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[Abstract]  Objective: To observe the effects of modified Liuwei Dihuangtang on serum fibroblast
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growth factor 23 (FGF23), full-length intact parathyroid hormone (iPTH) , and 1, 25-dihydroxyvitamin D,
[1,25(0H),D,] levels and Klotho and FGF23 protein expression in renal and bone tissues of rats exposed to
high phosphorus combined with adenine, so as to explore the mechanism of modified Liuwei Dihuangtang
against renal osteopathy. Method: One hundred and thirty healthy adult SD rats were randomly divided into five
groups, namely normal group (n=10) , high phosphorus group (#n=30) , model group (n=30) , modified Liuwei
Dihuangtang group(n#=30) , and calcitriol group(#=30) , and rats in each group were further classified based on
three time points, namely 8, 10, and 12 weeks. Rats in the normal group were fed with normal diet, the ones in
the high phosphorus group with high phosphorus diet, and those in the other groups with adenine and high
phosphorus diet for inducing renal osteopathy. Rats in the normal group, high phosphorus group, and model
group were intragastrically administered with distilled water (10 mL-kg"'-d") , the ones in the modified Liuwei
Dihuangtang group with modified Liuwei Dihuangtang (2.556 g-kg"'-d") , and those in the calcitriol group with
calcitriol (0.09 pg-kg'-d"). Result: Compared with the normal group and high phosphorus group at the weeks
of 8,10 and 12, the model group displayed significantly elevated blood urea nitrogen (BUN) , serum creatinine
(SCr) , serum phosphorus, iPTH, FGF23, renal interstitial fibrosis score, and FGF23 expression in renal and
bone tissues, but lowered serum calcium and 1,25 (OH),D, and Klotho protein expression in renal and bone
tissues (P<0.05 , P<0.01). Compared with the model group at the weeks of 8, 10 and 12, the modified Liuwei
Dihuangtang and calcitriol both significantly decreased the serum BUN, SCr, serum phosphorus,iPTH, FGF23,
tubulointerstitial semi-quantitative score, and FGF23 expression in renal and bone tissues, while increased the
serum calcium, 1,25(OH),D,, and Klotho protein expression in renal and bone tissues ( P<0.05,P<0.01). There
was no significant difference in the above-mentioned indexes between the modified Liuwei Dihuangtang group
and the calcitriol group at the same time point. Conclusion: Klotho-FGF23 axis is probably involved in renal
osteopathy. The modified Liuwei Dihuangtang effectively improves renal function, alleviates pathological
changes in renal and bone tissues, and regulates calcium and phosphorus metabolism to protect the bone, which
is related to its regulation of Klotho-FGF23 axis.

[Keywords] modified Liuwei Dihuangtang; renal osteopathy; fibroblast growth factor 23 (FGF23) ;
Klotho protein
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K- 24 8 2 TR, B K P 3 BRI (P<0.01) . S
RUZR LA, IR 7S A b 35 37 A1 R0 B b — B 4 4% 1)
RUILTE H BUN, SCr, 85 /K - 35 B b BEAIS 45 & 5 1
A FT T (P<0.05,P<0.01) , T AITBR 7S WK 4 55 97 41 1
B Al = A A5 A A ] B AR S AR 22 R e S it
2.2 XfILE iPTH, 1,25(0H),D, Al FGF23 /K- 1952
e 5O 2 MR, B 2 R B 3 b iPTH,
1,25(0OH),D, M FGF23 F i R LFRIT¥E L. 5
o Wl e A, B A A R AR i B S I T iPTH A



527 B 24 W] HEXBAFZRS Vol. 27,No. 24
2021412 H Chinese Journal of Experimental Traditional Medical Formulae Dec. ,2021

R1fNBRISIR M E 7 X CKD-MBD #8! X B % B 8] & fl BUN, SCrr, M $5 71 M 8% A9 R M (F=s5,n=10)
Table 1 Effect of modified Liuwei Dihuangtang on serum contents of BUN, SCr, calcium and phosphorus in CKD-MBD model rats at

various time (x+s,n=10)

