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[ Abstract] Objective To investigate the effect of allicin on kidney of salt sensitive hypertension (SSH) model rats
based on Klotho/ angiotensin I type 1 receptor (AT1R) signaling pathway. Methods The experiment was conducted from
February to June 2022. Twenty—four healthy SPF Dahl salt-sensitive rats were randomly divided into normal salt group, high salt
group and high salt+allicin group, with 8 rats in each group. Rats in the normal salt group were fed with 0.3% sodium chloride.
The rats in the high salt group and the high salt+allicin group were fed with 8% sodium chloride to prepare SSH model. On this
basis, the rats in the high salt+allicin group were given allicin 16 mg/kg orally. Three groups of rats were intervened for 4 weeks.

The systolic blood pressure of the tail artery before intervention and at 1, 2, 3, 4 weeks after intervention, renal function indexes
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[urine protein, serum creatinine and kidney weight/body weight (KW/BW) ratio] , pathological changes of renal tissue, oxidative
stress indexes [levels of malondialdehyde, superoxide dismutase (SOD) and glutathione (GSH) |, and expression levels, mRNA
relative expression, protein relative expression of Klotho and ATIR of renal tissue at 4 weeks after intervention were compared
among the three groups. Results At 1 week after intervention, the systolic blood pressure of the tail artery in the high salt group
was higher than that in the normal salt group (P < 0.05) . At 2, 3 and 4 weeks after intervention, the systolic blood pressure of the
tail artery in the high salt group was higher than that in the normal salt group, and the systolic blood pressure of the tail artery in
the high salt+allicin group was lower than that in the high salt group (P < 0.05) . At 4 weeks after intervention, the urine protein,
serum creatinine and KW/BW ratio in the high salt group were higher than those in the normal salt group, and those in the high
salt+allicin group were lower than those in the high salt group (P < 0.05) . HE staining results showed that, compared with the
normal salt group, the renal interstitium of the high salt group was accompanied by inflammatory infiltration; compared with
the high—salt group, the renal pathological damage in the high—salt+allicin group was relatively reduced, and a small amount of
inflammatory cell infiltration was observed locally. Masson staining results showed that compared with the normal salt group, a
large amount of collagen fiber deposition was observed in the high salt group, and the renal tissue fibrosis was serious; compared
with the high—salt group, the renal fibrosis in the high—salt+allicin group was significantly reduced. At 4 weeks after intervention,
the level of malondialdehyde of renal tissue in high salt group was higher than that in normal salt group, and the levels of
SOD and GSH of renal tissue were lower than those in normal salt group (P < 0.05) . At 4 weeks after intervention, the level of
malondialdehyde of renal tissue in high salt+allicin group was lower than that in high salt group, and the levels of SOD and GSH of
renal tissue were higher than those of high salt group (P < 0.05) . At 4 weeks after intervention, expression levels, mRNA relative
expression, protein relative expression of Klotho of renal tissue in high salt group were lower than those in normal salt group, while
expression levels, mRNA relative expression, protein relative expression of AT1R of renal tissue were higher than those in normal
salt group (P < 0.05) . At 4 weeks after intervention, the expression levels, mRNA relative expression, protein relative expression
of Klotho of renal tissue in high salt+allicin group were higher than those in high salt group, while expression levels, mRNA
relative expression, protein relative expression of Klotho ATIR of renal tissue were lower than those in high salt group (P < 0.05) .
Conclusion Allicin can effectively improve the renal function of SSH model rats, reduce renal tissue damage, collagen fiber
deposition and renal oxidative stress injury. The mechanism may be related to the regulation of Klotho/AT1R signaling pathway by
allicin.
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i, oPHTHRA  m Eh AR A BTEU  T L s A B
ATSEECE AT . BT, IR LB kR SSH R
AR 5 B DT AT R AT IR o R B2 e v Y 2 B
WS TEYI . BRI R I, KRR BA 2824
HETE, B w RS AR R e A
HA— IR 70 ARk K s 24—
AP 32 G, WEEERW, A SEAMEME R SR fE
A R B ot L PR T BRSO AR L SR
RAEA S EAC LA T, A B R A T, R
BB IIAE s eAh, KGRFE AR IR b B 0 A
RUR BLRAEARSCAR S s, BRI AAE R T /K-, %2
BRELF Gk, BEmAT AR T T, AR
TKlotho/ ML %K Z [ 17I3Z4K (angiotensin Il type 1
receptor, ATIR) E Sl AR DT R N SSHAR Y A B,
BRI, LU SSHES YT L 4R RS2

