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Effect of Polysaccharides from Plantaginis Semen on Renal Injury and Gut Microbiota in

Rats with Membranous Nephropathy
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[Abstract] Objective: To study the protective effect of polysaccharides from Plantaginis Semen (PSP)
against renal injury in rats with membranous nephropathy (MN) and its influence on the gut microbiota to
provide a theoretical basis for the further investigation of PSP in the treatment of MN. Method: The MN model
was induced by tail vein injection of cationic bovine serum albumin (C-BSA, 3.5 g-L") in rats with a modeling
period of seven weeks. At the 4th week of modeling, the model rats were divided into a model group, a positive

drug group (benazepril hydrochloride, 10 mg-kg'-d"), a PSP high-dose group (PSP-H, 800 mg-kg'-d"), a
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PSP medium-dose group (PSP-M, 400 mg-kg'+-d'), and a PSP low-dose group (PSP-L, 200 mg-kg'-d")
according to the random number table, with 10 in each group. Ten healthy rats were assigned to the normal
control group. The rats in the normal control group and the control group received an equal amount of
physiological saline by gavage, and those in the groups with drug intervention were administered
correspondingly, once a day, for consecutive four weeks. The pathological changes of rat kidney and colon
tissues were observed by optical microscopy. The enzyme-linked immunosorbent assay (ELISA) was used to
detect the content of tumor necrosis factor-a (TNF-a) and interleukin-18 (IL-18) in the serum and colon tissues.
The immunohistochemistry (IHC) was used to detect the protein expression of TNF-a and IL-18 in renal tissues.
The 16S rRNA sequencing method was used to investigate the effect of PSP on the gut microbiota in MN rats.
Result: Compared with the normal control group, the model group showed enlarged glomeruli, thickened
basement membrane, atrophied colonic gland, increased TNF-a and IL-18 in the serum and colon tissues (P<
0.05),

positive drug group and the PSP-H group displayed shrunk glomerular capsules, relieved basement membrane

and elevated protein expression of TNF-« and IL-18 (P<0.01). Compared with the model group, the

thickening, and neatly arranged colonic mucosa in colon tissues, while the PSP-M and PSP-L groups were
inferior in improving renal tissues and colon tissues. Additionally, the PSP-H and PSP-M groups showed
declining TNF-a and IL-18 in the serum and colon tissues (P<0.05) and dwindled protein expression of TNF-«
and IL-18 in the renal tissues (P<0.01). No significant difference was observed in the PSP-L group. Compared
with the normal control group, the model group showed increased abundance of Firmicutes and decreased
abundance of Bacteroidetes. After PSP intervention, the abundance of Firmicutes was decreased, while that of
Bacteroidetes was increased, and such changes were predominant in the PSP-H group. Conclusion: PSP can
effectively alleviate renal injury, reduce the expression of inflammatory factors, regulate the structure of gut

microbiota, and improve the damaged intestinal barrier of MN rats.