215 Fl /g kg 5[] BUN/mmol- L’ SCr/wmol- L™ 4% /mmol- L % /mmol- L'
EH T 9% 12 4 5.36+1.35 15.47+1.39 2.83+0.18 2.29+0.16
[0 TR 8 JE] 5.33£0.57 14.18+1.22 2.85+0.06 2.30+0.31
TR 10 ] 5.38+0.34 14.23+0.38 2.77+0.18 2.28+0.18
TR 12 ] 5.39+0.29 14.26+0.57 2.79+0.17 2.30+0.18
157 TR 8 JE] 16.88+2.31" 24.16+1.39" 1.89+0.06" 3.54+0.26"
A 10 17.44+3.79" 25.45+1.49% 1.83+0.12" 3.74+0.22"
AR 12 18.73+4.32" 29.98+1.05" 1.69+0.13" 3.91+0.15"
kS WL E 2.556 AL 8 JH] 14.70+1.18% 21.48+1.56% 2.12+0.07V 2.98+0.12Y
A 10 J] 13.43+1.99% 20.57+1.56% 2.23+0.24" 2.91+0.08Y
A 12 12.06+1.86% 19.33+1.05 2.49+0.18" 2.80+0.18Y
Bk = 0.9x107 152 8 JH] 13.62+2.23% 22.41+0.35% 2.19+0.23% 2.92+0.04Y
A 10 J 12.41+2.43% 20.97+1.12% 2.42+0.35Y 2.86+0.10V
A 12 ] 11.48+1.87% 18.05+1.73% 2.63+0.317 2.72+0.22Y

TE « 5 AR IO FRF ) A58 T 2 AV P<0.011 5 55 4 IS R I A TR 4 4% 2 P<0.05, Y P<0.01(£ 2,3 ) .
FGF23 & & JF & , 1, 25 (OH),D, F # (P<0.05,

P<0.01). SHERIZH L aE, Ik 7S bk % 7 4 A a4k
=2 A B A A K BRI VS FGF23,iPTH & & F iR,

1,25(0OH),D,/KF F i (P<0.05,P<0.01) , ifij il bk 7
WK b BT 7 2H A Ak = 2H A I TR R R AR 2
¥ilgit e L, k2,

F2  HNBR7NBR I EF 3T CKD-MBD #E £ K 5 & Bt 18 iPTH, 1,25(0H),D, 1 FGF23 K FE I # I (x+s5,7=10)

Table 2 Effect of modified Liuwei Dihuangtang on serum contents of iPTH, 1, 25(OH)2D3 and FGF23 in CKD-MBD model rats at various

time (Xx+s5,n=10)

215 Fl /g kg i ] iPTH/ng- L 1,25(0H),D,/pg-L" FGF23/ng-L"
EH wFE12 4 39.47+0.87 193.13+14.01 122.92+25.85
= TR 8 JE] 40.33+1.62 192.26+6.26 125.06+22.23
TR 10 8] 40.99+1.10 190.86+9.58 127.36+17.66
TR 12 8] 41.57+1.28 192.37+9.85 132.42+17.35
FL TR TR 8 JE] 80.19+0.96" 96.45+4.82" 222.97+31.10"
AR 10 J] 84.26+2.22" 86.83+4.00" 242.55+25.54"
AR 12 J] 97.89+8.94" 83.78+3.77" 263.25+23.71"
kS HLE Y 2.556 1A 8 JH] 77.26+1.29% 103.65+6.37% 202.74+23.91%
AR 10 J] 71.81+1.91% 114.51+6.219 192.98+25.88%
AR 12 ] 59.82+3.22% 123.94+10.12% 182.89+25.26%
Bk = 0.9x107 A5 8 JH] 77.43+2.92% 101.54+4.05 196.39+25.42%
L 10 14 72.25+2.23 115.5349.03% 184.89+24.87%
A 12 ] 63.71£2.90% 127.09+5.15% 174.55+25.99%

2.3 XBENEREA N 5IEW A, Rk R
B 2H 2L I T 5V 8] SO 25 T O s 5

B2 PE A, R A R B i

R 5 m] UL B . 1 2 45 45 4

UK A, I Bl I ) A 4 2 N (P<0.01) o A
T ZH LR, IR 7S IR Ml 2 37 4 5 R A = B 2 45 i ()

24 XHEHLURE

[t £F 4 58 A 3T 53 25 B I B IR (P<0.05, P<
0.01),ﬁ'ﬁj]l]%/‘T%iﬂ?ﬁf%?ﬂ’—ﬁﬁ’ﬂ’ti@?éﬂ%ﬂﬂm,ﬁ
BEERZEZRY LRI 2,0

=/
o

FREFRExR, 5IER
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R3  HIBRSBR M EF X CKD-MBD # 2 k B IS i8] R T 4L o Es
B (X+s,n=10)

