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The Qi-Bang-Yi-Shen formula ameliorates renal dysfunction and fibrosis in rats
with diabetic kidney disease via regulating PI3K/AKT, ERK and PPARY signaling
pathways
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Diabetic kidney disease (DKD) is the leading cause of chronic kidney disease (CKD) and a growing public
health problem worldwide. Losartan potassium (Los), an angiotensin II receptor blocker, has been used to treat
DKD clinically. Recently, multi-herbal formula has been shown to exhibit therapeutic activities in DKD in
China. Thus, we aimed to explore the protective effects of combination of Los and Qi-Bang-Yi-Shen formula
(QBF) on DKD rats. Streptozotocin (STZ) injection was used to establish a rat model of DKD. Next, the blood
urea nitrogen (BUN), creatinine (CRE) and uric acid (UA) levels were detected in serum samples from DKD
rats. Hematoxylin and eosin (H&E), periodic Acid Schiff (PAS) and Masson staining were performed to
observe glomerular injury and glomerular fibrosis in DKD rats. In this study, we found that QBF or Los treat-
ment could decrease serum BUN, CRE, UA levels and reduce urine albumin-to-creatinine ratio (ACR) in DKD
rats. Additionally, QBF or Los treatment obviously inhibited glomerular mesangial expansion and glomerular
fibrosis, attenuated glomerular injury in kidney tissues of DKD rats. Moreover, QBF or Los treatment signifi-
cantly reduced PI3K, AKT and ERK1/2 protein expressions, but increased PPARY level in kidney tissues of
DKD rats. As expected, combined treatment of QBF and Los could exert enhanced reno-protective effects com-
pared with the single treatment. Collectively, combination of QBF and Los could ameliorate renal injury and
fibrosis in DKD rats via regulating PI3K/AKT, ERK and PPARY signaling pathways. These findings highlight
the therapeutic potential of QBF to prevent DKD progression.
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Introduction

Diabetes mellitus (DM) is a common endocrine and metabolic
disorder also known as wasting-thirst disorder.!> Meanwhile,
hyperglycemia and insulin resistance are hallmarks of DM.'”
Diabetes, as it is well known, frequently causes severe clinical
complications such as diabetic kidney disease (DKD).® DKD is a
major cause of morbidity and mortality in diabetic patients, as well
as the leading cause of kidney failure worldwide.” Unfortunately,
about 30-40% of patients with DM will develop kidney complica-
tions. ¥ Recently, it has been shown that the blockade of the renin-
angiotensin-aldosterone system (RAAS) is effective to control
glycemia and blood pressure, and then prevents the development
of DKD.!*!2 The angiotensin II receptor blockers (ARBs), a kind
of RAAS inhibitors, are commonly used to treat DKD.!3!4
Losartan potassium (Los), a classic ARB, has been shown to
exhibit renal protective effects in DKD.!>!® Moreover, Los was
found to reduce blood pressure and attenuate kidney fibrosis in
mice with CKD.!” However, the clinical application of ARBs is
limited, because of their side effects including dry cough and ele-
vated serum potassium level.'®

Combination of traditional Chinese medicine (TCM) and
ARBs has been considered as effective treatments for DKD.!” The
Qi-Bang-Yi-Shen formula (QBF), composed of Astragalus mem-
branaceus (Fisch.) Bge (Huang qi, HQ), Rehmannia glutinosa
Libosch (Di huang, DH), Panax notoginseng (Burk.) F. H. Chen
(San qi, SQ), Arctium lappa L. (Niu bang zi, NBZ), Paeonia
lactiflora Pall. (Bai shao, BS), and Glycine max (L.) Merr. (black
beans), is drawn up by Prof. Chen and Prof. Jian according to the
TCM syndrome differentiation. The QBF has the functions of
replenishing blood and tonifying kidney, and dispelling dampness
and stasis, which was used to treat wasting-thirst disorder. HQ,
DH, and SQ have been shown to exhibit reno-protective effects in
kidney diseases.?>> Meanwhile, the main active component of BS
(total glucosides of paeony) and NBZ (arctigenin) have been
shown to have therapeutic effects in CKD.?3*

However, the mechanism by which QBF improves renal dys-
function in DKD remains unclear. Thus, in this study, we explored
the underlying mechanism of QBF in DKD rats and investigated
the reno-protective role of combination of QBF with Los on DKD
rats. These findings may highlight the therapeutic potential of QBF
and Los to prevent DKD progression.

Materials and methods

Drugs

The Qi-Bang-Yi-Shen Formula (QBF) is composed of HQ,
DH, SQ, NBZ, BS and black beans at a rate of 10:5:1:5:5:5
(w/w/w/w). These herbs were provided by the Jiangyin Tianjiang
Pharmaceutical Co., Ltd. The Losartan potassium tablets was
obtained from the Merck Sharp & Dohme Limited (Approval
Number: National medicine standard word J20180054;
Hangzhou).

