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Abstract ;: The mechanism of carvacrol in the treatment of diabetic nephropathy ( DN) by inhibiting endogenous apoptosis
pathway was investigated by network pharmacology and in vivo/in vitro validation experiments. DN mice and renal tubular ep-
ithelial cells (HK-2) model were used to investigate the anti-DN effect of carvacrol. The SwissTargetPrediction database was
used to predict the potential targets of carvacrol, and the intersection analysis was performed with the DN disease targets
screened from the DisGeNET, GeneCards and OMIM databases to obtain the common targets of carvacrol and disease. The
STRING platform and Cytoscape software were used to analyze the targets of interaction,so as to screen out the core targets of
carvacrol and verify them. KEGG pathway enrichment analysis and GO function annotation were performed on the above inter-
section targets using the DAVID database. Finally, the prediction results were verified by animal models. Pharmacodynamic
studies showed that carvacrol could significantly reduce the levels of fasting blood glucose ( FBG), blood urea nitrogen
(BUN) ,serum creatinine (SCr) and 24-hour urinary albumin (24 h-U-Alb) in DN mice (P <0.01,P <0.05). Cell experi-
ments showed that carvacrol could increase the viability of HK-2 cells induced by high glucose and inhibit its apoptosis. Net-
work pharmacology studies have shown that the biological processes of carvacrol mainly involve signal transduction, positive
regulation of transcription by RNA polymerase 11, negative regulation of cytokine production in inflammatory response, Janus
kinase-signal transducer and activator of transcription (JAK-STAT) cell surface receptor signaling pathway and apoptosis sig-
naling pathway. It may act on serine/threonine kinase 1 ( AKT1) ,albumin ( ALB) ,estrogen receptor 1 ( ESR1) ,Janus kinase
2 (JAK2) and progesterone receptor (PGR). Molecular docking and DARTS-Western blot experiments showed that carvacrol
had a good binding with AKT1 and could improve the enzymatic stability of AKT1 protein. Western blot experiments showed
that carvacrol could inhibit phosphatidylinositol 3-kinase/protein kinase B ( PI3K-AKT) pathway-related proteins. It down-
regulated the expression of Cleaved Caspase-3, Cleaved Caspase-9 and B-cell lymphoma 2 ( BCL-2) -associated X protein
(BAX) ,and up-regulated the expression of BCL-2. In summary, carvacrol has a potential preventive and therapeutic effect on
DN, and its molecular mechanism may be related to targeting AKT1 and regulating PI3K-AKT signaling pathway ; inhibition of
Caspase cascade , mediated endogenous apoptosis pathway is closely related.

Key words : carvacrol ; diabetic nephropathy ; network pharmacology ; AKT1 ; PI3K-AKT signaling pathway ; apoptosis
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1 R 9% 5 9% ( diabetic nephropathy , DN ) J& ## IR
o B UL BN PR LM A O R, R B BT R ek
BN B IR R A AT A AU
2019 4F & [¥ BB IR R B2 1. 16 12, Bt
2030 4EHIK 1. 4427, DN R Bk, B B4
WEAT R BUS AR, AR 4
o7, o A SRR i WAL ) S
T ALV AN TSR AL A DA OG . BT AH
KB N R AT AT G2 WG YT X A 225
R ICHEE,

)T ( carvacrol ) 1F i — B I K46 5 40
AT AR R AR RS
PR 43 /0 | B P o 0 RE PR T ) T AR R
FHY . AIRSE kR AR ST X 4, IR
BT HT iR Pl ST AagTEpi AT 4
RO e T 2 AR S DN RO HAL
Ml EREE 325, DN 1Y & A= & Jie 55 4010 0 38, 4
AT R YA S R VI G . ATIARIESE 002048
AR T FEYE DN P EIRTFIE 1, Jamshidi %52 B
FER I, 1 BE 0 2 FEAK DN AL R B I PR 3R
RANMNLEF K-, I Bl B ST R ROIR 2, i