[ Keywords] Plantaginis Semen; polysaccharides; membranous nephropathy; renal injury; gut
microbiota
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NE] S 107-15-3) 5 FR A A0 & (ot R A )
T REBF5E A, #5 C035-2-1) ; 75 K & - 21 (HE ) 4
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JfL A 2R (IL-1P) il 36 6 72 W BiF I 72 (ELISA ) it 5] &
(IR AR AR AR S 55k
EMC102a.96, EMC001b.96) ; % 1 £ 7 B 41 & TNF-
o, IL-18( b 5t 1 2% A= Wy 1 R A BRA &L it 5 43 3
M bs-10802R , bs-6319R ) 5 % — 20 ¥k #a Il 30 57 & ,
DAB & 550 & (b = h k2 S AW AR G R 2
A, S 2 B PV-9001, ZLI-9017) ; PowerSoil®
DNA i #] & ( 3% [E MoBio 2> #l , it 5 12888) ;
TruSeq® Nano DNA LT Sample Prep Kit ( 3£ [H
Mlumina 23 7 , it % FC-121-4001)
1.3 {Uds 7105 ARG 2 R (VL0 1H 28 S0 40 2 41
A BRA A ) s LXT- T BB O UL TE HL (I B 43 B AL
FRT7) s I FE AR (V195 R 2T T AL
#ir [ ) 5 Vietor™ X 3 #Y Z2 AR a0 Gl L AR A I (3
PekinElmer 2 7 ) ; % [E moticam 3000 & i 34 15 5% %
% % 4t (35 [ Motic A A ) ; PHS-3E A pH it ( ¥
WA R ) 52135 B0 D) AL (FE [E 3R A A ) ;DY Y-
6C B LKA, 2720 B S B 2¢O i ek 5 A i X
(Real-time PCR) 1 (3£ [E BG A 7 ) ; NextSeq 500 %
Illumina Miseq /& 8 & M /7 43 ( 35 [ Tlumina 23 & ) -
2 HiE
2.1 EFIFEZEEMHE RIBRCT B AET T 1 ke,
A 8t LR 12 h, i 8 ¥ T Ll B2 it B
T oA EK, B 3K, BEIR 2 h, B T IR
VA N & A E U VRO B IR 85%, 4 °CHfFE 12 h,
3500 remin” B0 5 min( &0 2% 8.4 cm) , BUULTE
TN ZE AR K 51, U IR e 4 L Sevag B E A R,
MW A ¥ O T8 19 2200 T 20 52.17 g.
2.2 MR E OO RURE AR Y M H R
Border £, il £ C-BSA,PI>8.5 Hl 0] . H{ C-BSA
80 mg ¥ T BE MR ER 22 PR (PBS) 15 mL 5545 it 3
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L) K R HR A LB -0k 4 g R 2 BH 1 245 9 4
2 H 7 2 B & R & 4l (PSP-H) , A & 4l
(PSP-M) {5 & 2 (PSP-L) , W4 {5 88 10 5.
it BRI %) 2 1T R B R 3 0 A ALR) i, PSP-HL 45
2557 5 4 800 mg-kg'-d (M FA: 25 15 g-kg'),
JFLLIE$% 0.5, 0.25 £i5 % 22 PSP-M (400 mg-kg'-d")
FIPSP-L(200 mg-kg'-d") 45 25 7 &, BV 25 W0 4i 4
T IR & A 10 mg-kg'-d', 4 25 K TR
10 mL-kg'. 1E 41 F1AE AL 20 45 7 55 Ok B4R 46
KEH TR, #ES 40,

2.4 MN K U F 24 0 52

241 HHLURAEAIE 57 A KR
20% 5 H7 3 (10 mL-kg™) 8 i 78 55 R B, BUE AE
10% FF R 5 W [ 58, A W A 3, 8 R DD -, R AT
PAS Jeft D2 B iEE T g,

242 A LURIEE UL WEL T, H 4% £
B E 5E 24 h WK A S IR AT HE e 8,0k
S TR C U S

2.5 ELISA R Il & M 45 i 41 21 ) TNF-a, IL-13
i MW S BB, B0 A i L IR S B, i R
ELISA 2050 & Ui W15 43 50 4 0 il 37 70 45 i 20 21
TNF-o FIL-18 1 & 8,