Animal study

Male Sprague-Dawley (SD) rats were obtained from the
Department of Laboratory Animal Operations in Shanghai Institute
of Planned Parenthood Research. This study was approved by the
Ethics Committee of Shanghai Jiao Tong University Affiliated
Sixth People’s Hospital and conducted according to the interna-
tional rules and guidelines. After adaptive feeding for 2 weeks, rats
were randomly divided into control (n=5) and DKD (n=35)
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groups. In the DKD groups, streptozotocin (STZ; 55 mg/kg) in 1%
Na-citrate buffer (pH=4.5) was intraperitoneally (i.p.) injected to
each rat. Seven days after STZ induction, the blood glucose levels
of rats were determined and rats with blood glucose levels >16.7
mM were selected as DKD rats in the following experiments.
Next, DKD rats were randomly divided five groups: (I) DKD +
Vehicle (DKD + Veh) group, (II) DKD + low-dosage of QBF (L-
QBF, 10 mL/kg) group, (IIT) DKD + high-dosage of QBF (H-QBF,
20 mL/kg) group, (IV) DKD + Losartan (Los) group and (V) DKD
+ Los + H-QBF group. Rats in the control and DKD + Veh groups
were given deionized water by gastric gavage per day for 12
weeks. Rats in the DKD + L-QBF, DKD + H-QBF, DKD + Los
and DKD + Los + H-QBF groups were given L-QBF (10 mL/kg),
H-QBF (20 mL/kg), Los or H-QBF (20 mL/kg) + Los per day by
gastric gavage for 12 weeks.

The body weight of each rat was monitored every week. For
urinary collection, all rats were housed in metabolic cages, and
then urine samples within 24 h were collected every 4 weeks. Next,
blood samples were collected through tail vein every 4 weeks, and
then blood glucose levels were monitored with a glucometer. After
12 weeks of treatment, all rats were deeply anaesthetized by pen-
tobarbital sodium (3%, 40 mg/kg, i.p.). The blood in inferior vena
cava was then collected, centrifuged at 3000 g for 15 min to collect
serum samples. Finally, the bilateral kidneys of rats were removed
and weighted.

Metabolic measurements

The urinealbumin (UA) and urine creatinine (CRE) were mea-
sured by the rat albumin ELISA kit (Crystal Chem, Elk Grove
Village, IL, USA) and the creatinine (Cr) assay kit (Nanjing
Jiancheng Bioengineering Institute, Nanjing, China), respectively.
The urine albumin to creatinine ratio (ACR) was calculated (ACR
= urinealbumin/creatinine). The levels of blood urea nitrogen
(BUN), CRE, uric acid (UA), alanine aminotransferase (ALT) and
aspartate aminotransferase (AST) in serum samples of rats were
assessed by biochemical test kits (Nanjing Jiancheng
Bioengineering Institute).

Histopathological study

The kidney tissues were fixed with 4% formaldehyde
overnight and then embedded in paraffin. After that, paraffin-
embedded tissues were cut into 3 um-thick slices, and then
deparaffinized in xylene and rehydrated. Next, the specimens were
stained with Hematoxylin and eosin (H&E), periodic Acid Schiff
(PAS) and Masson’s trichrome for histopathological research.
Subsequently, images were observed and photographed by a light
microscope. The Image-Pro Plus software was used to quantify
mesangial matrix and interstitial fibrosis areas in kidney tissues
within 3 random fields.

Immunohistochemical and immunofluorescence stain-
ing assays

Slices were deparaffinized, hydrated and then the antigen
retrieved in the EDTA antigen-repair buffer using microwave heat-
ing for 10 min, followed by blocking with 5% BSA for 30 min.
After that, slices were incubated with anti-PI3K (1:250, cat. no.
ab191606; Abcam, Cambridge, UK) antibody, anti-ERK1/2
(1:250, cat. no. 11257-1-AP; Proteintech, Rosemont, IL, USA)
antibody, anti-PPARy (1:500, cat. no. 16643-1-AP; Proteintech)
antibody and anti-AKT (1:250, cat. no. 10176-2-AP; Proteintech)
antibody overnight at 4°C. Next, a secondary anti-rabbit antibody
(1:200, ASPEN) in 5% BSA was used for immunohistochemical
(IHC) staining, and then images were observed under a light
microscope. Additionally, a secondary anti-rabbit antibody was
used for immunofluorescence (IF) staining. Subsequently, cell
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nuclei were stained with DAPI (10 pg/mL) in darkness for 10 min,
and then images were observed under a fluorescence microscope
(Eclipse Ci-L, objective: 40x, Nikon, Tokyo, Japan). The Image-
Pro Plus software was used to conduct the quantitative analysis
within 3 random fields. Sections lacking primary antibody were
used as negative control.

