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Research progress on the pharmacological mechanism of Rehmannia glutinosa in diabetic kidney disease
NIU Di', CHEN Ruifang', HUANG Xinmeng', LI Changchang', ZHOU Hansong', PANG Xinxin’[1. Second
Clinical Medical College, Henan University of Chinese Medicine, Zhengzhou 450011, China; 2. Dept. of
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ABSTRACT Diabetic kidney disease (DKD) is one of the most common and harmful microvascular complications of diabetes,
and there is currently a lack of effective treatment methods to delay its progression. Traditional Chinese medicine has a long history
of treating DKD and offers unique advantages. As a traditional Chinese medicine, Rehmannia glutinosa has shown potential in the
treatment of DKD in clinical and modern pharmacological research. After integrating relevant research on the pharmacological
mechanism of R. glutinosa in treating DKD, it has been found that the main active components of R. glutinosa, such as catalpol,
rehmannioside D, aucubin, verbascoside, salidroside, echinacoside and R. glutinosa polysaccharides, along with its extracts and
compounds (such as Liuwei dihuang pills, Shenqi dihuang decoction, and Shengi pills), can exert multiple effects by intervening
in various signaling pathways, including advanced glycation end product (AGE)/receptor for AGE, nuclear factor kappa-B (NF-
kB), and transforming growth factor-B, (TGF-.)/Smads. These effects include ameliorating metabolic disorders and oxidative
stress in DKD, inhibiting the processes of renal inflammation and fibrosis, regulating cell death modalities including apoptosis and
ferroptosis, as well as autophagy, and reshaping the gut microbiota. Consequently, it can improve physical and chemical indices
and renal tissue pathological damage, thus delaying the progression of DKD.
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N X S R W H # Rehmannia glutinosa
Libosch. [T fF 5l T AR , A 2505 LIS IRk T
PRATL: ) o ARIEI ] F 2 AN TR] , AT 43 h i b
A S G A I PR R, 2R S o e b 24
57 Y6 DKD B #H B AT ", SR H A
WESE, b ¥ 7 32 Ak 22 i 53 B B B EAT I R AR 4
B E TR PR B4R 2R RS T AR
SCiE A R A A [ N AP O LB AE DKD A 25 BRAE
HLEI A58 IR, USRI Z2 A0 O 5% S AR A6 DKD 6 97
AR 5 2%,
1 HERMER S RIREI7E DKD )AL
1.1 MEEMER S

H AT, Dt B AN [m) 245 FH BB 057 B AR s vh 200 15 25 08
200 RFME AP, IR SE OR RIS
HR 2 AR W 2 Y B, LAMA AR = 2
LTS HEI LA
L1.1  PRamEEmE

WEEE SR P R L AR FEEN—K
BGy , HerPAREEAE iz AR AL S, AU
S B SCEREZG AUy , I B 2020 4R R HP [E 245 M) 51 Sy
b B8 T AR A R AR LA TR R 2R
(advanced glycation end product, AGE)/AGE ZZ {4 (recep-
tor for AGE, RAGE )il # 7E DKD 1) & A5 & & i ik 5 Bt
YERI . Chen 2578 [ & 1 2 RUHE R KK-Ay /)N BB 7
FTAGE 753 (1% 2 240 43 (A 80 v e B, A e m i o 10 )
AGE/RAGE it f#% S HEF if 731 p38 22 245080 1 8
DAL T AR P i R MEE N8 — A 1 R Wl 1R S AL 4, 32D 2 240
T, DN B A PR 85 K, ZE2% DKD #E & . Shu
SRS R I, FERE RS IR DKD /N IS
PRE s, G R AR 1 MU RIR 28 A S48 hs , T 28N
S AGE 175 51 5 /INER P4 e 4 L 2 i R, 92 L e 24
JHIE I, I 9820 9 A 0T R A i 4 £k A 1 -1 (mono-
cyte chemoattractant protein-1, MCP-1) 4 ffd [8] B [ 43+
1 (intercellular adhesion molecule-1, ICAM-1) i) B K -
AR YEFIPLEI PT RE S5 A BN H] RAGE/Ras [R] JE 5 ¢
% A% 51 A (Ras homolog gene family member A, RhoA )/
Rho #H 5% 35 il 18 i€ 55 1 {80 /i (Rho-associated coiled-coil
containing protein kinase, ROCK) il i A4 ¢ . LA A5
FEW A RT3 i I AGE/RAGE 3 i & H R il 47
TE DKD HRFECRAP 12 4 R ] 55 55 2 A E R