BRI RON 5442 R E MY, 3T, Canbaz 5517 i
—UESE AT T T RE 0 B T RE 5 2 40 B
i, F AR T B 4 AR IR 2 (B-cell lym-
phoma 2, BCL-2) #13¢ X % 1 ( BCL-2-associated X
protein, BAX) MARLF4Efb LA T R &E H ol 4%
(collagen type I alpha 1 chain, COL1A1) | I %Y fi5t Jt
I ol % (collagen type Il alpha 1 chain,COL3Al)
ZRIA [al I AP T8 1 BCL-2 Rk,
X BERIF T [ B 7 A e A PO T
YT Z i R B EOR P ERT . SR, H B
T OAZ O 5 e AL ) 2 7 e M o 75 3 3
YDA 25 i IR TR LIS 3V -2 111 UG B ( phosphati-
dylinositol 3-kinase/protein kinase B, PI3K-AKT) %5¢
SR BRI RS /NS IR R T, E R R B R S
R 3k — AL i sl gk BRI T HIRATT & K
N, B, A 650 5 7 A8 78 75 0 B 38 2o
PI3K-AKT {554l 42 P IR U8 T iV HIBLAR] o H
T AR HE RS

W 265 25 BA VR g — T DB R, Bl 5 &
G S5EYERY REMBELGWNZ T 2
PO A5 N Z2 T AR FH AL, S 25 W00t 45 DA S AR
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P 2R A RS B E S Y R AR 25
WA IRZCME R, HA R 253 21 5 Rk
MR T DR X 25 ) A T 45 F G T AT
— R PR . 254 25 F s A ) B P (drug affinity
responsive target stability, DARTS) J& T3 fb 2= & i
Tk HR N 25 SERE A5 | TS sRiZE A
X E A AR (RS P i e e R K O g S A
FAEE, BRI ) 2 W T 258 S ny kK LS 56
TEVCIS PR A A DU ARYE R A e v,
DARTS S5 UF 52 H 5 48 7= & 32 4K (oxytocin recep-
tor, OXTR) &5 & i i 8 A R R vE ) IR BL T
EBRTE R IR G YL 458 P A OB

FET e RI H F eis M 28 2 B2 05 1 X Ay
FrMt DN B4R FHHE 3 B AH G HIL ] e I 700 3
JFHEET DN /NEUBEAL, 1R G is 4 F A 2 |
DARTS-Western blot S 73— X H2 57 A X Fit il 42 45 K
BARVEATIAE . LA A 78 77 0 6180 24 A ¢ K2 e A i
PSR
1 MRi57E%E
1.1 Y545

32 H SPF Zilfit: C57BL/6J /INE.(8 H db/m /s
fL,24 H db/db /NEL) ,10 JEIE /K 16.3 ~68.9 g,
B /IS B IE F VL IR 2 24 e A R By A R 2
Al AP AIE S SYXK (95) 20230036, T A /MR
Y135 T SPF R b , B S Al A R 18 ~
25 C HAXHZHE 50% ~70% , 5 H i K 552 1
TR s IR IR 4 2, R ATt BOEH /D
ST A AR S TOK . ASSLE P T A SR ™
& TRV [ PR S 5 20 0y 4 385l P o ), e £ 50 0 A
5 SRR G (S BRI S . 2024115)

NB/NE R4 & (HK-2) (45 PC-
H2024112919 , DB W PR L AR FRA R o
1.2 i

B (SHRE: =98% , 45 :499-75-2, B 5T 4k
IRKS R R A TR ) ) 5 MLEF (serum creatinine
SCr) EMHE EE (total cholesterol, TC) JRZE A ( blood
urea nitrogen, BUN)  H il =[5 ( triglycerides, TG ) | IR
FEHIR & (#5 . Co11-2-1, Al11-1-1,C013-2-1,
A110-1-1 ,C035-2-1, ¥ 50 8 A= ) T REBF5E BT ) 5
BeyoLytiCTM M 2L sl W i v A R AR R (HE S
111822231207, b i 38 = RAEWH ARG RAF) ;
HRP #Ric B 40 Bl IgG  HRP FRic B9 FHi A 1gG . 2
TR/ IR R 25 1 I 1 ( serine/threonine kinase 1,