Western blot assay

Total protein was extracted from kidney tissues using the RIPA
lysis buffer, and then the BCA assay kit was used for evaluating
protein concentration. After that, proteins were extracted by 10%
SDS-PAGE and then transferred onto PVDF membranes. Next,
anti-PI3K (cat. no. ab191606; Abcam), anti-AKT (cat. no. 10176-
2-AP; Proteintech), anti-p-AKT (cat. no. AF0016; Affinity
Biosciences, Cincinnati, OH, USA), anti-ERK1/2 (cat. no.
ab184699; Abcam), anti-p-ERK1/2 (Abcam, cat. no. ab201015),
anti-PPARy (cat. no. 16643-1-AP; Proteintech) and anti-B-actin
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:

(cat. no. 66009-1-Ig; Proteintech) antibodies were used to probe
the proteins. Later on, membranes were probed with the corre-
sponding secondary antibody for 2 h. Subsequently, blots were
visualized by an ECL detection system, and then quantified by the
AlphaEaseFC software.

RT-qPCR assay

The TRIzol reagent was used to isolate RNA. After that, the M-
MLV reverse transcriptase kit was used for synthesizing cDNA.
Next, qPCR process was performed using the SYBR
Green/Flourescein qPCR Master Mix kit. Gene expression was
normalized against GAPDH and calculated using 2724 method.

The primers were as follows: AKT: forward, 5’-TTTCAAGC-
CCCAGGTCAC-3’ and reverse, 5’-CCGTTCACTGTCCACA-
CACT-3’; PI3K: forward, 5’-CATCAA TGGCAACACTCTAAG-
3’ and reverse, 5’-AGGACAGGTGGATACGAAAT-3’; ERK1/2:
forward, 5’-GCAAGACCAGAGTGGCTATCA-3’ and reverse,
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Figure 1. QBF treatment improves renal dysfunction in DKD rats. A) The body weight of each rat was recorded at 0, 4, 8 and 12 weeks
of treatment. B) The blood glucose levels were detected at 0, 4, 8 and 12 weeks of treatment. C) The ratio of kidney weight to body
weight of each rat was evaluated at 12 weeks of treatment. D) ACR level was determined at 4, 8 and 12 weeks of treatment. E) Serum
BUN, CRE and UA levels of each rat was detected. F) Serum ALT and AST levels of each rat was detected. *p<0.05 vs control group;
#p<0.05 vs DKD + Veh group; Sp<0.05 vs H-QBF group; °p<0.05 vs Los group.
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5’-TCG GATGCCTATGACATTCTC-3’; PPARy: forward, 5’-

CCTCTCTGTGATGGATGACCACT-3 and reverse, 5’-
GCTCTTGTGAACGGGATGTCTT-3’; B-actin: forward, 5’-
CCTCTATGCCAACACAGT-3" and reverse, 5-AGCCAC-
CAATCC ACACAG-3".

Statistical analysis

Each experiment was repeated independently at least three
times. Data are expressed as the mean + SD. Multiple group com-
parisons were examined by one-way analysis of variance
(ANOVA) and Tukey’s tests. A p-value <0.05 was considered as
significant.
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Results

QBF treatment improves renal dysfunction in DKD rats

To explore the effect of QBF on diabetic kidney injury, a DKD
rat model was established by STZ injection. As shown in Figure
1A, compared to the control group, the body weight of the rats in
the DKD + Veh group reduced gradually over time. However, QBF
or Los treatment obviously reduced the weight loss in DKD rats
compared to the DKD + Veh group (Figure 1A). Additionally, the
blood glucose levels of rats in the DKD + Veh group were sharply
increased after 4 weeks of diabetes induction, compared with the
control group (Figure 1B). Meanwhile, compared with the DKD +
Veh group, QBF or Los treatment did not affect the blood glucose
levels of DKD rats, suggesting that a successful and stable diabetic
animal model was established (Figure 1B). Moreover, a significant
increase in kidney/body weight ratio and ACR was seen in DKD
rats; however, QBF or Los treatment significantly reversed these
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Figure 2. QBF treatment attenuates renal injury and fibrosis in DKD rats. A) Representative images of H&E, PAS, Masson staining in
kidney tissues. B) The pathological changes of glomerular mesangial matrix observed by PAS staining. Quantification of mesangial
matrix area as percentages of the glomerular area. C) Renal fibrosis area was evaluated by Masson staining. Quantification of interstitial
fibrosis area as percentages of the glomerular area. *p<0.05 vs control group; *p<0.05 vs DKD + Veh group.
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changes (Figure 1 C,D). Furthermore, the serum BUN, CRE and
UA levels significantly increased in DKD rats, whereas these
changes were reversed by QBF or Los treatment (Figure 1E).
Meanwhile, compared to the H-QBF or Los treatment group, com-
bination of H-QBF and Los further reduced the serum BUN, CRE
and UA levels in DKD rats (Figure 1E). Nevertheless, no differ-
ences in the serum ALT and AST levels were observed among the
six groups, indicating QBF could not affect the liver function of
rats (Figure 1F). Collectively, QBF treatment was able to improve
renal dysfunction in DKD rats.

