < 0.001), and protect renal filtration function in DKD rats.
The non-targeted metabolomics analysis of rat urine showed that tryptophan metabolism was the main pathway of TCS in treatment of
DKD. The cell experiment results showed that high glucose induced cell apoptosis increased, while 25 pg/mL TCS could significantly
inhibit intracellular ROS level and cell apoptosis. Western blotting results showed that TCS significantly down-regulated the
expressions of a-SMA, AhR and p-AMPK/AMPK in kidney tissue of DKD rats and high glucose-induced HK-2 cells (P <0.01, 0.001),
and significantly up-regulated the expression of Bcl-2 protein (P < 0.05, 0.001). Conclusion TCS can improve apoptosis and treat
DKD by regulating AhR mediated tryptophan metabolism pathway.
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Fig. 1 Effect of TCS on blood glucose (A) and body weight (B) in DKD rats (X + S, n =6)
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Fig. 2 Effect of TCS on levels of insulin and blood lipid in DKD rats (X £ s, n=3)
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Arrows in HE staining indicate vacuoles in glomerulus; Arrows in Masson staining indicate collagen deposition.

3 TCS 5 DKD AR BALHRIBENL (A, X200) FIEZINEE (B) BN (X+s,n=3)
Fig.3 Effect of TCS on pathological changes of kidney tissue (A, x 200) and kidney function (B) in DKD rats (Xt s,n=3)
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KEGG 7 iréh R iow, S HEZH vs B ZH DL R AR 7Y 20
vs TCS M|k J HLATAERD . RIR B IR S LR B AR G
R rH (B 4-E. B, BEBRASHAHTEE
&%, /& TCS JAJ7 DKD HIIELENLH.
3.6 BRERNKEHSHT

A B e AU 4 2 o AT R G e S AT AR R
JRETR S R B 75, RRC 2



= 5080 »

*ES 2025678 HseH F14M

Chinese Traditional and Herbal Drugs 2025 July Vol. 56 No. 14

(QEAE)12-5
G

A-PCA; B-PLS-DA; C-ZFRif#r)KLE: D-Hi 50 & H &

k-
E

PC2 (21.88%)

3-
5-

10 -

o
shonddproma

DKD-4
DKD-1,Q40KD-3
K0-2

©
o QC

oc1

Sham-3

_10 4

10.0

7.5

5.0

25

* %R
A TCS

AP-1
TAP-#ifirap.

T3

. —1<<log;FC<<0
0<10§;FC<1
P RTE A
® Jog,FC<-1
® Jog,FC>1

= =

& ? 35 ‘

) = o IE = S

i e e I e
mEro e Eims_somaE | SRS B T > T m e
SBRaE ERE-RE, BEESDR. B ERE RSB RE R e EE
: EEE NS R B S1shl

I BN
- — — ]

A
HTcs

= =

IR AT L)
A AR
L
A&thim
UiEES
i%é&mi%
é??&mim

e
T MR I T
EITEY

i | _IIIIl!!!IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 111

log:,FC
—lgP
0
0.5
1.0

vs HETULE 22 ZACEIIK) KEGG 43T .
A-PCA; B-PLS-DA; C-volcano map of differential metabolites; D-top 50 most significant differential metabolites; E-KEGG analysis of differential

R2(0,0.389 8), 0% (0, —1.64)

. ® R?y (cum)

P A Q7 (cum)

1.5

1.0

0.5

0.25 0.50 0.75

similarity (Y, Yperm)

1.00

10
mapped percentage/%

15

wmine setscziffl)

o’ el

0 10

20 30
mapped percentage/%

40

FEMMZERAUWY; E-XIRA v #0AH 2 7AW KEGG 70 47; F-TCS 4

metabolites between control group and model group; F-KEGG analysis of differential metabolites between TCS group and model group.

El4 JFEEKHHEF DN

Fig. 4 Non-targeted metabolomics analysis



FED 202567 H $56% B 148 Chinese Traditional and Herbal Drugs 2025 July Vol. 56 No. 14

= 5081 »

BTG BOCRIRIE, Atz B
TR 3 FEA (BIRAREIER. ISR SRE.