2.6 G PE AL AL R DU UE  TNF-o, IL-18 85 1136
RS R BB E R B, YD e, ¥ T [ e
10 min, A PBS #h %, in—¥H0 )5 ,37 °C %14 T 1k,
PBS # ik, S5 AE YW RARic i) —HiAE 37 °C T iEfk 2 h,
DAB &, £ A, T R iE T g,
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2.7 FE{EILP 4 DNA WS K00 BOK B iE
MY, % JH PowerSoil® DNA 24 7 & 42 Bl 18 9 458
Y1 DNA , FH 3508 0l 55 e H UK 0 B 431 R/, R T 5
A 53 66 BE X DNA #1728 & J5 , HUE 7 DNA T
B R RE RS 51 5 R AT R G T R SN
(PCR) ¥ 38 , P 4 [X 3 & 16S rRNA % K (1) V3~V4
8 X . fdi ] TruSeq® DNA J& PCR A i i 45 i
) A SO, LAREAT Qubit i A SCER I . fi
H Tllumina MiSeq/NovaSeq ¥ & X} 3C & #F 17 I
IR E 7/ )S I3 S

*R1 V3+V4XB|¥E7
Table 1 Sequence of primer for V3+V4
IiH SIFEI(57-3")
% ACTCCTACGGGAGGCAGCA

P K /bp
341~806

V3+V4

Tif GGACTACHVGGGTWTCTAAT

2.8 Gl #r SR SPSS 20.0 H X H s v AT
Geit oy R R DL xs Bk AR S BCRH ¢
Ry, P<0.05 0y 22 5 A Ge it 27 5 L.
3 &R
3.0 X MN KRS BB B AR R 5 IER A
Pl A, B 20 KRR /N Bk R K, B /N Bk R O R
WY G B R IT AR R R 2 AR R 2 )2, HAE i
AV T LR N L BB Ay AR PR IR . SR AL A
o, 2R DU AR F £, PSP-H B /INER 28 s i /)N,
N BR G R RORT | e 5 R AR R AR AR O N AR
Pk H b K R B 15 ) 0% |, PSP-M, PSP-L B /NG ik ik
TR A o W W, D6 B PSP Al a8 B 2 4405 L 52
P800 mg-kg'-d" AN 2 AR e fE. WK1,
32 XTMNRKREHALUREZHZm 5IE
B2 LA AR 2H KRR R I B 4 S 4 R
T, PR 4 LR i B b . SR RN A [ g, AR R D
AR R 41, PSP-H K BU45 I 41 20 v 8 I HE 51 4 38 5%
R MR b R R R K, MK 3E 4 0 W 3, PSP-M,
PSP-L 2 K B 7 41 256 I E R A7 mT 0L i fik 156 W
PSP A] Ja 45 45 i 40 245 10, S 36 v L 800 mg - kg '+ d!
BRI el . WK 2,
3.3 X MN K B3 H TNF-a, IL-18 & & 1Y 5 i
5IE 4 TR, A 20 K BRI E Y TNF-o, IL-18
& g B TF S (P<0.05) . SRR [ A, R R
UL IR & F] 2 1 PSP-H, PSP-M K L Ifil 35 ' TNF-a,
IL-18 % & ¥ 1 & f& Ik (P<0.05) ., WL 2.
3.4 XFMN K254 21 TNF-a, IL-18 & it 5%
W 5 OEH 4 g, R ALK RS T 44U TNF-a,

A IEH A B, BRG] C. SRR DLAR Al 41 s D. PSP-H; E. PSP-M;
F. PSP-L( &l 2~4[f])

B 1 PSP MN X R 5 IR IE B ZHIF M (PAS, x400)

Fig. 1 Effect of PSP on renal pathological changes in MN rats
(PAS, x400)

A B
C D
E F

B2 PSP MNKREMHALFEELLIN (HE, <40)
Fig. 2 Effect of PSP on pathological changes of colon tissue in
MN rats (HE, x40)

IL-18 & B ¥ B TH & (P<0.05) . SR Hode, 3

iz DL R 3% F) 2 A1 PSP-H, PSP-M K [ 45 I 4 41

TNF-a, IL-18 % &2 B & [ (P<0.05) . W33,

3.5 XFMN KRE 4141 TNF-a, IL-18 5 H £ ik 5%

M 5 OE 4 R A ALK R 44U TNF-a,
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*2 PSP MNKRMFFRERFEEMHM (X+s5,n=10)