Table 3 Effect of modified Liuwei Dihuangtang on scores of renal

interstitial fibrosis in CKD-MBD model rats (x + s,7=10) vax
4151 Mbk/g-kg!  EMI8JE EML10 AL 12
(=2 0.17+0.37 0.23+0.42 0.17+0.37
TR 1.77£0.76" 2.03+0.66" 2.83+0.93"
AR 2.556 1.40+0.49” 0.87+0.72% 0.40+0.55"

Bk = 0.9x107  1.47+0.56% 1.00+0.68> 0.50+0.50>

2 LA, e Wl 2 S B TR PR N SR R A A R
B AR AR TC W] AR . 5 R A LR, A A R
Sl AT UL 2 2 B /NGRS B P 4 28 o v AR
I, R 4 e /D I B R ) S R AN BB 5 A
AUZH LA, IR 75 A b 8 37 20 i Ak = 20 A& 1 (8]
FURBUE /N B 58 B RS- 349 286 B 5 T AR B 1Y e v /b
H 240 MRS S 1S 2 TR S A b 837 4H R Ak =
P 21 (1) 25 B ) s B A8 22 LA 22 R RS i 22 3
LK 2,

A, R B. BIRALC. IR S W HL B 7 4 5 D. 51k = BE4L (1K 2~4 [A] )

B 1 Bk BRithE % 3 CKD-MBD X R 5 A LR E MM (Masson, x400)
Fig.1 Effect of modified Liuwei Dihuangtang on tpathology of kidney tissue in CKD-MBD rats (Masson, x400)

128

B2 mnBR7<BR#EE %3 CKD-MBD X BB HRAREF M (Goldner's ={2,x100)
Fig.2 Effect of modified Liuwei Dihuangtang on pathology of bone tissue in CKD-MBD rats (Goldner's trichrome, x100)

2.5 XHENE CEE FGF23 Rk m  HIEW 4L

B, TR 2 A% I R] S AR AR E A B A k.

55 W A bl A AR 2 R BRSO N R A
A4 R 3R e 240 B 55 200 B 3 4 Ak A T SRR A ) o HE
ANNREN i: I Sl N | 1SN T RGO 7/ BT A N T R
. 66 .

(P<0.05,P<0.01). SHERIAL LA, B 7S b b ¥ 1
ZH AR A L B /N GE R AN e R A R A
Ry () ST B0 A T 0 /b, HL B A B[R] AE K 3R 3 AN
T B (P<0.05,P<0.01) , T 7S M 3t B 37 21 Fl 4
SRS EES TR FE L WK 3, %4,
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El3 mBk<BRiE A CKD-MBD X R HAFGF23 &AM (2 dlfk, x200)
Fig.3 Effect of modified Liuwei Dihuangtang on FGF23 protein in kidney tissue of CKD-MBD rats (IHC,*200)

R4 MKRAKMEFY CKD-MBD K REAR . BFAREHE
FGF23 E R IAWI# I (X+s5,n=10)

Table 4 Effect of modified Liuwei Dihuangtang on 74 of FGF23
protein in kidney tissue and bone tissue of CKD-MBD rats at

various time (x+s5,n=10)

21 5 il b /g ke s [7] 5 4120 EEEN
EH #1228 0.65£0.02 0.04+0.01
(=R WEISH  0.65+£0.01 0.04+0.01

HRL10E  0.73+0.06 0.05+0.01

BT 125 0.840.15 0.05=0.01
T I8 2.10£0.08"  1.65+£0.34"
R0/ 3.15+0.187  3.70+0.33%
EROI2M 6.65£0.177  6.23+0.427
JERISER 2,556 WERI8JE  3.22+0.12Y  1.370.17%
RS R0/ 2.21£0.09Y  1.07+0.14"
WER128 0.82£0.12  0.05+0.00"
B = 0.9x107  EBI8S  3.12+0.10°  1.32+0.27%
WERI10E 2.15£0.09Y  1.06+0.12"
WR12E 0.77£0.05Y  0.05+0.01"

T 5 R I ] 5 4 LA VU P<0.05,2 P<0.01 5 5 A7 7 I ]
R L %5 2 P<0.05,4 P<0.01(F 5 7).