HOBEH D 2 5y — i DA b 15 4 EOAY P ks 2 1k
GV BRIEWTIE A IR, 155 5% S BBl St IR 5 3 (sig-
nal transduction and activator of transcription 3, STAT3) %)
R SR K b e i e NS R R LT QTIPS
55 i S 7 1 (suppressor of cytokine signaling 1,
SOCS1) Al it 6 B 45 el 4 il STATS 55, AT 454t
RGN, PR E S X0 Bl A RS S N
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/NGE b R M R HK-2 AT J5 R B, Hb ¥ 1 D Al i
F LR b R A0 AR A ) E- 5 2 4 1 (E-cadherin) 1Y %
ik, TR T AR A N-E5 3 8 11 47 3% 82 1 (fibronec-
tin, FN) 19 JE 26 11 (vimentin) (Y F23k , [R] B R AR B 2 1L
STAT3 £ [ 218 /K P-4 & SOCS1 & FH B Ko X
f& 7R b 8 1 D 7T BB IE i I 55 SOCS1/STAT3 i i , 111 il
o BZS 5 HK-2 400 1 B2 -] 5% 4, 76 DKD H1 iR i
B A i,

Ak - I3 A0 R T v R PR AR TR S A A o
SR, BRI S ) B R A3 RN A-30a-5p YA , #E M
R AT = B 5 1 HK-2 20 i b S8 IR LA I 3R 18
(interleukin-1B, IL-1B8) . @ A FL A F o (tumor necrosis
factor-o, TNF-o) I 7 T3 K B 4 i bk £ 983 2 AH ¢ X 2R
1 (B-cell lymphoma 2-associated X protein, Bax) [/ & ik
K, I U T R R B 41 MG ik L8 2 (B-cell lym-
phoma 2, Bel-2) iR IAIKF oAk BRAR S5 — 20
F5E K B, Mk - SRR 7T 400 61 v WA S Y HK-2 4 i 0
TOFISARE SN, HLS v FEHOmME . F st m] 60, Bk e SR
HEABRMPUETAEN A BT DKDIRYT ; KK
2D e FE MR B0, , PR B AR ROk B2 3
STHEEL, M E SE A PR AR
112 HOEEk

RO M O — R R B
PEWETT (205 AT FIAS R 4G 1145 , Foh B SR 1R
LMALE&Y . ¥ F kB (nuclear factor kappa-B, NF-
kB {55 5 1% 5 DKD %) kA= & R VTG, Al i/ &
HRNE N FNAAAE T4 Z R EAL I 2 5 DKD # "™,
Zhang %" DKD KRR & I, BEE LT BE ISk
S B FN'E T RE , Wiz B IR L 4 , 90 NF-xB 33k,
I REAR NOD FESZ A FAEE 11 454 3R 5G4 11 3(NOD-like
receptor pyrin domain containing 3, NLRP3) | Jjt K & F i
1(Caspase-1) \IL-18 I IL-18 7KV, FR B B S AL HE 11 T 38
1E R T NF-kB 5538 8%, 0] B e 40 e g2, D & #5
3% DKD PfEH . EAH BT M 25 12 o34
RSPy SERIESE , B S AL BT BE A A5 DKD KR
49 ) RE R EF S B4 47 , ek ZD 24 h RER T, BREAIRAE
FIL-6 . IL-1B Fll TNF-a 7K~ , HAE ML 5 400 ) NF-
kBG5S KA . FIRSIIR RN, B AENE B Al id ok
i NF-xB {5 i % , 4% DKD 5 JECR i1

K12 P g AR R A B 05 T 30 1 4R (reactive
oxygen species, ROS) & & 28 Ji, 51 % 48 A6 0 384, il
DKD i), A58 R B, 15 RS LRl s IRk
B /N BR N B2 4B Bk 45 = I Lo (hypoxia-
inducible factor 1-alpha, HIF-1a) F) 2% 3K , $2 155 N 2 T BE
PR s & F5 20 85 I mRNA F38 7K, DU HE 55 24
MOTE T, R . IR, A s R AT RE A BT AR
A Sl 2 M 10040 25 N %0 | (heme oxygenase-1, HO-1)
R, WD R S 5 0 2 4B P ROS (AR 1%, B 45 R
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TR B AT AR HEAE Ry 27 AE A A% Uil 1% 2 — BB AE K
F B (transforming growth factor-B, TGF-B )il %51k .
A WFFEUESE A8 SR 4G 1 v ] DKD K BLUE IEH TGF-B
1 o= LN H (a-smooth muscle actin, a-SMA ) Y
Feik , NI B A YEAk, s B DIRE™ . Tang 46
E— Dbt 5E % B, A R4 1 T L 41 ] TGF-B1/Smad 38
B, T FNL IV B i J5 & 1 (type IV collagen, Col IV )
Ha-SMA [ 1% , i E-cadherin (1 36 3k , 4% B /N
-l B A AR EACFR BE . LB A R A A
DKD Hr HAT G LR 4 g
1.1.3  Hi#Zs