RIRABRIERE) M & &, SR 5 R,
LB UL, TCS HM5I-3- LR \4-(2-Z FE R I )-
2,4-"EMR TR, RIRMR. 3-FRILARE LI F RIS |
WERSEEETE (P<0.05. 0.001), 2-%IL%
A B C D

8 _ 6 ~15
6 X
z Ly =10
& 4 ® [
N B N N
(,:1 ) ,,:} 2 I;'20.5
) = B = Hi
) 29 0
W B TCS M R TCS R B TCS
G H_ I
15 "é 15
o e 28 D i
(=] % ;
3 10 2 6 X10
- i AT ﬁ
% O bl 5,05
2 mg‘ 2 = s*okk
% !
b

0 0
i B Tes KX B Tes AR TCS

AT

2-FFRIE)2,4-
(X 10%)

~

—

B (X10%)

My FR P R T R i Wl 3 PRI (P<<0.001), 3R B TCS
X R AR IR A2 R R PR Z iR 4 B A 1E A
3.7 TCS Xt DKD KR E2HE a-SMA. AMPK,
p-AMPK. Bcl-2 #1 AhR B RIARIFNT

Wik 6 AR, SxHIRALE R, BRI S A
21 a-SMA. AhR & HFKIAK & p-AMPK/AMPK

E F
~15 1.0
3 sokk S n
” 208
2 <10 L o6
HH i #%
g #r 0.4
I Sos 50 it
= 0.2
0 A 0 0

X 8 TCS S HE TCS B H TCS

K L
20 8 i 4
< =
b= X
15 3 6 <3
~ &
10 ® 4 & 2
* 2] B
5 Hi w2 wr 1] 1
= # i
0 = 0 B

X B TCS T 8 TCS X B TCS

A~D-BIBARBEARF KRB B F-MEFEAE KRB G~ L-RIRERGE AR

A—D-metabolites related to indole metabolic pathway; E, f-metabolites related to serotonin metabolic pathway; G—L-metabolites related to kynurenine

pathway.

E5 ZHEABIRAMHRETERHMENSEEN (X£s5,n=3)

Fig. 5 Changes in relative contents of main metabolites involved in tryptophan metabolism pathway in each group (X = s,n=3)

X B TCS

g

a-SMA e (42104 ]

(=N

<

g

AMPK 63X 10 5
P-AMPK | g & |63x10°
Bel-2 | we . |2.6%x10*
ABR T losxao

g

B-actin | wems wwm awm |4.2<10* 3

@

]

3

m

fiiizid #
sk
10 4 ok
54
0

Pt
. 044 dokk
0.3
0.2 4
*
H#H# 0.1
0o -

AR R TCS

154

p-AMPK/AMPK

X B TCS R B TCS

AhR/B-actin

I B TCS

6 TCS ¥t DKD AR 'Z4840 a-SMA. AMPK. p-AMPK. Bcl-2 1 AhR EHRIEMEMN (X +5,n=3)
Fig. 6 Effect of TCS on expressions of a-SMA, AMPK, p-AMPK, Bcl-2 and AhR proteins in kidney tissue of DKD rats
(Xxts,n=3)



+ 5082 « PER 20254678 B56% B 148 Chinese Traditional and Herbal Drugs 2025 July Vol. 56 No. 14

5 ZTH (P<<0.05. 0.001), Bel-2 & A EIEKT
B K (P<0.001); HRIAIALLEE, TCS 4K
BFHL a-SMA. AhR & RIEKF K p-AMPK/
AMPK i & #FF#K (P<0.01. 0.001), Bcl-2 F£H
Tk EZE TS (P<0.05), F£H TCS 7] LIA R
PHILF St it R, DD AT, [FIR R AR &
i, AR .
3.8 TCS X} HK-2 LA RS HEIE S HK-2 4858
EIRIF N

Wik 7-A Fizr, 3.125~100.000 pg/mL [¥] TCS
XF HK-2 4 3 1 6B 520, 200.000~ 800.00
ug/mL (1) TCS &2 #| HK-2 4% /1(P<0.001).