AKT1) B4 B i Hi ik PI3K £ va[EHiik  BAX £
SEREYLAR  BCL-2 HLspEHTIA  Cleaved Caspase-3 £
SEREBUIR | p-AKT H 41 F e BEHUIR | AKT 2 5 Bt
# (4t 5. SA00001-1, SA00001-2, 80816-1-RR.
27921-1-AP ., 50599-2-Ig. 68103-1-Ig. 25128-1-AP
80455-1-RR ,10176-2-AP , #7 = Ji 4= )£ R A BR 2>
F]) ;p-PI3K Z T BEPUIK | Cleaved Caspase-9 Z il
Bk (415 . CSB-PA000712 , CSB-PA000010 , i 7 1
KAV TEARAF) ;BCA H HE il & B-ac-
tin JRZ FEREPTAAR (10 x TBST 2l .5 x FE H EAE
Z v W (b 5. CR2412054, AC230205001 .
2511G007 240011017 , BRI ZELE /R A VIR A BR 2
H]) ; CCK-8 X7 & (#t5 . P25051500041 , I i B A
BRI R A RA R s E A (S,
S10014 , FiEM-A R A R E]) s PBS 22 0Pl
(#it5 . PB180327 , Hi#i B A i BHE A FRA FD ) 5 754k
FHRIRE W . Annexin V-APC X% 4 M 18 T 46 I 3,
& B AR 1L W, DMEM B 3% 3t (it 5.
2230520002 . G1510-100T , G4001 , G4552 , it I F& 4k
IR R BR A 7)) 5 D-H &% W L D-JC K 3] %5 4
(ZEEY KT 96% , 5 3221114001 2231121003,
FEHRFEEWRHCABRATR) .
1.3 %35

Cobas €501 4= H 8l E AL/ HrfY (Fii 1 Roche Di-
agnostics A ) 3 =i GA-3 MLBHAL (K =49
P ARA PR H]) 3 ChemiDoo™ 5 YL 2 1 B[ R 48
( 25 Bio-Rad /A7) ; GBOXChemiXL1. 4 #E 1%
M R 48 ( 32 1# Bio-Rad 23 F] ) ; Trans-Blot Turbo 25
F R FE B ( 98 [H Bio-Rad 2\ #]) ; Biomate 3S #%
MR A 158 A A AY (26 18] Thermo 73 7] ) ; PowerPac-
Basic H1 ¥k 1% ( 22 E Thermo 23 ) ; WIX-miniBRO4
PRARTE AL UKRE (A6 35 s R A FR A F] ) 5 Mul-
tiskan FC i #5 {% ( € [E Thermo Scientific 23 &) ) ;
H2050R =53V R B DL (K VDA AT |
1.4 THWARHAR
1.4.1 #h¥abssh

12 JE# db/db /NEL, DL AE 25 B8 I (E >
11.1 mmol/L, JR & F > 30 mg/d, ik #& 7 K
h2 12 FE 8 2 db/m /N R X IR (con-
trol, Con ) 41, [A] A #% 24 H db/db /N §L43 Hy ;B
(model , Mod ) 2H . 7 /7~ B3 /= 77 1 4H ( carvacrol high-
dose group, Car-H ;20 mg/kg) 7 /W7 1 2H ( car-
vacrol low-dose group, Car-L;10 mg/kg) , 541 8 H,
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BN H TREGER RS S S THEIEW 1
WK, FELE T 12 JH; Con 415 Mod 40U 7E AR [w] s a]
TEE SR PR K IR A 2 SR BEHLIN /N B A I i
B,
1.4.2 X240 R ARG N

S0 0 ) X 25 21 /N BREA T RR S LS , AL 5 RS b
TGEREE B R (B 5000 B 47 o SRR AR
L KRG R EXT/NREAT 24 h IR
Wt JIIR) St 25 A AE K Ab B A Y SR IRRE A
23 000 r/min &0 10 min 5B EE ,é‘ﬁﬁﬁ{ﬁé}ﬁ
D7) G U I PR R 1 P i, Rl R
KA/ IN B IDK 100 S D0 25 1B ( fasting blood glu-
cose, FBG) , T sh ik HLIL , MAEEZE 3 000 r/min &0
10 min J&5 , %, )G, AbSESCE0 3h 4 , il BOXUE JF:
SPE B R HR A T R Se 4 SR B G A 22
BorHe R, B 20 CORAE& M, mFr#d 4 H s
A ALK TG TC . BUN K& SCr 454 AL R bR Y
IKF
1.4.3 KHEZBEFIK

