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AR SCE B Improvement of Renal Function by Acteoside and Its Reactive

Metabolites from Total Glycoside of the Leaves of Kehmannia
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INTRODUCTION
The leaves of Rehmannia glutinosa o
Libosch. (Dihuangye)’s Total Glycoside (DTG) A

capsule, which is made by phenylethanol *H°
glycoside group in the Dihuangye, has been
developed by our team as a new Class II Chinese Ho
drug for the treatment of renal disease. Since

DTG capsule has a favorable reputation to HO

improve kidney function and protecting kidney Aglycone(DOPE)

with a high degree of safety, the main active
ingredients of DTG capsule as traditional Figure [ The structure of ACT

Chinese medicine (TCM) preparations are not

well understood, which may seriously affect the clinical usage and global promotion. On the other hand,
acteoside (ACT, CH36015) (Figure 1) is known as a verbascoside and widely exists in various TCM,
especially in the Dihuangye. It is worth mentioning that ACT is the main component in DTG accounting
for about 35%, and that in DTG capsule about 12% (capsule preparation made from DTG as raw material
with an appropriate amount of starch added). It has been reported that metabolites of ACT are detectable
in diabetic nephropathy (DN) animals treated with DTG. Therefore, ACT is suggested to be an active
candidate of DTG and DTG capsule for treating kidney diseases. However, it is not known whether
acteoside and/or its metabolites improve renal dysfunction and exert renoprotective activity.

In the present study, to identify the major active component of DTG capsules for the treatment of

renal failure as ACT and analyze its medicinal effects, I have characterized in-vivo metabolites of ACT



in animal models of renal failure, and investigated the effects of these components on renal function in
vivo and in vitro. In CHAPTER 1, | have characterized ACT metabolites and therapeutic effects of ACT
and its metabolites in a rat model of chronic glomerulonephritis (CGN). In CHAPTER 2, I have
demonstrated the improvement effects of ACT and its metabolites on another renal damage model,;
diabetic nephropathy (DN) in mouse. Furthermore, in CHAPTER 3, I have demonstrated the
pharmacological actions of ACT and its metabolites on cellular functions in three types of renal

glomerulus-derived cells under inflammatory and high-glucose conditions in vitro.

CHAPTER 1 Identification of ACT and its metabolites and their renal protective effects in a rat
model of chronic glomerulonephritis (CGN)

First, metabolites of ACT were analyzed by ultra-high performance liquid chromatography
coupled with quadrupole time-of-flight tandem mass spectrometry (UHPLC-Q/TOF MS) using plasma,
urine, and feces from normal and a CGN model of CGN rats treated orally with ACT. A total of 49
metabolites of ACT was identified, of which 21 metabolites were detectable in CGN. In addition, this
analysis indicated that ACT was rapidly absorbed into the blood and transferred to the kidney, while the
metabolites were discharged via urine. These results suggested that the main metabolic organ of ACT
may be the kidneys.

Next, I analyzed the dynamics of biomarkers related to renal failure in the ACT-administrated
CGN rats. ACT administration was found to decrease; 1) the serum level of creatinine, ii) urinary protein,
iii) the plasma level of CDI18, iv) the platelet aggregation, and v) the expression of TGF- and
fibronectin (Figure 2). However, there was no change in the serum level of endothelin and the plasma
level of CD3, CD4, CDS, IgG, IgM, IgA in CGN rats. Furthermore, the level of TNF-a and IL-6 was
decreased in serum and splenocytes in CGN rats. Similar ACT-mediated suppression of both cytokines

was reproduced in lipopolysaccharide-stimulated macrophage RAW?264.7 cells.
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Figure 2 The level of creatinine and urinary protein in the ACT-administrated CGN rats