Table 2 Effect of PSP on content of inflammatory factor in serum

of MN rats (x+s,n=10) ng-L"'
25 51 Fl 4t /mg- kg TNF-a IL-18

IEH 64.50+3.03 355.10+30.11

R 374.50+29.48"  650.00£60.55"

SRR LR ) 10 169.80+£16.29%  428.30+29.44%

PSP 800 179.50£17.46"  436.50£27.75"
400 184.10£18.29"  462.00+38.82%
200 357.40422.39  609.16+34.96

5 OE# 4L VP<0.05, 2 P<0.01; 5 1R 4 L 4 Y P<0.05,
Y Pp<0.01(3£ 3~4,6~7[) .

*3 PSP MNARKREBHFRERFEEMHEM (X+s5,7n=10)

Table 3 Effect of PSP on content of inflammatory factor in

colonic homogenate of MN rats (x+s,n=10) ng-L"
2151 il /mg kg™ TNF-a IL-18

EH 2.02+0.15 7.48+0.53

A 4.78+0.18" 14.15+3.04"

AR DR A 10 3.10+0.30" 11.600.66*

PSP 800 3.21£0.16% 11.91£0.69%
400 3.42+0.07% 12.43+0.48%
200 4.51£0.38 13.82:0.60

IL-18 % A % ik /K °F 8 # 458 (P<0.01) . SR ZH
He A, BR PSP-LAh, 4% 45 25 41 1) TNF-a, IL-18 ik 7K
S S AR (P<0.01) . WL 4, Kl 3~4,

x4 PSPYYMNAKREALA D INF-a,IL- 18 B HRIEZM (X5,
n=10)

Table 4 Effect of PSP on expression of TNF-a and IL-18 protein

in renal tissue of rats with MN (x+s5,n=10)

a5 F| 5 TR 14
/mg-kg’! TNF-a IL-18
EH 913.33+77.89 9816.67+1 357.08
(oS 4366.67+436.65% 67 500.00+5 753.26%
R TR DUIR - A1) 10 1338.33+288.40" 33 583.33+3 006.94"
PSP 800 1.875.00+189.08% 38 166.67+2 483.28"

400 2 400.00+485.80" 49 833.33+7 494.44%

200 3986.67+£318.47 62 166.67+6 794.61

3.6 IE B 4N AL (OTU) R 4 F 4y 26 Hi 7 % &

f#i F Illumina MiSeq/NovaSeq V- &5 #F 17 3 51 K& 0 .

LR RO BRI A RE R A 1093 136 K57

G ARAL S 75 31 900 882 25 A7 &LT A1), Hovh IE H 2 1Y

FAIR 5 iy 50 RN S50 8 ) e Bl PSP A 1 T

1 J AT 5 R RUT B R T R U] PSP
. 96 .

B 3 PSPX MN KR AL TNF-o E B KX HMW(5HIEAL
& ,%400)

Fig. 3 Effect of PSP on protein expression of TNF-a in rats with
MN (IHC, x400)

B4 PSPYMNARBARFPIL-IBEEREHM (R
1k, %400)

Fig. 4 Effect of PSP on protein expression of IL-18 in rats with
MN (IHC, %x400)

A A R M T TR R 0 BT R HOR R AR OGRS
T HOR AR L KT 97% KL B FE S R E N — A
OTU. Jf M Venn [ 3k 43 BT 6 /> FE A i A sl b A7
M OTU %L H , 38 i3 58 LAk IR, AT LU A FOW Y
W A% R AR 22 ) S ) S A R A . A RE
=4 642 1 OTU, & 4 7 4= OTU By £ &= 43 il by
143(IEH 4H), 110(BE R 4 ), 140( PSP-H) , 133 ( PSP-
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M),116(PSP-L), WA 5,
x5 BEBEEREITMH
Table 5 Intestinal microbiota quality assessment