A
150

100 —

SN J1/%

50—

% . ks ) ##
~ [f ,, :

% *ﬂf*

r4 seokok

. ‘_l’é T . U T

& 3.125  6.250 12.500 25.000 50.000 100.000 200.000 400.000 800.000

fEF =P85 T HK-2 4000, R4S 3 TCS +1,
Kl 7-B fion, SEAYAH AL, 6.25. 25.00 pg/mL )
TCS &3 L mbEd 510 HK-2 40 j3E /1 (P<0.05.
0.01). [, %4 6.25. 12.50. 25.00 ug/mL ] TCS
AT ]G 85250
3.9 TCS W EHEIHFSH HK-2 418 ROS FUAT7K
S a:p A
i 8-A Fion, SRR, A0 A
ROS “Jeam g nE; SR LhEL, TCS &FIE4
?Hﬂﬂ’wﬂ ROS % 658 5 9% 55 . i i Annexin V-FITC/PI
GG AT, Wk 8-B i, mikis a4
E@ﬁti“bﬂ MM =& ) TCS B R AHI4apE .

I

SR MR 6.25 12, 50 25.00 50.00 100.00

1504

_

=)

S
|

\‘\\\Q

YRS 71/%

W
=
|

TCS/(ug-mL™)

TCS/(ug-mL™)

B 7 TCS 3 HK-2 48ff1 (A) URSHEFSH HK-2 4188 (B) SEAIMIFNT (X+£s,n=6)
Fig. 7 Effect of TCS on viability of HK-2 cells (A) and high glucose-induced HK-2 cells (B) (X s, n=6)

A

papict TCS 6.25 pg-mL™!

TCS 12.50 pg'mL™"  TCS 25.00 pg'mL™!

) -----

B
green

o

e

Merge

B8 TCS X=HEHESH HK-2 445 ROS (A) FUET (B) KERIEM (X10)
Fig. 8 Effect of TCS on levels of ROS (A) and apoptosis (B) in high glucose-induced HK-2 cells (x 10)



FED 202567 H $56% B 148 Chinese Traditional and Herbal Drugs 2025 July Vol. 56 No. 14

» 5083 »

310 TCS XS#EFFH HK-2 48 o-SMA.
AMPK. p-AMPK. Bcl-2 1 AhR EHRIXHIF N
WP 9 R, SxHIRAL b, A4 HK-2 1
0-SMA. AhR HEEFRIEK- K p-AMPK/AMPK ff i
T (P<0.01. 0.001), Bel-2 FAFRKK T BERE

R B TCS 25.00 pg-mL™!

£
g
0-SMA | e @D | 45504 )
>
@
E
AMPK [ s - 6.3X10*
_ 4
p-AMPK — e | 63x10
-—
Bcl-2 - 2.6X10*
AhR — — 9.5X10* -
3
o
. N
B-actin re— 4.2X10* g

2.5+

2.04

1.5

1.0

0.5+

ik (P<<0.001); SRR LLEE, TCS 4 0-SMA. AhR
EARIEKT K p-AMPK/AMPK. {# 23 &% (P<
0.01. 0.001), Bel2 HEXRBKFEEAT (P<
0.001), FH TCS v] LABFRAF4Efbpr ik, i
HK-2 4RI A diRe,  [RIH0E 1 TR A0 .

5_
¥+
z
2 37
S
<27
o
1_
0_
YR BEE TCS PR HR TCS
25.00 pg'mL™! 25.00 pg'mL™!
0.671
i
£
5 0.4
F
[c=N sk
&
=
< 0.2
e
0 -
PR R TCS IR A TCS
25.00 pg'mL™! 25.00 pg-mL™!

El 9 TCS XSHEAESH HK-2 4B a-SMA. AMPK. p-AMPK. Bcl-2 1 AhR EAFREMEIE (X+s,n=3)
Fig. 9 Effect of TCS on expressions of a-SMA, AMPK, p-AMPK, Bcl-2 and AhR proteins in HK-2 cells induced by high
glucose (X £ s,n=3)

4 g

TR, KAk HAT FEps . R g 1 FH0S-19,
{EILX) DKD Fas71EFH M A B . 4B 7L AORAE
M) BIE M RSY TCS AU %, it HIB)T
DKD 7 20 B o S 56 3ok A A Rp 8 I i oK R it b
KRR, RILTCS A 2Bk DKD K &R LA K
VL MR R, CCERERIAEIR . B SR
ME TN, TCS 1] 3G BE R 51 A 1B AT 45 7 2
A, RFRAYEA . BB KRR ALB KFR3E
T, ULEDIRESZ M, B ANERIEI R K, S
FHHAFBRER, TCS AR+ ALB KFEE T,
YLK BB /N ERUES DhRE S B e . ok, TCS 4
Scr. BUN /K- FHHERFK. AL L TCS A fF
1697 DKD IR