QBF treatment attenuates renal injury and fibrosis in
DKD rats

To assess renal histological injury in DKD rats, H&E, PAS,
Masson staining assays were performed. The results of H&E and
PAS staining assays showed that compared with the control group,
obvious glomerular atrophy and glomerular mesangial matrix
expansion were observed in kidney tissues of DKD rats; however,
QBEF or Los treatment obviously prevented these histopathological
changes in kidney tissues of DKD rats (Figure 2 A,B). In addition,
the results of Masson staining assay showed that QBF or Los treat-
ment led to a significant decline in glomerular fibrosis in DKD rats
(Figure 2 A,C). To sum up, QBF treatment could attenuate renal
injury and fibrosis in DKD rats.

QBF treatment suppresses PI3K and Akt protein
expressions in DKD rats

It has been shown that PI3K/AKT and ERK signaling path-
ways are involved in DKD progression.?>2?¢ Therefore, the expres-
sions of PI3K, AKT and ERK1/2 in DKD rats were evaluated by
IF, IHC, Western blot and RT-qPCR assays. As shown in Figure 3
A-D, the protein and mRNA levels of PI3K were obviously elevat-
ed in kidney tissues of DKD rats compared to the control group;
however, QBF or Los treatment significantly reduced PI3K levels
in kidney tissues of DKD rats. Moreover, the total and phosphory-
lated AKT and ERK1/2 protein expressions and AKT and ERK1/2
mRNA levels were notably elevated in kidney tissues of DKD rats;
however, QBF or Los treatment declined AKT and ERK1/2 levels
in kidney tissues of DKD rats (Figures 4 A-D and 5 A-D).
Collectively, QBF treatment could improve renal dysfunction in
DKD rats via regulating PI3K/AKT and ERK signaling.

QBF treatment increases PPARY protein expression in
DKD rats

Evidence has found that upregulation of PPARy could prevent
the progression of DKD.?” Thus, we explored whether QBF treat-
ment could affect PPARy level in DKD rats. As indicated in Figure
6 A-D, the protein and mRNA levels of PPARy were markedly
declined in kidney tissues of DKD rats compared to the control
group. However, compared to the DKD + Veh group, QBF or Los
treatment upregulated PPARYy levels in DKD rats (Figure 6 A-D).
Collectively, QBF treatment could improve renal dysfunction in
DKD rats via upregulating PPARYy.

Discussion

DKD is the leading cause of kidney failure worldwide.?® It is
specifically manifested as hyperglycemia, hypertension, albumin-
uria, decreasing glomerular filtration rate (GFR).>*° Meanwhile,
mesangial lesions, glomerular destruction, tubulointerstitial fibro-
sis and podocyte injury are main manifestations of DKD as
well.3132 In China, TCM has been widely applied for the treatment
of DKD.* Zhang et al. showed that HQ could decrease albumin-
uria and serum CRE levels in patients with DKD, and it can be
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used as adjunctive therapy for CKD treatment.?* Dai et al. reported
that Liuwei Dihuang decoction could improve insulin resistance in
rats with type 2 DM.% Lin et al. showed that astragalus mongholi-
cus Bunge and SQ formula could attenuate renal injury and inflam-
mation in DKD mice via inhibiting NF-xB signaling pathway.?¢
Zhong et al. showed that arctigenin, a component of NBZ, was
able to prevent podocyte injury and attenuate proteinuria in mice
with DM.%7 Paeoniflorin, an active ingredient isolated from BS,
could ameliorate adriamycin-induced podocyte injury through
activating PPARy signaling.’® These Chinese herbs have been
shown to exhibit therapeutic activities in diabetes or kidney-related
diseases.

QBF is composed of six herbs including HQ, DH, SQ, NBZ,
BS and black beans. However, the effect and the underlying mech-
anism of QBF on renal dysfunction in DKD remain largely
unclear. In general, multi-herbal formula exerts a curative role in
various diseases through herbal compatibility principle.3*4 Herbal
formulas are composed of two or more herbs to exert the effect-
enhancing and toxicity-reducing activity.*' Zhai et al. found that
HQ and SQ formula could synergistically attenuate diabetic
podocyte injury in diabetic rats via upregulation of nephrin.*? In
this study, we found that QBF treatment could decline the serum
BUN, CRE and UA levels and reduce urine ACR in DKD rats.
Meanwhile, QBF treatment obviously prevented glomerular injury
in kidney tissues of DKD rats via alleviating renal mesangial
expansion and glomerular fibrosis. These results showed that QBF
could improve renal dysfunction in DKD rats.