IEHA B
275181 162592 259454 220187 175722

Sample ID PSP-H PSP-M  PSP-L

Input Sequence
Filtered Sequence 242018 130504 224 168 197405 136175

Valid Sequence 236 002 128479 209118 194921 132362

A. IEH 4 ;B. #8 4], C. PSP-H;D. PSP-M;E. PSP-L([¥ 6,7 [ii] )
B 5 XRFERESHOTUKTE LK Venn
Fig.5 Venn diagram on the OTU level of rat gut microbiota

3.7 Alpha ZFE45 %50/ #T  Chaol il Shannon 4§
BOnT R B REAS TP g Bl R 2R
IEH A R RV ) R 5 R R L4 T PSP T
WS WA w2 AR BT, b PSP-H ) il
TR MRS IE W AT . 3E B PSP-H 1] L)
W3 MN KRR 3 TR R 4 A, o MIN K R 3 1
Sk EERE . WK 6.

K6 PSPXUFEHMMEETENEIE (F+s,n=10)

Table 6 Effect of PSP on diversity and richness of species

(x+s,n=10)
21 51 il /mg kg Chao | Shannon
IEH 1 109.67+33.71 7.60+0.41
F 733.78+24.83% 5.67+0.28%
PSP 800 1013.56+83.21% 6.82+0.14Y
400 853.25+31.88% 6.70£0.12%
200 786.16+22.32 6.44+0.07>

3.8 fpIE RS R 5 B

3.8.1 JHiEEBEAETTAKSE LRSS b TR
S LA BT, IE A RN AL 2 e BT A R AN R ) 22
SRR VEERWE 6, A MM 257K/ H K H
/NHER , Bk B BE B[] (Firmicutes) , #2041 54 7]
(Bacteroidetes) , 2% J& ¥ 1 '] (Proteobacteria) &5 , 28
PSP T, JEERETE 1] (4 L isi/IN , $UFF 581 1] A1 AR JE AT 1

P be s, B 557 8 R A, K PSP Al JE Ty
MN K B 8 TS RE TR 1] 3OURT BT RN AR T T 1 1)
A X = R K g S B R 45 A, DN T A R RE T T
L

100 — — — — —— Firmicutes
Bacteroidetes
Proteobacteria
Actinobacteria
™7
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Deferribacteres
Cyanobacteria
OD1
Fusobacteria
0.50 Thermi
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Acidobacteria
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i === Nitrospirac
0.25 Synergistetes
ws6

0.75 1

HIRERE%
111

Chloroflexi

‘Verrucomicrobia
. WPS-2

0.00 Elusimicrobia

A B C D E = Other

Bl 6 R AR kT B W 2

Fig. 6 Microbial structure at phylum level in different treatment

groups

3.8.2 i FEAEJE K B St ot s K
b Ar B, IEE A SRR A 22 K R AT S24-7,
L FF B JB (Odoribacteraceae) Fl T JiE 12 H &
(Lachnospiraceae) , H: W S24-7 F 4L ¥ 13 J& Ay 451 £
AR W AL =& 7245 T PSP , $24-7 U AT
W@ AR A it . WAL 7,

1.00 A I
0.75 - I I I
=] —
— —
- —

0.25

524-7
Odoribacteraceae
Lachnospiraceae
Paraprevotellaceae
Lachnospira
Desulfovibrio
Coriobacteriaceae
Fi6
Desulfovibrionaceae
Streptococcus
Peptostreptococcaceae
Paraprevotella
Aquabacterium
= Ochrobactrum
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== Rickettsiales
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%7 PSP MNXRIFEB/FERNFIM (f+5,2=10)
Table 7 Effect of PSP on B/F ratio in rat (x+s,n=10)

20 51 Fl it /mg- kg B/F
EH 0.95+0.002 9
LY 0.18+0.004 7"
PSP 800 2.29+0.015 0%
400 1.03+0.006 1V
200 1.04+0.005 9
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