Rt —C B TCS 697 DKD FI/E ML, Xt
KRRBAT IR AR A 20007, g5 R RBLEAE

BRACUE TCS A A EHE . 3t P XA
MR 3 A EEACSHEE KA 2 A 3L, DKD K
BRI RIRIR SRR M5 S AR AR /KT
BF KRB, M TCS Y7 AR E T HoKor, f
7~ TCS B AT VAR PRER AN WA 8 R 1 E - B
A, 25677 DKD (AL 3 2L AR B

PR JORE S T S RO A R A 524 (H
AW TR, DKD 5 2B AR DI R, (A
BRAE N R AR BRI il 2 o0 EE B AR 230, 1
NI ERAEERR, RN R NSRBI 8 Flh
R —, ORREARL WY ANE FAHY
R & TR, AEEVIAR ARSI R A
Mo R AT R PR E IR IR  W5| IR AR AT L7
ISR R FIATEDD s NI RAT AW = w25, B
FRY], RIRARRIERS 5 PR S 11,

TS B B 8 FRARST S DKD R A2 K SR AR SR,



* 5084

FED 2025678 $56% B 148  Chinese Traditional and Herbal Drugs 2025 July Vol. 56 No. 14

I RBITF 75 o, SR AL, DKD & Mg
LR IR IM3E R R ERAK, 1 5-FREEmk 2
R RIRERRAN 3-W| RN /KF T, X AR {5
Scr RIEFA. 5B /NERJE R 2, HXE®
TESHY S th AR RII6E . AhR 7] A ROA S =R AL
W, R SRR IR S IE ARR R I IA B .
NIEBA TCS ¥397 DKD BIfERALS, RAH &S S
HK-2 A @ T ARSMERY, H45 T TCS #HAT T,
S5 R o) TCS AIH K= 5SS 1 ROS /K-F,
FIHIGEME T, IR AL RE . FE— PR,
TCS 7] LUl AMPK Al p-AMPK ik, i
YHMIPET:, WIMIGYT DKD. 48 b, TCS 7] fEisid i
2 AR A F RO ER-RIREARAHIER . H0HI 4
A RN T AEHLE], X DKD R AE &35 1A
JTRR . A FONFEEZ)6TT DKD MIbL St T
i R
FBAR FAHEHEFARFEFZFTR

SEEk
[1] International Diabetes Federation. IDF Diabetes Atlas,
10th edition [M]. Brussels: International Diabetes

Federation, 2021.

[2] Collaboration G C K D. Global, regional, and national
burden of chronic kidney disease, 1990 — 2017: A
systematic analysis for the Global Burden of Disease
Study 2017 [J]. Lancet, 2020, 395(10225): 709-733.

[31 BAWIME, FKEREE. B EE SRR AR S (M) 5B 2
fi B R AR, 2021,

[4] Defronzo R A, Reeves W B, Awad A S. Pathophysiology
of diabetic kidney disease: Impact of SGLT?2 inhibitors [J].
Nat Rev Nephrol, 2021, 17(5): 319-334.

[5] Zhao J, Tostivint I, Xu L, et al. Efficacy of combined
abelmoschus manihot and irbesartan for reduction of
albuminuria in patients with type 2 diabetes and diabetic
kidney disease: A multicenter randomized double-blind
parallel controlled clinical trial [J]. Diabetes Care, 2022,
45(7): el13-ell5.

[6] wvan Raalte D H, Bjornstad P, Cherney D Z I, et al.
Combination therapy for kidney disease in people with
diabetes mellitus [J]. Nat Rev Nephrol, 2024, 20(7): 433-
446.

[7]1 Debnath S, Thomas N, Saliba A, et al. Tryptophan
metabolites and anemia in patients with diabetic kidney

disease [J]. J Nephrol, 2023, 36(4): 1083-1085.