5 IEE A E, o W 2 45 B ) s B L 8L R D
B /D BA P 3R GK T BN AN R S A i A 22
SEGEIT¥E L . HEua s B g NS
- B 4 ) 3% 22 Ak T D B S A AR ) B E AR OB
B JE] SE A BH M 3R R 5O T R 4 (P<0.05,
P<0.01), SHEEBIA PCET, NOR 7S bR b 85 1 41 N wr ik
SRR N AR R AR ) B s b, HL B I [R]
FEK A 5 ORI R B 3 (P<0.05, P<0.01) , Tfii fin
AN E A S - HERLEEZRT

GitFE X, kK4, K4,

2.6 XJENE H S Klotho RIS SIEH 411k
A, Ve s 4L B U 4% 15 1R) A5 Klotho B I R A 22 F 0
GiiteFE o 5 WAL A ]S b B R 2 R R
2% W 8] 45 0] UL Klotho 25 1 7% & B W F % (P<0.05,
P<0.01), SHEEAVALLEE, k7S ok Hh 2 v 41 2 i Ak
= 4 45 )R] A5 Klotho £ [ 3% 1k 1 ¥ 5 T 58
(P<0.05,P<0.01), 1 MW 7S WA Hb 35 37 20 Fl B Ak — it
21 45 B[] 45 Klotho BHM: R iA 2 ¥ L4 # B X
s, s,

5 0E R AL LA R i A 4 8045 B ] S Klotho
HHRILGEZER TG L 5 R B4 4 0
SRR MR ALK A B TE) A AT L Klotho R & &
B % R B (P<0.05, P<0.01) ; 545 0 20 He 4, fin ik 7S
W b 8% 7 A1 R fb = B L4 B[R] A Klotho 2K 4
Ik A BTN (P<0.05, P<0.01) , T JI R 7S IR M 2
7 4R Ak = T 4 4% B ] 63 Klotho APk 363k 22 &
VIlgiEm L, kS, Fe6.

3 Wig

CKD-MBD & —Fl &g 4% i 4= B P i , 32 B4
AE A2 45 1L 75 45 , %, iPTH 1 1,25(0H),D, [ 4 L 57
B R R AR B R R S B T A A
ST R DL SR R A S A = AR 4y . 7E CKD R
BT H B0 5 A Ak 8, iPTH M FGF23 T+, LA &
1,25(0H),D, K19 TR R . FGF23 J&: 551
AR F2 28 N 2 — | AR I R 1, 25
(OH),D, /KT AR, ey i 4 43 6 45
Klotho FZFE B /NS L e MRk, A YU bt
SR PR TR AL AR 2 R A S A
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12/

El4 MBR<BR#EE AT CKD-MBD KRB HAFGF23 Z AN (2 4l1k, x200)
Fig. 4 Effect of modified Liuwei Dihuangtang on FGF23 protein in bone tissue of CKD-MBD rats (IHC, x200)

K5 MBRABKRHEZIT CKD-MBD X R&MESSHA . FHR

Klotho & (3 F A M (Fs,n=10) Kot o s NN ANNN >

Table 5  Effect of modified Liuwei Dihuangtang on Klotho

protein in Kidney tissue and bone tissue of CKD-MBD rats at B-actin .........."‘ 42 kDa

various time (x+s5,n=10)

A B CDEVFGHTIIJKLM

fl] i N | Klotho “H#% Kloth
4151 /:.J;z o i 8] %;iEAP;HO K ijac;n ? Bl 6 CKD-MBD KR & HZ Klotho F A ik
Fig. 6 Electrophoresis of Klotho protein in bone tissue of CKD-
EH 3128 0.78+.043 1.32+0.01
MBD rats
[0 L8 E  0.79+0.51 1.34+0.02
25 i I ; . g
W10 0.7640.64  1.34+0.04 BF5E % B, FGF23 76 1 JIE 1 1) FGFR1-Klotho & 43 4)
+ A fp A R [22] N
WHII2 075045 1.3320.05 i, AW 1,25 (OH).D, 9 i o BT EA S
s RIS 0.79£0.05" 0.752+0.01" Klotho-FGF23 fE 5 Wk Vi1 4% W 55 0" IRt ) &5 - 5, 2 5

P CKD Ji Bl oL 72

A B 5% 45 5 W), CKD-MBD K [ Bl BUN,
SCrFl FGF23 /K- iy F iy , A5 s A 25 0L, B 18] 5T 13
PR EF Ak A5 T 25 24 A% | B 2 3 AR ) 7 48 K T
Al 32 W T B, ' 0] T £ 4k Ak s 14 W7 0 I A
1,25(0H),D, K- N K& , 8 , FGF23,iPTH Jt i 557K
SR Ak B Ak K R AR 55 R ) R T HEE 5
117 B 25 B T R R IR Sk i B B A B T B A
&, B8 T fE 2 it J5 FGF23, iPTH /K F 7t &
1,25(0H),D, F [, A58 45 1 5 CKD-MBD 5

oo (MMM o' it BRSO R

R0 0.43+0.16"  0.69£0.06"
WERL1205 0.37+0.06°  0.51£0.05%
MBI 2.556  rEBISA 0.63+£0.08”  0.91+0.027
WERI10JH  0.70+0.14Y  1.26+0.05"
12 0.89+0.08Y  1.26+0.05"
= 0.9x107 M8 0.58£0.03”  0.91+0.017
WERI10)J5  0.82+0.06°  1.10£0.01"