BAH/NRES A2 12 G, 1. 4. 27 T F
Con 4 Mod 41 &% Car-H 41 ,Car-L /) BRAT'E, B4
LU L LTS W AT A AL 3 AR 52 B K
THIE SRR A S A e
YR ML A S AL Y B 2D A 4 pom JEEBE 1Y)
W BEJERDI A BT 40 CCARIRER PR B i
A 60 CHREFINEE A3 h, VIF 2 — IR J g
AP | 28 KIRVE 5 min, 2 B R FH #E 4T HE
YLty Fll Masson Y {0, KEESE, VI AKIRZ 95% &
50K SRR RSB K DA b i
A, BT W gL,
1.5 $RAZER
1.5.1 HHFBLHRENHL

HK-2 ZHffffi J} DMEM 35335, % T 37 °C,5%
CO, WIEFRFET R . ¥ HK=2 41 L) 3 x 10° 4~/
FLIG B A AE 96 LA Fotich . RRdiMzE K
HIEIRF] 80% ~90% , 45 T ARk BE A A 8 (0
0.8.1.6.3.2.6.4.12.8.25.6.51.2 pmol/L) T T
24 h J5,PBS ¥ 3 K, BALIIA S 10% CCK-8 1)
DMEM #5353 100 pl,37 CHEE 60 min, BEFRTE
450 nm P T IE S AW (A) ARIEAK (1)
TR AMAETEF(R) .

R=[(A-Ay)/(Ac-Ay) ] x100% (1)
Ao Ag SE LA WO BE 5 A X BRFL I IO

JE A, = HALWOEE
1.5.2  CCK-8 skt s o5& %

K 40 mmol/L @B I 1l HK-2 411 24
h, 4 DN 40 A . 44 HK-2 4 FHL 534 : Con
21 . H #% % ( mannitol ,Man ) 20 \Mod 2H ,Car-L 24 (3.2
pmol/L) . Car-M 4H (6. 4 wmol/L) . Car-H 24 (12. 8
pmol/L) . H4 A MEHEEFIAE 96 FLAR L, Fp 4l Mo A= K %
JEi5%] 80% ~90% J& , Con 41457 DMEM Ki 3% 3,
HABLLL T R BT R (40 mmol/L) Zb 3 24 h, B
J& AR 2 T RN BE B B T T 75 24 b, PBS I
BE2 WA CCK-8 X 10 L, P OB (A) R
P A (1) RS HAMAFE R (R) JIER B
AR MBS
1.5.3 AX e Rbn amiem o %

S HZRFE 1L 5. 27 BRI EAS H
YA N ILZN I AR R TOEAE RS 4L
FIHERRARFe 5 P TP A T 4% 2 200 i e Tt i 1
Jo ARG ,250 x g B5.0 5 min, W3 F I, HUAN A
DUVE, F 500 wL ) Binding Buffer 540 il )5, I
A5 pL Annexin V-APC 3252 5]  FIMA 5 pL )
PLIRA) G IR S 15 min, Yt 28 40 i 4S0AG: 0 2%
AP T3
1.6 MEHEEHE
1.6.1 A Byl 4215 A de 57

NERGAIZ VT ) (carvacrol ) BV TEAE FH A 25
5 B, B, #id PubChem #¥E J& (http://pub-
chem. ncbi. nlm. nih. gov/ ) PABE L4 FR“ carvacrol” 4
KR AT R 2, AR IO e B i A v A A A S5 F A
B IFHRIBOLIE #2544 (19« SMILES™ 5. “ CC1 = C(C
=C(C=C1)C(C)C)0”, KArfrmhay“ SMILES”
A SwissTargetPrediction AR (http;//www. swis-
stargetprediction. ch/ ) FEAT/E FHFE 25 B9 7000 7B
1.6.2 DN &7 J%48 X e &