Recently, integrative Chinese and Western medicine is consid-
ered an effective approach for DKD treatment.'”* In addition,
Chinese medicines has the properties of effect-enhancing and tox-
icity-reducing.* Thus, we then investigated the protective effect of
combination of QBF with Los on renal dysfunction in DKD rats.
Compared with the QBF or Los alone treatment group, combina-
tion treatment further reduced kidney-to-body weight in DKD rats,
attenuating renal hypertrophy. Moreover, combination treatment
further improved renal dysfunction and inhibited renal fibrosis in
DKD rats, compared with the QBF or Los alone treatment group.
These results showed that combined treatment of QBF and Los
could exert enhanced therapeutic effect compared with single treat-
ment.

PI3K/AKT signaling pathway was shown to regulate a variety
of cellular processes such as cell growth, survival, and
metabolism.*#¢ Additionally, overactivation of PI3K/AKT and
ERK signaling pathways are related to the progression of DKD.4748
Bozic et al. found that activation of PI3K/AKT pathway could
exacerbate tubulointerstitial fibrosis in kidney tissues of mice with
renal fibrosis.* Huang et al. found that Qufengtongluo decoction
could reduce 24 h urinal protein level and prevent renal fibrosis in
DKD rats via inhibiting PI3K/AKT signaling.*® Furthermore, Xu et
al. found that Liuwei Dihuang pill could prevent renal fibrosis and
inflammation in DKD rats via suppressing ERK signaling.’! These
findings showed that multi-herbal formula could exert the reno-
protective role in kidney diseases via modulating PI3K/AKT and
ERK signaling pathways. In this study, we found that QBF or Los
treatment significantly reduced the AKT and ERKI1/2 protein
expressions in kidney tissues of DKD rats. As expected, combina-
tion treatment further decreased PI3K, AKT and ERK1/2 protein
expressions in DKD rats. These results showed that combined
treatment of QBF and Los could inhibit the progression of DKD
via inactivating PI3K/AKT and ERK signaling pathways.

PPARy, a member of the nuclear receptor superfamily, is
believed to be involved in the progression of DKD as well.?>
Activation of PPARY could attenuate renal inflammation and renal
interstitial fibrosis.*»> Wang et al. showed that pioglitazone, a
PPAR-y agonists, was able to attenuate renal fibrosis and dysfunc-
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Figure 3. QBF treatment suppresses PI3K protein expression in DKD rats. A) IF and ITHC analysis of PI3K expression in kidney tissues
of DKD rats. B,C) Western blot and RT-qPCR (D) analysis of PI3K expression in kidney tissues of DKD rats. *p<0.05 vs control group;
#p<0.05 vs DKD + Veh group; °p<0.05 vs Los group.
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Figure 4. QBF treatment suppresses AKT protein expression in DKD rats. (A) IF and THC analysis of AKT expression in kidney tissues
of DKD rats. (B, C) Western blot and (D) RT-qPCR analysis of p-AKT and AKT expressions sin kidney tissues of DKD rats. *p<0.05
vs control group; *p<0.05 »s DKD + Veh group; 5p<0.05 vs H-QBF group; °p<0.05 vs Los group.
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Figure 5. QBF treatment suppresses ERK1/2 protein expression in DKD rats.(A) IF and IHC analysis of ERK1/2 expression in kidney
tissues of DKD rats. B,C) Western blot and RT-qPCR (D) analysis of p-ERK1/2 and ERK1/2 expressions in kidney tissues of DKD
rats. *p<0.05 vs control group; p<0.05 vs DKD + Veh group; $p<0.05 vs H-QBF group; °p<0.05 vs Los group.
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Figure 6. QBF treatment increases PPARY protein expression in DKD rats. A) IF and IHC analysis of PPARY expression in kidney tis-
sues of DKD rats. B,C) Western blot and RT-qPCR (D) analysis of PPARY expression in kidney tissues of DKD rats. *p<0.05 s control
group; “p<0.05 »s DKD + Veh group; 5p<0.05 »s H-QBF group; °p<0.05 vs Los group.
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tion in rats with diabetic fatty via downregulating Twist-1.5¢ In this
study, we found that QBF, Los or combination treatment notably
increased the PPARy protein expression in kidney tissues of DKD
rats, suggesting that QBF and Los could prevent the progression of
DKD via upregulating PPARYy.

Taken together, this study is the first to explore the effect of
QBF and Los on HF with renal dysfunction. Our results showed
that combination of QBF and Los could ameliorate renal injury
and fibrosis in DKD rats via regulating PI3K/AKT, ERK and
PPARy signaling pathways. These findings highlight the therapeu-
tic potential of QBF to prevent DKD progression. Additionally,
combination of QBF with Los have a greater protective effect on
kidney injury in DKD rats than QBF or Los alone. Thus, QBF may
have the potential to improve the efficacy of Los for treating DKD.
However, the therapeutic effects of combination of QBF and Los
on DKD should be explored in clinical studies in the future.