Hb MR RS PTG R B R 0 . Rl
A D-H %05 D-2FFUBE S Z 0500 e 10 Fh 2L L SO 43
TR R G, RS b a
M 2 b 6, HRTAIFSE 24 T Hb o 20500 E )
W

it A AL W T A 3 A W) TS 32 4K y (peroxisome
proliferator-activated receptor vy, PPARYy ) &A% Z A 5%
BB, ELAT R MR RSSOV B B A 0 ] S RE S
SEER™, A SEIHE DKD K BB o & 3, Bs 22 b
Al 2 VR ILA 421 P PPARYy A H R IA T IR 5 iR
45 4 8 A 4 RN 2 BE % 32 1R 4 (gucose transporter 4,
Glutd) [EE 23K, A2 A 7 e A 2 e IR A S R
NI B8R AT IS A LA 7K o o5 — T S, b
EZ CINVIRTR R 0) OO N NNy 1k N ¥ S
Joeh g i LT 24 h PR & AR AR AR R A, FLAE R BLI AT
AE 5 b 2 2B ) 5 2 2 b RAGE FIT NF-B (19335
A RS R, M v 20 AT e A 22 B SR FH AL
il & #40ic3E DKD B1EH -
1.2 HERE

AR FEUE S, 1B HR B T A 24 R AIK DKD A 7Y
R IRUBE AP, et B 2 SO AR AR, X — A g
71 b B IO AT B A DKD T TE IR YT 254 , (B HAE
FALH] HRF B . Liang S HE— 20098 & B, A6 = IR IR
A BENRAL T & (streptozotocin, STZ ) Fa 2 (1) 2 BUBE K
S R BT AL b, B PR O T aE o R ATP 45 & & ftiz
& A1 FIATP &5 & & 12 1 G5 Z2 38 LAl )1 Ak JIE ] e
AL, A AP B B 2R IR T BT B L O Glutl ik
D3 o U ) 28 W e B, o AR It 7K -, DT ke 8 5 i
PR ZETAL, RO PR AR o Toll #5324 4 (Toll-like
receptor 4, TLR4) VA 4 4E 5 I (4 S 8 45 [ -, Al 3
I BERE A7 26 2 N 2R H 88 (myeloid differentiation pri-
mary response protein 88, MyD88) {4 #fi 4 1 % 4 7 NF-
kB, IR A2 R A P F- A R ™. Quan 8 BFFY &
PR, Hi B 7K HE Y 0T 8 4 815 TLR4/MyD8S/NF-«B i i,
W05 DKD K BRI PR S AR LB D e 48 b A2 B s 21
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07, W AN SN o F AT D R SO RS T
BERR AR 55 K2, A VRS DKD M7 .

Z5 L TaR e rh s M o (AR Hb D
BRI B AEE Lm RT WAR A b E
BE) LA Kb e S ), b a8 A s A e o
T PUAALN B PUR BUAr 4G 2 F L] A5 1
DKD EH]

2 MEEXFZEE HEDKD FHIERILE
2.1 NEEHEA

FS R HE B A N LR BT ) rh B8 28 4
J7, A B L2 L2 RS AP AR, B
A AN HE SERE I AN DR, AR S 5 2T 4
HE7E DKD &R AL ffe 25 G A T, — 3 S TR fe it
PIRIERE . WFFE &I, 75 M b 8 0] B AIC DKD KRR
25 M MW , o3 B Dy R, I 2 410 i NF-«B Fll TGF-p/
Smad 3 8% , W A IE R M AR 4E AL, A AT i
DKD™, 5 —TifA N SEBG 25 S R, 7SR Hb 1 E
AEFRJE , DKD B R BRI ' D Rt LAk 3% , IL-6 il
IL-1B 7K REAR , M RNA-26a 23k L8 , BRI 32 (A i £37 [
5 i 18 C6 (transient receptor potential cation channel
subfamily C member 6, TRPC6) () 521552 2, #7875
Wk Hb 27 7T A 5 4% 7 RNA-26a/ TRPC {5 5 il 035
DKD™, B D1 A1z T ) 45 24 B2 1 o1 0 42 0 AR
TS bR b B AL T 15 DKD B4R FHAIL , 2 Bz 5 T 45
1281~ DKID AH JCHE 5, 5200 Bk PR e 5 A8 12 55 19 58