CHAPTER 2 Characterization of renal protective actions of ACT in db/db mice with diabetic
nephropathy (DN) and their network pharmacology analysis
As the Chapter 1 showed that ACT improved renal functions in CGN rats, the pharmacological



mechanisms of the ACT actions were
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1) decrease the body weight gain values of

mice without the alteration of water

Weight gain (g)

consumption and feed intake (Figure 3);
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and collagen deposition in glomeruli and §10- 2
tubular interstitium in DN rats. A principal 2 D "
component analysis (PCA) using serum, Con Mod Irb  ACT " Con Moed Wb ACT

urine, and kidney showed that pathways Figure 3 Body weight gain, water consumption, and feed intake in
associated with the metabolism of amino s wr vennen PR

acids were markedly changed by ACT treatment. In addition, a network pharmacology analysis using
Pharmmapper and Swiss Target Prediction databases indicated that a total of 293 targets for ACT and
1748 targets for DN were extracted, with 122 targets overlapping between them. Furthermore, the
"component-target-pathway" network revealed that targets in signaling transduction pathways such as
AKT2, AKT1, MAPKI1, HRAS, MAPK10, EGFR, MAPK8, MAPK14, IGFIR, and SRC were
associated with the pharmacological actions of ACT in DN. Moreover, the verification test by targeted
metabolomics was performed in kidney samples. The urea cycle and metabolisms of arginine, proline,
glutamate, aspartate, asparagine, tyrosine, tryptophan, pyrimidine, phosphatidylinositol phosphate,
purine, lysine, glycine, serine, alanine, and threonine, which closely influence endocrine and immune
system, was suggested to be a high relevant pathway along with the signaling transduction pathways in
the renal protective actions of ACT. These results suggested that the actions of ACT are associated with
the regulation of signal transduction, the metabolism of carbohydrate, lipid, and amino acid, and mainly

the endocrine and immune systems.

CHAPTER 3 Molecular mechanisms of renal protective actions of ACT in rat glomerular cells in
vitro

To elucidate the molecular mechanisms of the therapeutic actions of ACT for kidney disease, |
examined the effects of ACT on the expression of kidney disease-associated factors; matrix
metalloproteinase (MMP), connective tissue growth factor (CTGF), TGF-p, angiotensin II (Angll), and
nephrin in rat mesangial cells, glomerular endothelial cells, and podocytes under inflammation and high-

glucose (HG) damage conditions. When those cells were treated with IL-13, LPS, and HG, the cell



viability was slightly decreased. Both ACT and DTG dose-dependently augmented the cell viability in
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Figure 4 The suppression of MMP-2 and MMP-9 production by ACT and DTG in IL-1B-stimulated rat mesangial cells

the IL-1B-, LPS-, and HG-treated cells. The IL-1B-induced production of MMPs-2 and -9 was
suppressed by ACT and DTG in three cell types (Figure 4). In addition, the LPS-augmented production
of CTGF and TGF-B was decreased by ACT and DTG in mesangial cells. Both ACT and DTG was
found to suppress the HG-induced production of Angll in glomerular endothelial cells. Furthermore, the
HG-reduced level of nephrin was augmented by ACT and its metabolite, DOPAC, but not DOPE in

glomerular podocytes.

CONCLUSION

The present study demonstrated that ACT improved the symptoms of nephritis by the inhibition
of inflammatory responses, the regulation of immune function, and the improvement of tissue
hemodynamics and hemorheology in CGN rats. In addition, ACT exhibited similar protective activities
due to the reduction of not only histopathological but also functional damage to the kidney in DN.
Furthermore, the network pharmacology analysis suggests that the actions of ACT are associated with the
regulation of signal transduction, the metabolism of carbohydrate, lipid, and amino acid, and mainly the
endocrine and immune systems. Moreover, as molecular mechanisms for the improvement and protective
actions of ACT to renal functions in CGN and DN, ACT is likely to re-activate the viability of glomerular
component cells and suppress the expression of nephritis-inducing factors related closely to the
occurrence of renal dysfunction. Thus, these results strongly suggest that ACT is a crucial active
component in DTG for the treatment of kidney disease. Given that ATC metabolites existed in the blood
and kidneys, ACT is likely to not only improve systemically metabolic regulation, but also restore
glomerular component cell functions in renal failure patients. Thus, this study is believed to contribute

to the development of new therapeutic and preventive agents for kidney disease.
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HENCE T 2 BEHEERRIC X 2 BITBERITE LML TR Y, 722 OBEEITE T