ARSI E] R20224E2—6 H .
1.2 Siah
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Y MD911919) W gt i B E R Y R 2= H AR
HIRAR, (3) U&%: 28 (BS . PM-
9000GTA ) My [ 1 ra B TR AT FR A A, EpR{ (5
51 Model 550) ) [ Bio-Rad/A#), b2 K SERUZRI
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170-8280 ) 14 H Bio—Rad/A 7 .
14 T

IER AR A T0.3%F LR TE . mEhdlfn
AR RAE R R BRI SSHE R, BRI . %3¢
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KR T4 . KR sh ks He Tt s B AR B EAT
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FRAE B0 A5 A I it LI 7K o 25 Fi EOR BROSUE I FR
o, MREEIEE RE/AAFE (kindey weight/body weight,
KW/BW ) HfH.

1.5.3 B LR A AR

TG, BORREEARTHS, RH40Z R T
BRI, SRIEUEG . K, MRAEHEY {4 K Masson
e R S Ul B TEE, Bk, & HEEAE
e R B LU E R
1.5.4  SFALR AR bR

TIRASE IS R PR G g2 W B it e Ao 0 oA B 24
ZUN W, SOD., GSH/AKY-, BT BKRERA
BFLHZY, MHEN . SOD . GSHAMIR ] &4 E i i
PRSI LU 8 . SOD ., GSH/K . LB~z k4T
31K
1.5.5 Klotho, ATIRZFEILKF-

T4 G, R G A Y (o A A FRUEF 4 20
Klotho, ATIRFEIAAY, KW . KA 74
EEEHE, PIHRIS AW YTR JF 2 T60 CHERA T,
FEAR R AR B VA TR, R A R
e E . RAIPBSYEIR3IK, ARFFLES min. JIA
ER BN —PiIF T4 CHEE N, RHIPBSYEE G 1
WM =4t, JFFE37 CIEE FIFE 30 min, @G22
AL Klotho . ATIRFEIEIK .

1.5.6 Klotho. ATIR mRNAMHX}F AR

T4 5, FHRT-qPCREE I K B 2H 4
Klotho, AT1R mRNAMIXFEikE, HARMT . BudE
HEHLOFE WA DI, i HTRIzo4EHUERNA,
A3 E260 . 280 nm AR E RN AV IR W . L
it RNAE W B8 SuperSeript T S350 80K RNA S
WecDNA, SRJGXFcDNAHEATPCR, LA B —actinh NS,
RT-qPCRE|#FH L1, PCRAME: 95 “CHFLES min,
SRIGHEATA0UY HEATEER (95 C 10s, 58 °C 20s, 72 C
20s) o RIWVAAZRAHHE2 wlecDNA, 6 plddH,0, 10 wl
PCR mix. | pwIEMBIAT wlz w59, HFHEERE
mRNAde_%%ii%:zf (ACtH Y EER —ACIZB RESEH ) S igﬁﬁlji&
131k
1.5.7 Klotho. ATIRZE AN FEIAHE

FHi4H )G, K Western blotZ 6 M5 2H 21 Klotho .
ATIRE FAX RA G, BARMTS : B /NE R A

#1 RT-qPCRTIYF7
Table1 RT-qPCR primer sequences

FEH E 35 1 9551 ek 2l

Klotho 5-ATGGCATTGATGACGATCCC-3" 5-CGAATACGCAAAGTAGCCACAA-3"
ATIR 5-TTAACAACTGCCTGAACCC-3" 5-GAAAGCGTGCTCATTTTCGTA-3"
B —actin 5-CTGAACGTGAAATTGTCCGAGA-3" 5-TTGCCAATGGTGATGACCTG-3"

e ATIR=IMAF B3k FE 1T 18124k,
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1 x TBST, FEHE3WK., KH AR EPVDFREE#HE
TR CRIGE R G AT B, R Image JEAF53HT H
WY A KA, DB M A & IKEE/ S IBE A
JREEAEZFR B B E A ik, SCg s a1 131k
1.6 Gk