Acknowledgements

The QBF is draw up by Prof. Chen and Prof. Jian according to
the TCM syndrome differentiation. We sincerely thank the support
provided by Prof. Chen and Prof. Jian.

References

1. Sirhan W, Piran R. Current approaches in diabetes treatment
and other strategies to reach normoglycemia. Curr Top Med
Chem 2020;20:2922-44.

2. Chow J, Rahman J, Achermann JC, Dattani MT, Rahman S.
Mitochondrial disease and endocrine dysfunction. Nat Rev
Endocrinol 2017;13:92-104.

3. Lalla E, Papapanou PN. Diabetes mellitus and periodontitis: a
tale of two common interrelated diseases. Nat Rev Endocrinol
2011;7:738-48.

4. Demir S, Nawroth PP, Herzig S, Ekim Ustiinel B. Emerging tar-
gets in type 2 diabetes and diabetic complications. Adv Sci
(Weinh) 2021;8:¢2100275.

5. Memon B AE. Stem cell therapy for diabetes: Beta cells versus
pancreatic progenitors. Cells 2020;9:283.

6. Huang DD, Shi G, Jiang Y, Yao C, Zhu C. A review on the
potential of Resveratrol in prevention and therapy of diabetes
and diabetic complications. Biomed Pharmacother
2020;125:109767.

7. Lin YC, Chang YH, Yang SY, Wu KD, Chu TS. Update of
pathophysiology and management of diabetic kidney disease. J
Formos Med Assoc 2018;117:662-75.

8. McKnight AJ, McKay GJ, Maxwell AP. Genetic and epigenetic
risk factors for diabetic kidney disease. Adv Chronic Kidney
Dis 2014;21:287-96.

9. Umanath K, Lewis JB. Update on diabetic nephropathy: Core
curriculum 2018. Am J Kidney Dis 2018;71:884-95.

10. Mauer M, Doria A. Uric acid and risk of diabetic kidney dis-
ease. J Nephrol 2020;33:995-9.

11. Fioretto P, Zambon A, Rossato M, Busetto L, Vettor R. SGLT2
Inhibitors and the diabetic kidney. Diabetes Care
2016;39:5165-71.

12. Sarafidis PA, Ruilope LM. Aggressive blood pressure reduction
and renin-angiotensin system blockade in chronic kidney dis-
ease: time for re-evaluation? Kidney Int 2014;85:536-46.

13. Kovarik JJ, Kaltenecker CC, Domenig O, Antlanger M,
Poglitsch M, Kopecky C, et al. Effect of mineralocorticoid
receptor antagonism and ACE Inhibition on angiotensin pro-

[European Journal of Histochemistry 2023; 67:3648]

14.
15.
16.

17.

18.
19.

20.

21.

22.

23.

24.

25.

26.
27.
28.
29.
30.

31.

vpress

files in diabetic kidney disease: An exploratory study. Diabetes
Ther 2021;12:2485-98.

Ferrari R. RAAS inhibition and mortality in hypertension. Glob
Cardiol Sci Pract 2013;2013:269-78.

Perico N, Ruggenenti P, Remuzzi G. Losartan in diabetic
nephropathy. Expert Rev Cardiovasc Ther 2004;2:473-83.
WuR,Wei F, QulL,BaiL, LiJ, Li F, et al. Effects of Keluoxin
capsule combined with losartan potassium on diabetic kidney
disease: study protocol for a randomized double-blind placebo-
controlled multicenter clinical trial. Trials 2020;21:951.

Cheng SY, Chou YH, Liao FL, Lin CC, Chang FC, Liu CH, et
al. Losartan reduces ensuing chronic kidney disease and mortal-
ity after acute kidney injury. Sci Rep 2016;6:34265.

Li P, ChenY, Liu J, Hong J, Deng Y, Yang F, et al. Efficacy and
safety of tangshen formula on patients with type 2 diabetic kid-
ney disease: a multicenter double-blinded randomized placebo-
controlled trial. PLoS One 2015;10:¢0126027.

Tu X, Ye X, Xie C, Chen J, Wang F, Zhong S. Combination
therapy with Chinese medicine and ACEI/ARB for the manage-
ment of diabetic nephropathy: The promise in research frag-
ments. Curr Vasc Pharmacol 2015;13:526-39.

Zhang HW, Lin ZX, Xu C, Leung C, Chan LS. Astragalus (a
traditional Chinese medicine) for treating chronic kidney dis-
case. Cochrane Database Syst Rev 2014;(10):CD008369.
Wang L, Zhu JH, Jiang XD, Ma ZX, Tao JH. Preventive effects
of the Rehmannia glutinosa Libosch and Cornus officinalis Sieb
herb couple on chronic kidney disease rats via modulating the
intestinal microbiota and enhancing the intestinal barrier. Front
Pharmacol 2022;13:942032.