PL“diabetic nephropathy” 4.0k 2 1A, A Dis-
GeNET %% ¥ £ ( https ://www. disgenet. org) | Gene-
Cards % 4% £ ( https://www. genecards. org/) K&
OMIM %5 4 J22 ( https ://www. omim. org/) H#H 1T R
iR, Tt 5 DN AHSCHHE A, B bR 24 A T
g — LA A 2 B AT DN RO CHE R
1.6.3 &GRAnZARA M %A

o T30 RO ARG 1) A T A I SRR S
DN FHOCAZ O S S A 2L [R5 A Venny 2.1 FEZE T
H (https ://bioinfogp. cnb. csic. es/tools/venny/) H
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WOAZ e A Al 110 DN (978 76 SRV E A0 A
RSN 6 7 DN il 2 a5 T 9 9 455 3K
RGBSR RS I A FE 55 A STRING B8l 42
(https ://string-db. org/ ) FEE 7. 5 [ 5 B A ( protein-
protein interaction, PPL) W 4% %) #1 % ¥ & “ Homo
sapiens” , 3T 1% & 1 B AE FH 143 8 {E ( minimum  re-
quired interaction score) =0.9 IR R s S B AR
J& , R SIBRTCA BEAE I AE B 2 . LA TSV A8 =X
S HEER IS A Cytoscape 3. 6.0 FMAE17 7] M4k
IR ARINSE B, G5 R AR B AE (degree ) R4 T HE
7, 005E B T AT DN RAZCEE A,
1.6.4 GO Z# % KEGG B3 &4

R T e ARAT B 28 4R HE U8R AR 5 A DAVID %X
e e AT DI R & B 20 M i GO THRETE R #T,
M3 2 ( biological process, BP) | 41 il % 43 ( cel-
lular component, CC) DA & 43 JJBE ( molecular func-
tion, MF) 55 3 M, REMITZ O RS 504
YyeeiGidh S DI RERAAIE . it KEGG i B W 4 41 At
FER B R RS T 2 X R AR R P-
Value” M “ Count” {HIFFTHEF, ik P <0.05 4%
H % BP .CC K MF 43 #H7r45 a7 10 45, KEGG T 15
SR PR AT AT AL SRR
1.6.5 T xHEAT

T 46, it PubChem %4 P A6 4 I K U 77 19
i) SDF #% 34544 304, £ Bl OpenBabel %K 445 H %
i mol2 A% A B S, B, N PDB £ 48 4
( https://www. resh. org/) T #% AKT1 ( PDB 5.
LUNR) 19 =4EZ54 301, FII ] PyMOL-2. 1. 0 3 A%f
HEG AT BE, BEBR 25 Sk S OTAR /N IE
UL E A R4S & D A8, ik AutoDock
Tools-1. 5. 6 BAFHEAT A A 55 v if b 22, PR AF
4 pdbqt #% X AZ RS, DA IE B R o 2
T BTl R ECR , T PyRx #44F1 Vina-2. 0 #&)F
HEAT o3 F XA TR AR S Z A R 45 A RE T
WX g R . SR PyMOL #4: (https : //pymol. org/
2/ ) XN Bl R AT W] MLAR 23 A, DAl 2 A
HARHIRE, Hor 4545 A8 (keal /mol ) [ BRECIR-Z
GG RET)  BUE BRI & 45 SR E B
1.7 BEFBXXEBEREINER
1.7.1 DARTS-Western blot 53

YA 2 14 R M-PER™ 3500 156 BH 5 AT B B
TS5 Rl A ) 0 R 8 R A 71 5) %) B B 2 i
W1 mL, 7K 1975 10 min, ¥ E 5 min, L 12 000 1/

min B0 15 min, BT, BCA ¥EIE & Ik, B
HEEMEG BRI S we/pL, 530 2 4y, 4
7y 20 WL, 1507 LRI AL BT RE 2 A5 2005 75 4.,
BEE HEAFBOE T IMA 2 pLRER 0,
10,20,40 pmol/L 175 - My, X B 2H i A 45 5 1Y
DMSO %W, 1RA FIIFE 60 min J5, INA 2 pL
WRER 0% 5% 0. 02% 6% B 8 B, X 41
AZEH Y DMSO W, 251,25 C F 4L 15 min
Ja R AR S 5 x SR B RIS, A 10
min ZEMES SRR EE H A PTIAR L Western blot SZ5
YRR (AT A S i A X 2R 250 4 S
HRA R B ER (" Rk m M 25 5, i — 5 10 F & A i
HWEANESS .
1.7.2 Western blot # | B i 20 22 P PI3K-AKT i&
HEGBATEG MR