BT IR RN A R e A RIS R B AL T
T DKD B A7 24 5 2R 1R A
22 SEMEF

S N AR R ), A S T B
BT 2 LR APh R AR, BRIE T
BRAR S 1 | pR I B 2ok ST B B R I M A A SE T T
X, 5 DKD#HRA S, W9, Z L E 7 MU RERE
I DKD /Iy RV ZH 2L b ik 25 1 KOF i B Bt 44k i
AL DL E A 2 SR R AE T O B A TR A D T IR 4
AL Wi 4 (glutathione peroxidase 4, GPX4) Y&k, T i
XA i T3 ok A A g O B Tl % T T A T A S LG 4
(acyl-CoA synthetase long-chain family member 4,
ACSLA) FIs 1ML g PE IH 15t JE 7% F2 1 3 (lysophosphati-
dylcholine acyltransferase 3, LPCAT3) i1k , U ifiy #1 il
BRIET, 3% DKD™, A, obifAk [ mi nl i bR 32 1 4k
R GERFARRTRAS SR [ W 57 239K 3/ DKD 1Y
RAERE, WG LM, S % T 1 DKD
RIS , AT 1 ORI 17 Wk 1) 2 0 % 2 2Tk
fiff 1 (sirtuin 1, SIRT1)/X SLAHEZE 4 O1 (forkhead box pro-
tein O1,FOXO1) i, I iAZRiiA A W SCHER M A
M 1 % %% 3 (microtubule-associated protein 1A/1B-
light chain 3, LC3) . Beclin-1,Bcl-2//# % 7 E1B 19 kDa
AHHAE H 2 1 3 (Bel-2 and adenovirus E1B 19 kDa inte-
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racting protein 3, BNIP3) i &3k , 91 il & k7 A 5 W e 4
e 86 11 p62 BRIk , R HE Lok 7 w3, DT PR 47 2 20
JfL, vk DKD KRBt iR 25 B4R , S i
BV P 3E A P BRAE T S i L A 1 g DL 4 5 A
s, PE M L% DKD i .
23 BSH

BRI A (A B ), l AR v L2 e
IR HEPER TS RER B AR, AT AN E BIBE AR
BRI IR ) Z o e ] 25 7E DKD K RS AY
HROR IR, B AT AR BRI , M= Thse, HRE 4
2P T A AR R AR TR R 25 BB H K (reduced glutathione,
GSH) Fl ¥t % Ak 1 H %4 1k ¥ 157 fk B (superoxide dis-
mutase, SOD) 7K 3, F ¥ 4 . ¥ (malondialdehyde,
MDA ) 7K, I8 4% B 2H 200 B 405 Fn AR AR 3, I 251
SRV bR 2 5 A RO Y AR SR R AL R 2
HH 5 A+ 2 (nuclear factor-erythroid 2-related factor 2,
Nrf2)/HO-1 38 #% . (e Ah, A J5T R4 B B B IE 5 2 DKD i
JEE ) S B BRAILTR o — 0T 7E Zucker B PRI MR B b
MBS A B, B SIURERS T I8 R B 2 2 v P J5 D 1 98
a3 25 11 8 AR Y 25 11 78 B9 mRNA FIEE [ 3834, Uil
B2 0 2L B AR Ak, B A I IOHE RN AR 1 PR AKSES, 4
7 B AL T R o 2% A PN 5 IO Lz SOR 98 % DKD, LA 1
W58 A B IR YT DKD £ 4t 1 5280 S RF  (H H x5
PAL I D) 7 355 A S F) e i PR BF AN 2, Aok T itk — 2048
S8 SHLG DKD N 5T X B B 7L
24 1EEH

=B A AN R A ) VR R i E I VR
J7, B R AR LSBT AR AT K Edl
B o B4 K 20 R S B IR S B AN A g 3 )
TGF-B./Smad3 3 % ok 3% DKD 13 £F 446", 7% 1] L1 I 8
B LS /NG B R AR A e B X 2 AR 3R, S
2T 4 Ak b 3 4 vimentin #1 o -SMA ) 26 35 , 3F 17 22 fif
DKD F£F4e46™, teoh, B WSS THUAY I . he
AR RN G A S R Bl R A S E