(8]

[°]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Luo Z Z, Liu Y Q, Wang X, et al. Exploring tryptophan
metabolism: The transition from disturbed balance to
diagnostic and therapeutic potential in metabolic diseases
[J]. Biochem Pharmacol, 2024, 230(Pt 1): 116554.
Cervenka I, Agudelo L Z, Ruas J L. Kynurenines:
Tryptophan’s metabolites in exercise, inflammation, and
mental health [J]. Science, 2017, 357(6349): eaaf9794.

da Silva Dias 1 C, Carabelli B, Ishii D K, et al.
Indoleamine-2,3-dioxygenase/kynurenine pathway as a
potential pharmacological target to treat depression
associated with diabetes [J]. Mol Neurobiol, 2016, 53(10):
6997-7009.

Zakrocka I, Kocki T, Urbanska E, et al. Effects of
fenofibrate and gemfibrozil on kynurenic acid production
in rat kidneys in vitro: Old drugs, new properties [J]. Life,
2023, 13(11): 2154.

Kaur G, Krishan P. Serotonin SHT24 receptor antagonism
mediated anti-inflammatory and anti-fibrotic effect in
adriamycin-induced CKD in rats [J]. Naunyn
Schmiedebergs Arch Pharmacol, 2020, 393(7): 1269-
1279.

Lv J, Chen J, Wang M ], et al. Klotho alleviates indoxyl
sulfate-induced heart failure and kidney damage by
promoting M2 macrophage polarization [J]. Aging, 2020,
12(10): 9139-9150.

Jia M, Lin L H, Xun K, ef al. Indoxyl sulfate aggravates
TGF-B1/Smad/ROS
signalling pathway [J]. Kidney Blood Press Res, 2024,
49(1): 385-396.

Shu J, Wang K F, Liu Y T, et al. Trichosanthin alleviates

podocyte damage through the

streptozotocin-induced type 1 diabetes mellitus in mice by
regulating the balance between bone marrow-derived IL6"
and IL10* MDSCs [J]. Heliyon, 2023, 10(1): €22907.
PR, PRSP, SRR, & RRRAER R RS
PR EIIRARR A [J]. WSR2, 2017, 36(20): 52-
53.

Xu J G, Wang Y, Wang Z, et al. Fucoidan mitigated
diabetic nephropathy through the downregulation of PKC
and modulation of NF-«B signaling pathway: In vitro and
in vivo investigations [J]. Phytother Res, 2021, 35(4):
2133-2144.

XIERE, EHRNER. RACK e HE 77 16 T7 B R 3T 1B 7K
FIRIEERCR (0], BEIRIHTIESY, 2025, 28(6): 12-15.
BeTy, WANR], 2, SE RAEH BEREE I 2y 1
B RS PERLEE (7], thAiZh, 2011, 33(12): 2175-2178.



FED 202567 H $56% B 148 Chinese Traditional and Herbal Drugs 2025 July Vol. 56 No. 14

» 5085 »

[20]

[21]

[22]

[23]

Chicas R, Mix J, Mac V, et al. Chronic kidney disease
among workers: A review of the literature [J]. Workplace
Health Saf, 2019, 67(9): 481-490.

Liu G, Chen S, Zhong J, et al. Crosstalk between
tryptophan metabolism and cardiovascular disease,
mechanisms, and therapeutic implications [J]. Oxid Med
Cell Longev, 2017, 2017: 1602074.

Gao J, Xu K, Liu H, et al. Impact of the gut microbiota on
intestinal immunity mediated by tryptophan metabolism
[J]. Front Cell Infect Microbiol, 2018, 8: 13.

Xue C, Li G L, Zheng Q X, et al. Tryptophan metabolism
in health and disease [J]. Cell Metab, 2023, 35(8): 1304-
1326.

[24]

[25]

[26]

[27]

Shen S, Zhong H, Zhou X, et al. Advances in traditional
Chinese medicine research in diabetic kidney disease
treatment [J]. Pharm Biol, 2024, 62(1): 222-232.
Liu L, Xu J, Zhang Z, et al. Metabolic homeostasis of
amino acids and diabetic kidney disease [J]. Nutrients,
2022, 15(1): 184.
Wrzosek L, Ciocan D, Hugot C, er al. Microbiota
tryptophan metabolism induces aryl hydrocarbon receptor
activation and improves alcohol-induced liver injury [J].
Gut, 2021, 70(7): 1299-1308.
Koziet K, Urbanska E M. Kynurenine pathway in diabetes
mellitus-novel pharmacological target [J]. Cells, 2023,
12(3): 460.

[FTiE%iE  F 4]