X Con 4H Mod 4H N Car-H /N4 3 B HUA
B2 2R TS B A 1 mL ZH 28R 11 246% W ( RIPA
:PMSF =100: 1) , VKIS 2138 Z44# , 7E 4 °C .14 000 x
g IIZPE B0 15 min, WA L5 TN B R HL
W, R BCA 00 2 (MR FE IR A R BRI 22
—&UG 3% 1: 5015 1 x SDS-PAGE & FHEGE v
W) ,100 C A3 5 min 8 U ASE, KHE B
HE TR EH SDS-PAGE B, #E4T FFE UK
KL AR T, PG 2 W%t AR A 7t AT AR B, o A
—Ji 4 CHFF LR, TBST iR Ve G A —ife
U FEE 2 h, RO TBST 28 Ml ve 4 22 R 45
APUA, N ECL Plus fb2% &SGR N 5 , T8I
AR FR G R CR AR EER  AHH] Image J #4204 2%
R EEAE I B & A A Rk
1.8 SitAiE

AR SRR = AR IEZE (v +5) PR,
fdi ] GraphPad Prism 44T 4011204, 4] b
KU BT 007, P <0. 05 BA K B A G it
2 H#7
2.1 TMABAHER
2.1.1 A F BT DN R ARIG AR R 69 % va

SLEEER I, Con 41/ BB ARG HIUIRZS A, 18
B IOK AR T RER IEH , 8 BOCI A G R E
SIS (LA 1) . Mod 41/ R E I
A« = 22—/ fEAR Bl R R A, R AF HR R
TR ORI o Wb MG P22 BESF . sl 2 Jr
7N, 5 Con ZAH I, Mod Z/NEUA FBG . TG \TC ,SCr,
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BUN % 24 h-U-Alb /K F-2 I 2 s 5 Mod ZAX)  ZEHFEMK(P <0.05,P <0.01) , H 23— 71| 5 4t
W, BIFE 452540 FBG . SCr.BUN & 24 h-U-Alb 2

B &A1 Pre-carvacrol
B &/ M42ijE Post-carvacrol

/N Body weight of mice (g)

B EEEHY DN NREEIM (x£s,n=8)
Fig. 1  Effect of carvacrol on body weight of DN mice(; +s,n=8)
5 Con HHE,"P <0.05,"P <0.01;5 Mod 4 3%, * P <0.05,* * P <0.01, F[A, Note:Compared with Con group,*P <0.05,
#P <0.01;Compared with Mod group, * P <0.05, * * P <0.01 , the same below.

FBG (mmol/L)

TC (mmol/L)
=

BUN (mmol/L)

TG (mmol/L)
24 h-U-AIb (mg/ )

Con Mod Car-L Car-H

B2 FEB DN /NRELIEFRMEIBN (1 +5,0=8)
Fig. 2 Effect of carvacrol on biochemical indexes in DN mice(x s,n =8)
2.1.2 FF@s DN ADRBEUEEHEFH Y ANER B /N R T, B TE) 5 TG I S A 4R AR AR
20/ B Masson e (0 F B TR HELF Mod Z/NERUBE A4 i 27 4 (L i () R0
Hefbhn A, 5 R LE 3, IIRAF4E R (skiEsk W BRI AR R E, T Mod 41, 4
) A2 MTAE R4, Con /NRUEFAZUE  FHAM TS AN, B A2 4 A8 B
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AR, A A/NEHE B AR S E O, AR sOR
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Fig. 4 Effects of different concentrations of carvacrol on the survival rate of HK-2 cells (; +s5,n=6)
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Fig. 5 Effect of carvacrol on the morphology of HK-2 cells (200 x )
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