TE () Bl 5 B, I 48 N S R AR T W ) R R N
1M N EE DKD™, W58 A& B, 4 5 77 58 8 11 il & 4 DKD
R/ INER, Barnesiella J& .Romboutsia J& F Akkermansia J&
AR, B4 Anaeroplasma J& R Collinsella J& i+, &
SR /N B P T R = R RN 2 [ s 2 1 (o R A R A
ALY A M ZE LIS, 1062 & B F MCP-1,
TNF-o FTIL-6 P RER, T ZE A B 3405 X B b
75 R 38 3 R R AR SO AR T ek 3 2 4F DKD.
P LG T AL A A Y B R AR L i
Je CEFSE W] BT - B e, TR AR T H AR T HL
il B AT R, LA 1 o I 2438 5 T B R 5 3R 97 DKD
SRR o B A3 K 2552 5 A1, oA e (H b
{1 vh 25 52 J5 75 DKD H i e B B 09 T A, B
e

gE LTk, M A G R 24 5y mT i 2 41 A b IR
S 5 PR M 2R R T BUE A Rk DKD AR A
1) ML R B D) BB S G S A, R IR B A 20
PRI, NITTAESE DKD i J .

AR S 3 Ay N AR S T Ml # AE DKD HR 25 B
FAMUTIRFFT | & B B P 5 P Bk 28 2R 2 B Ko
FAb AW DKD HiF st 45 22 , H 2 B PE Lo A R L Hh
HEHE D BRI IR B AR (AR KT AR
G 2, b BRSNS 25 ONR AL &
FEHb T | BERLEE) Al A A P A AR R T
R PUEFYEAL JHFERLRLR A W FEPUR T RS T AR
AN A T | T 9 g T R N2 A A5 22 AL
£ DKD & #0036 WA S D BE s/ 8 R e
R YRR BRI AR (8 1) o Heph RS- 5E if
#% AGE/RAGE. RAGE/RhoA/ROCK. SOCSI1/STAT3.
HIF-1a . TGF-B./Smad . PPARy . TLR4/MyD88/NF-kB . #{
RNA-26a/TRPC6 , ACSL4/LPCAT3/4¢. 4= DU % 15- 5 &
4 15, SIRT1/FOXO1 Nrf2/HO-1 2§ , H:th AGE . TGF-
B NF-«B J& 11 DKD 3 J& () 3= B4 F#0 5

&1 EMEXPHES FHDKD HIERAHLH

L) il ] femm AL ik

B3y A A L S At 2 BB AR PIK3CA T \VEGFA | EGF | ATGS | Beclin-1 | VA B IR O [44]

WY AE i KE EE SR EKE . STZASMDKD KR podocin | nephrin 1 p62 | Beclin-11,LC3 I/LC3 [ 1 p-mTORMTOR | eifuflf, SOt M (1 (L R (4]
VHE FIUE, (R4 0 W A

BEEAT NS EEES KE J0E S, dodo NSRRI HK 2 Bel2 1 Bax | \cleaved Caspase-3 | (CHOP | XBP1| p-PERK | ATF4|  fBIPA R o0 BN F R4 [46]
il Br-

EEFABELS WE K5 2% 0% KB kR, STZASADKD/M BB  podocin T nephrin T N | (Col IV | .a-SMA | \LC3 1 Beclin-1 T .p62 . B BIEISTAZ, B R e 17 [47)

ST K% ket A MPC-S
AB B ER ES EL WE T doidb/h R BB MPC-S 4l
X B

PPARYy |
Kk

NPHS2 T \SYNPO T Bel-2 T \Bax | .cleaved Caspase-3 | .p-DRPI®'* | p-
DRPI*" T OPAI T \MFN2 T .p-AMPK/AMPK | \PGC-la !

PR R A
e 0 A R (48]
Moy

T b3 L PIKSCA B SR IUME-3- e TL W 5 o ; VEGFA « U P B2 AR K T A EGF : B AE K R T3 4TGS - 1 WAH S JE R 55 podo-
cin: YN ZBANEEE 1 s nephrin : F AN 3 B 5 p-mTOR - SRR L L 2h ) TR0 A5 25 ¥ 2R 1 ; cleaved Caspase-3 : 23 i S 28 (T 35
CHOP: C/EBP [ %5 11 ; XBP1: X & 4454 8 11 1; p-PERK : B2 AL (19 PKR KE P4 5 00 50t 3 ATF4 3005 % 57 K 7 4, NPHS2 : J 40 05 AH G 2 11 2,
SYNPO: JIL8h & 145475 1 synaptopodin ; p-DRP 15" . i fb (22 2412 616 13 ) 8l JIAHHOCER 11 1; OPAL : A 2545 B 1 1 ; MFN2 : 2 245 R 11 25 p-
AMPK : B A0 A BR IR TG A 8 1380 s PGC- 1o 2 S8 AL IR A0 32 1 y T B0E B 7 1,
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