WD, ZD XD 22w b ENIRIRIFEICEB T 2B N L EN T WD, HIFEE D7V —7 1%,
R IGHEIC BT O E L TS (L ~=7 - ZAT 4 /=% - UR v =2) ORIV
av R (DTG) » 7% bifiLic, ZoOEWE G U BEMERE, BERFERER L O off
DEFELRZITIBNC, FIZEBROa Y be— E7 LT I oM, HiEEORD 78 &
BB BENRBD N TS, DTG 7 7 X 2 EEEFGEIZ. 20oERSTHD
acteoside (ACT)IZHEIK T 5 L HEER XL TV DM, ACT 1T L 2 BHERELHE - tRAEER I W Tid+
SIS TRV, ARBFFETIE. ACT OBEREREITER 2 ONNC T2 2 L2 BIZ, 28
HOBREEMET MZBWT ACT OENREHEZFE L, ACT 1 L OZ ORI X 2 Bk
HECRE « PREEZN IR D4y TR % in vivo 38 X OV in vitro [ZRBWTRET L7,
51 E T, BHEREREBE R T v Mok W T, H&a#riE (UHPLC-Q/TOF MS) % B L T DTG
TN DOEMRSTE LTACT 2425 L & bic, 49 FHD ACT ORFED ZFREL, TDOW
D 21 FEPMBMREREE R ICB W TRt Sz, 72, 85 &7 ACT IR BIgICBITL
T, TORBEDDNIRFPICHR S D Z 2R L7z, S 51T, ACT IZEMARERIEBERICEIT S
PLRIEVERSCRiR R K U > RER DTG LR X OB RO BE L2 B9~ 2 = & R A Lz,
2 BT, BRIRMERIE~ 7 2B W T ACT 23~ 7 ADMKEHINZME], SRERIR, SRERIKEM
MEBLOREROEELZKET LI EaH LN L, £, ERS 98 (principal
component analysis)?»5 7 2/ FEHHZESE# 9~ 2 #8828 ACT #4512 L » THHF I (LT 52 &,
T b U — 7 FEEEENT N5 ACT OFFEM ERERFMERIEICIN T 122 OFERMAEEL TS Z
ExRAMLT, 6T, =7y Mt bNZE XL ORER~OBEERHER S50 < o0
DM TE AR ERRIE & 7 2/ WS ACT OBMRE#EMERIZE D 5 ATREMEA R L=,
% 3T TIE, ACT IZ K 2 BHERE BN R O 5 FHIE A A 5 22T 57291, BdR A 480E L7 &
FEFY F 7218 7V 2 — AR T CORERMKE R A0 Ala, WA ZOVEME R
R B) 1280 T, ACT 1E 3 FEOMILDAEFREIEMSE DL Z L 26T Lz, £/, ACT
TR bICEBREICEbA~ M) v 2Ax 2 a7 a7 7 —EMMP)-2 B LU MMP-9 & f5 A%
RER TR0 7 VA7 3 — I  VHEK T B OFEAZIIH LT, & 512, A KA MW TH
ERIKRERERIERICEA D 2 % 7 U U DREAED ACT OFB7p 53 FDAKNRHH T 5 DOPAC 12X
DEIINT A2 L ERR LT,
AEFFEL Y . FEICE T 2 BRRHEEICB VT ACT 1% DTG B 70 E8 Rk Th v |
BRI BAT L IRV R 2 BT 2 2 EARIB I N D, F7-, BIERERIAE 2 L OWER
JRHEBEIZR VT ACT 1N/ X O RIC D 2 MR N IS HURER K 2 0 L= 7 2 BRfX
B O U L SRERARE IR OBREIRIE IR L€, BREE - DR 2 RIETH L0 LR
ENb, AHFFEREIL, ACT AMEIEMICBIRICEAT L CEHSEE 2 TRET 2 817 7o BImRTa et &
LTAEHTHDL ZLZ2MRETHE &bz, BB EEDOHBICLERT 2O TH
Do
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