Xiaojia W, Jianchun L, Bingwen Z, Xingcan H, Yanmei D, Li
W. Exploring the mechanism of Astragalus propinquus
Schischkin and Panax Notoginseng (A&P) compounds in the
treatment of renal fibrosis and chronic kidney disease based on
integrated network analysis. Evid Based Complement Alternat
Med 2022;2022:2646022.

Su J, Zhang P, Zhang JJ, Qi XM, Wu YG, Shen JJ. Effects of
total glucosides of pacony on oxidative stress in the kidney
from diabetic rats. Phytomedicine 2010;17:254-60.

Han F, Xia XX, Dou M, Wang YX, Xue WJ, Ding XM, et al.
Arctigenin: A two-edged sword in ischemia/reperfusion
induced acute kidney injury. Biomed Pharmacother
2018;103:1127-36.

Jin D, Liu F, Yu M, Zhao Y, Yan G, Xue J, et al. Jiedu Tongluo
Baoshen formula enhances podocyte autophagy and reduces
proteinuria in diabetic kidney disease by inhibiting
PI3K/Akt/mTOR signaling pathway. J Ethnopharmacol
2022;293:115246.

Shen S, Huang J, Xu C, Shen Y, Jiang S, Li Y, et al. ERK mod-
ulates macrophage polarization and alters exosome miRNA
expression in diabetic nephropathy. Clin Lab 2021;67:210314.
Yang J, Zhou Y, Guan Y. PPARY as a therapeutic target in dia-
betic nephropathy and other renal diseases. Curr Opin Nephrol
Hypertens 2012;21:97-105.

Reidy K, Kang HM, Hostetter T, Susztak K. Molecular mecha-
nisms of diabetic kidney disease. J Clin Invest 2014;124:2333-
40.

Oshima M, Shimizu M, Yamanouchi M, Toyama T, Hara A,
Furuichi K, et al. Trajectories of kidney function in diabetes: a
clinicopathological update. Nat Rev Nephrol 2021;17:740-50.
Giralt-Lopez A M-VdBM, Vergara A, Garcia-Carro C, Seron D,
Jacobs-Cacha C, Soler MJ. Revisiting experimental models of
diabetic nephropathy. Int J Mol Sci 2020;21:3587.

Fang Y, Chen B, Gong AY, Malhotra DK, Gupta R, Dworkin
LD, et al. The ketone body B-hydroxybutyrate mitigates the
senescence response of glomerular podocytes to diabetic

OPEN a ACCESS



e press

32.
33.

34.
35.
36.
37.
38.
39.

40.

41.

42.

43.

44,

insults. Kidney Int 2021;100:1037-53.

Tung CW, Hsu YC, Shih YH, Chang PJ, Lin CL. Glomerular
mesangial cell and podocyte injuries in diabetic nephropathy.
Nephrology (Carlton) 2018;23:S32-7.

Piao Y, Yin D. Mechanism underlying treatment of diabetic kid-
ney disease using traditional Chinese medicine based on theory
of Yin and Yang balance. J Tradit Chin Med 2018;38: 797-802.
Zhang L, Shergis JL, Yang L, Zhang AL, Guo X, Zhang L, et
al. Astragalus membranaceus (Huang Qi) as adjunctive therapy
for diabetic kidney disease: An updated systematic review and
meta-analysis. J Ethnopharmacol 2019;239:111921.

Dai B, Wu Q, Zeng C, Zhang J, Cao L, Xiao Z, et al. The effect
of Liuwei Dihuang decoction on PI3K/Akt signaling pathway
in liver of type 2 diabetes mellitus (T2DM) rats with insulin
resistance. J Ethnopharmacol 2016;192:382-9.

Lin X, Lei XQ, Yang JK, Jia J, Zhong X, Tan RZ, et al.
Astragalus mongholicus Bunge and Panax notoginseng formula
(A&P) improves renal mesangial cell damage in diabetic
nephropathy by inhibiting the inflammatory response of infil-
trated macrophages. BMC Complement Med Ther 2022;22:17.
Zhong Y, Lee K, Deng Y, Ma Y, Chen Y, Li X, et al. Arctigenin
attenuates diabetic kidney disease through the activation of
PP2A in podocytes. Nat Commun 2019;10:4523.

Lu R, Zhou J, Liu B, Liang N, He Y, Bai L, et al. Paconiflorin
ameliorates Adriamycin-induced nephrotic syndrome through
the PPARY/ANGPTL4 pathway in vivo and vitro. Biomed
Pharmacother 2017;96:137-47.