WRI12 1.01£0.11Y  1.20+0.02Y

JJE 5 & #% 1 FGF23 5 /K F A, 1 Klotho #E T

STKDa I % B I AE KR IR L 5 0L B L FGF23,

ABCDETFGHTITIJKLM iPTH %5 7K - Tt 5 22 B0k 1E S 5 #a 45, 1 Klotho [ 3

A, IEH 4 B~D. H#418,10,12 /8 ;E~G. A4 8,10,12 f ;H~I. KRR B R 45 A RTI ARG, UUO kR 441
N WA UL 8,10, 12 ] ; K~M. ‘B 1k = B4 8, 10, 12 J& . SN . N

TR 7N Wk B 408,10, 12 A K~M. AL = B4 8, 10, 12 FGF23 % 1k K 5 2% |- 9 45 %2 00 | [ i e )

GAPDH

(E6lF)

JHL r S N |
H5 CKD-MBD % B IS 2 Klotho & & 3k CKD Hif ‘B # FGF23 1 Klotho (1 3% ik FJ & 5 3] ' /It
Fig. 5 Electrophoresis of Klotho protein in kidney tissue of CKD- Klotho-FGF23 7J( V5 ﬂlﬁl ,FGF23 7J(S|ZJ:}I“ ,Klotho T
MBD rats ¥, B2 R B Klotho i1 &L . X 42 78 CKD-MBD
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) & M K e ] BE S B IE Klotho-FGF23 %l 2% iy 52 i
1 Klotho-FGF23 %t 75 1 8 vh i A, 2 100 52 Ml J8d 7
il ISR N IR R A R TR TRV |1 AN S Y
WG YT Ja B FGF23 K W] & [, Klotho 7K P
T, IRl IR T I ) S A el AR A R X R
R 7S Bk ML B BT FGF23 43 W, 4 4l R 1
Klotho 43 i 48 il , [A) B 5 Wi B 2 2 FGF23 #1 Klotho
PR 7K LA ] 458 s B 240 L B B 240 B b oA DG BR E Y
A3 W DT 5 ) B 0 T8 15 W AT, 9@ 3 o ik 7S R
# 37 0l fig 0l LU i 98 715 Klotho-FGF23 il 1Y 3l 45 °F
iy, % CKD-MBD #8545 25 Bl A& 3] — & fr
P, 2E 1M 4E 28 CKD-MBD i & .

HBE 2 IR IC S B e T —dn] AR s
I PRI PR 26 B, 300 J8 T b IS R R E TV W
WA A E ., MARESR LR, ES
HHEEE ¥ LREREN> . WA ESITRER,
L oy W 1-a R AL R IE S E AT
(BMP-7) 1977 A, 98 1 85 g AR Al AR ROREF .
TR ZH H 9 F 58 B, IR 7S BR M B 3 BRI
FGF23 %3k, i i I ' 4121 FGF23 () # ik K IE
PRI ARSI i — B 5 R I, B B )
HERS | = W K5 IR IEE 04 9 CKD-MBD K RUE D 6E .
B AR AR 2 A A2 B 5 A N W
R, 85 B 2 6L, iPTH, FGF23, 15 % FGF23
Fikm WA AW A, Klotho ik & AW T [ 14
o TN R 7S B M V% ) Bl CKD-MBD K R
Tae H A ZE AL 3R Sk B R R A
B AF [A] I R K BB B Klotho 25 165K, N %
FGF23 ik &t , 3 £ 7 Jin Wk 7S Wk b %537 7T i 38 2o 3%
T Klotho-FGF23 - , fie 2 K 45 A AR 7 1E o

2% LT ik, Klotho-FGF23 il B 2 T ' F 55 1 %
PIA RSG5 BB 8RR G5 B RORS R
Al RE R TP LR B R B B TR,
A 5 R . il o 4 Klotho-FGF23 4l i BF 5%
AT N FAEYHAERRE B8 ES
B2l oy B 2 DN Sl VSR = - B B = R T e A A R
L J1 B9 UE S 4, i CKD-MBD (135 97 42 415 8 1
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