W ] GraphPad Prism 8.0 28X #1780 HE . T
TR (x+s) Fon, SR HERHAHNE T %50
Mr, LRI R i Tukey K86 . LAP<0.05 022 % H
GeitE L.
2 #R
2.1 REshlkld e

R AR AR 4+ KR R R s . T3
A, —4URRESN K R e, 2R g m X
(P>0.05) ; TWil, 2. 3, 4f], =4IKREKE
R, ZRAEGH¥FEY (P<0.05) . THIE, &
A KRBkl s TIEW A, 2R E5%iEE
X (P<0.05) ; T2, 3, 4/, mEhdl KEREshkik
iR TIEREhAl, S+ KRR AR B2 sh ikl
RTmEhd, ZRa50t%E X (P<0.05) , WLik2,
22 'BYhefstR

THi4RE, —HRKEIRER . MALE. KW/BW L
I, ZRAEGIFEEL (P<0.05) ; TH4H)E,
AR K EURE . MALE . KW/BW LGB = T IE# 35
A, M+ KEERARRRER . MULE . KW/BW
LA T mihdl, 2Ra5%i%E X (P<0.05) , U
%3,
2.3 BHZRMAERAR

HEJ (45 R BoR, IEH 4 KU /NER S B NE

IR

SERVEMT, JEBIER SIEWRAMIL, SEHaKRE
JINBRBE K ELAR AT, B /NERSL SR, B/l
B AR, A ARrE, BRI R
I, Smhdiat, S+ KRR A KR T 4003
AR, SRRl WA w RN R T, WL,
MassonJe (45 R s, SIEH AL, BSEhdmurn
WEE BN KRR FLF DR, BB ™ i SEih
AR, R+ KER R AR R 418U 2 AL B ks
T2,
2.4 AARR S bR

TH4HE)GE, =HRRFHLN . SOD. GSH
KFE, ZRAEZIFEN (P<0.05) ; T4/
5, AR KRR N K TR R, ¥
HLAISOD, GSHA R T IEH hadl, 2RA G ERE L
(P<0.05) ; THi4/E)E, S+ KR Fas

R2 SRR R EILE (x5, mmHg, n=8)
Table 2 Comparison of tail artery systolic blood pressure among the three

groups of rats before and after intervention

2151 TWRE TEUE  FwE TEBE T
Al 1173 115+4 1205 1174 11823
ikl 1144 123+£6° 165+6" 181+4" 207 10°

FER KA 118+3 1232 14426" 154+6" 172+9"

FfY 3.40 9.40 11870 35020  265.40

PIY 0.051 0001  <0.001 <0.001 <0.001

F: TR EWIRA R, P<0.05; "FRn 5mEEE4l L,
P<0.05; 1 mmHg=0.133 kPa,

®3  CARRT B4 A B ORERIR LA (x£5, n=8)
Table 3 Comparison of renal function indexes among the three groups of

rats at 4 weeks after intervention

2051 JREM (mg/)  IMALEF ( wmol/l.)  KW/BW EL{E

IEH#hal 550+ 1.16 24.14 +0.81 0.66 = 0.06
skl 13.67 = 1.18* 43.02 +0.88" 1.19+0.19°
b+ K E4 9.21+0.96" 29.83 +0.76" 0.88 +0.12"
FfY 109.90 1 124.00 31.30
Pl <0.001 <0.001 <0.001

W KW/BW="HEH /AR "R S5 EWRA i,
P<0.05; "FoRGEiha E, P<0.05,

SEE N

Bl = ARSI HE LR (% 400)

Figure 1 HE staining results of renal tissue among the three groups of rats
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B2 =R AZ Masson Qe 251 ( x 400 )

Figure 2 Masson staining results of renal tissue among the three groups of rats

TREOKR T R4, BAHZISOD, GSHK- T E i
4, ZRAGITFEY (P<0.05) , WL3k4,
2.5 Klotho, ATIRZFRKF K HmRNA, & HAHX
Fikg

TH4RE, =HREEHS Klotho, ATIRFE XK
F R HmRNA, MRS R, 2RA5IT%E
X (P<0.05) ; TH4fEE, mihdd KR E 22{Klotho
TR S mRNA | R AR R IR AR T IE R $hal,
ATIRFEE K K HmRNA | 8 A X R R T IE
e, BRASGIFFEN (P<0.05) ; TH4REE,
R+ KR F AR U 42 Klotho 2 35 /KF- K HimRN A
MXFRIBE . EAME TR, ATIREIRIKF LI
mRNA | M RA R TSR, ZERARITFE
X (P<0.05) , W5, K3 ~4,

R4 SHRB TG B HPENHIER L (x£5, n=3)
Table 4 Comparison of oxidative stress indexes of renal tissue among the

three groups of rats at 4 weeks after intervention

2H5 W[ (ng/ml) SOD (ng/ml) GSH ( pg/ml)
IEHHhA 110.6 £ 3.0 5.8+0.2 106+ 1.1
ikl 202.7 4.5 1.7£0.1° 4405
R REERAL 1611 4.4 46+02" 8.8+09"
FIE 1043.0 1633.0 105.1
PlH <0.001 <0.001 <0.001

1 SOD=MEEALWEALES, CSH=AEHIK; "FoR 5iEREhaA L
B, P<0.05; "FoRSEEhH LE, P<0.05,

3 itig

e LRSS R B ( chronic kidney disease,
CKD) My F I, AR TR, 20k & & CKD
BE R BN E L TR, 8
SRR R R B VIASG, THZESRIRE. ek
W, WIAS0%MER RS IR, HAFR NSSH ' L B
KR, KARMYIEEY) (natural plant compounds,
NPC ) 7 = Il H S A% B 0 167 b k45 4 Ak
R FEIGRPRIE T, JURNPCE BE I EA B
TRAVER, H 3l s S e AL B e 2R 5 S 2 &
i 5 0 T 3 A R U 0 IR, AR L

NPCHYI AL, T Klotho/ATIRIE Sl JRIFIT K&
XoF SSHAB K LB DI RE IS0

AR R ER, T, EihdalkREshkik
iR TIER R4 T2, 3. 4/, mIdKEED)
ke e TIE W Ehal, ik + KerF AR R sh bkl
i FEAR TR ihdl; THi4E)E, S REURENA .
WLEF . KW/BW LA FIEH 4, M+ KR4 KR
FURSE A . LA . KW/BW HCIEAR T nh . HEYL
RN, HIEWEAME, S A KRS/ DRI R
R, BNE LR AaAe K, RasiastE, BRmtea
RYEAMIZN; SEERM, B+ R EARRYE
HEVRHIR AR, R AT L S A I
MassonJe (45 B on, SIEW AL, mSEhdmErn
EE BN KR FLF DR, BB ™ E; SEih
A, ik + KRR A K RS A LT SR s
PR T ER K IR IR Dahl Eh OB AT i 2 i £ SSHA
R, HLSSHE UK BUAEA B AL . IRIRLT iR b
B DIRERFAR, 14D 78 KR R A AR (RS S HAR 78 R Bl
iR, R AU . RIFLFAETURL, BGEHE T
b, LIUZE VI BRSER L, KR AT AT A &k
I PR AR AR R UL, 30 Ao 990 ) A6 8 2 ¢ e T /4% )
T« B 510 B A0 R UM A RO, R KR X
I T 5 DR A RS B0 BT — iR E . eAh,
Km0 AN 6] JEL R Th e b4 B Gy R,
BRI L LU 2 R R A SR 0 1 1 5 S8R 0 38 At
U5, BETME/D B /INMEEGEARIE L, KX
LA T REAY S 5 DA 2 e

FAL R A SR TE S (reactive oxygen species,
ROS) F=AEM—F A mEfEN, HIE SR H 2
PEE, Ho B e ) 25 5 2 3 S A T 2k A A 4R Ak R
PRSI LT BESEARGE, R Dahl B fUROR
FAEIS A S B MEBE T ROS S R, (HAS S0 g
ROST &, $/R BRI A T 10 S AL A 105 5 B e
PIARE S b, T s T e N A AR
HEEMEROSFEIAHG N 10 L Y T DU MR 1 il e
ar ., IR K SR A R B R R
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RS HKRTT4REELL Klotho, ATIRFEIAKTF K IHmRNA | EAMXFRGA R (x+5, n=3)

Table 5 Comparison of expression level, mRNA relative expression, protein relative expression of Klotho and ATIR of renal tissue among the three groups

of rats at 4 weeks after intervention

215 Klotho#ik7K V- ATIRZE XK Klotho mRNAFIAS 6k 5 AT1IR mRNAMIXF kR KlothoE AN ekt ATIRZE AR Feik it
IEH R 0.32 +0.02 0.23 +0.03 1.03 £0.09 1.04 £0.08 0.92 +0.01 0.32+0.02
E e 0.21+0.05"  0.39+0.08 0.51 +0.06" 1.63 +0.09" 0.37 +0.03" 0.83 +0.04"
FEh R RA 029+0.02°  0.26£0.02 0.82 +0.10" 1.28 = 0.06" 0.59 £0.02" 0.65 = 0.03"
FfE 10.96 8.63 27.96 43.99 471.20 201.50
Pl 0.009 0.017 <0.001 <0.001 <0.001 <0.001

e PR SIEWEA LA, P<0.05; "FR 5EEhAH L, P<0.05.

W ATIR=I Sk 2 T 18132 (k.

B3 RS g AE R (x400)

Figure 3 Results of immunohistochemical staining among the three groups of rats

Klotho [ s— — L ——— —

ATIR| ey oy T —
B-actin W W S — — - - - -

IR R il [FE SN i
B4  Western blotEA =20 K i Klotho . AT1RZE H X F k81
SDS-PAGE]
Figure 4 SDS-PAGE diagram of relative expression of Klotho, ATIR
protein detected by Western blot method among the three group of rats

SODFIGSHAE A FEEH A LB, TEIEBRA A Mk
T EREENMEH, HEMT LU B g R A h
FERRPUIR it AL RE ST . ARPFRRAS R oK, T4
JJG, Wb+ KR UL B N KR TR,
BFZISOD . GSHK - = Fradhal, $/RSSHERI A
FETE AR BAR A T K 5 3R BB A s e A A I 3
Bidi

KlothoZE ITE N —FPIRERE I, 550 IEpE
WA e, — T, Klotho®k [ 3 BL7E B JF iz il /N 5%
B B0, B ERG & id FE P E BE K lotho 2K F

KR, HAMFEKlothofE 1 BE 2R fif 2 00 5% Z Fh A
ERE RIS L Ak, KlothodE 1 AEIN R 1 I
AN AR, B = B E B S i YR E ROSHY
AR, IR AEAL BEEAR s AR, AMIRERN FE
Klotho 7] A5 R S WA DT AL B IBE J1, T IHROSHE A
K, BEMTIER EAL B 2 o A AT RS
KI, Klotho®E AE SATIRG: &, HEMIMHIATIRE X
KA SR RN B 05, H R 00 B A i
HAGPVER " ARG R SR, TH4AAE, &
TR KB 48 KlothoFR k7K F K HimRNA | 25 AR
TR RN T IEH R4, ATIRZFEAKFE S HmRNA, &
AR R IA v TIER SR, T4, sk + K55
FH KB 44 KlothoF A K F S HimRNA | 2E AN}
FREETELA, ATIRELXKFELHmRNA, HHA
FAXT B AL T = Eh 2 $E/RSSHEIRI K F Klothotk
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