Yang WT, Wang Y, Shi YH, Fu H, Xu Z, Xu QQ, et al. Herbal
compatibility of ginseng and rhubarb exerts synergistic neuro-
protection in cerebral ischemia/reperfusion injury of rats. Front
Physiol 2019;10:1174.

QinY, Li M, Tian Y, Zhao P, Li K, Li C, et al. [Compatibility
characteristics of Bufei Yishen formula III in regulating chronic
obstructive pulmonary disease mucus hypersecretion].[Article
in Chinese]. Zhonghua Wei Zhong Bing Ji Jiu Yi Xue
2021;33:1309-14.

Cheng CW, Wu TX, Shang HC, Li YP, Altman DG, Moher D,
et al. CONSORT Extension for Chinese herbal medicine formu-
las 2017: Recommendations, explanation, and elaboration (sim-
plified Chinese version). Ann Intern Med 2017;167:112-21.
Zhai R, Jian G, Chen T, Xie L, Xue R, Gao C, et al. Astragalus
membranaceus and Panax notoginseng, the novel renoprotec-
tive compound, synergistically protect against podocyte injury
in streptozotocin-induced diabetic rats. J Diabetes Res
2019;2019:1602892.

Chan KW, Chow TY, Yu KY, Feng Y, Lao L, Bian Z, et al.
Effectiveness of integrative Chinese-Western medicine for
chronic kidney disease and diabetes: A retrospective cohort
study. Am J Chin Med 2022;50:371-88.

Hu HL, Fu CM, Zhao X, Zhang JM, Gao F, He Y, et al.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

[Comprehensive analysis on "toxicity and effect" of Chinese
pharmaceutical preparations].[Article in Chinese]. Zhongguo
Zhong Yao Za Zhi 2016;41:3483-9.

Hoxhaj G, Manning BD. The PI3K-AKT network at the inter-
face of oncogenic signalling and cancer metabolism. Nat Rev
Cancer 2020;20:74-88.

Su X, Shen Z, Yang Q, Sui F, Pu J, Ma J, et al. Vitamin C kills
thyroid cancer cells through ROS-dependent inhibition of
MAPK/ERK and PI3K/AKT pathways via distinct mecha-
nisms. Theranostics 2019;9:4461-73.

Lei L, Zhao J, Liu XQ, Chen J, Qi XM, Xia LL, et al. Wogonin
alleviates kidney tubular epithelial injury in diabetic nephropa-
thy by inhibiting PI3K/Akt/NF-kB signaling pathways. Drug
Des Devel Ther 2021;15:3131-50.

Ravindran S PM, Agouni A, Munusamy S. Microparticles as
potential mediators of high glucose-induced renal cell injury.
Biomolecules 2019;9:348.

Bozic M, Caus M, Rodrigues-Diez RR, Pedraza N, Ruiz-Ortega
M, Gari E, et al. Protective role of renal proximal tubular alpha-
synuclein in the pathogenesis of kidney fibrosis. Nat Commun
2020;11:1943.

Huang WJ, Fu Q, Xiao YH, Gong Q, Wu W/, Shen ZL, et al.
Effect of qufengtongluo decoction on PI3K/Akt signaling path-
way in the kidney of type 2 diabetes mellitus rat (GK Rat) with
diabetic nephropathy. Evid Based Complement Alternat Med
2018;2018:8421979.

Xu ZJ, Shu S, Li ZJ, Liu YM, Zhang RY, Zhang Y. Liuwei
Dihuang pill treats diabetic nephropathy in rats by inhibiting of
TGF-B/SMADS, MAPK, and NF-kB and upregulating expres-
sion of cytoglobin in renal tissues. Medicine (Baltimore)
2017;96:e5879.

Hernandez-Quiles M, Brockema MF, Kalkhoven E.
PPARgamma in metabolism, immunity, and cancer: Unified
and diverse mechanisms of action. Front Endocrinol
(Lausanne) 2021;12:624112.

Patial V, Katoch S, Chhimwal J, Singh PP, Suresh PS, Padwad
Y. Tinospora cordifolia activates PPARy pathway and mitigates
glomerular and tubular cell injury in diabetic kidney disease.
Phytomedicine 2021;91:153663.

Kokény G, Calvier L, Hansmann G. PPARy and TGFB-Major
Regulators of metabolism, inflammation, and fibrosis in the
lungs and kidneys. Int J Mol Sci 2021;22:10431.

Kawai T, Masaki T, Doi S, Arakawa T, Yokoyama Y, Doi T, et
al. PPAR-gamma agonist attenuates renal interstitial fibrosis
and inflammation through reduction of TGF-beta. Lab Invest
2009;89:47-58.

Wang Z, Liu Q, Dai W, Hua B, Li H, Li W. Pioglitazone down-
regulates Twist-1 expression in the kidney and protects renal
function of Zucker diabetic fatty rats. Biomed Pharmacother
2019;118:109346.

Received for publication: 12 January 2023. Accepted for publication: 22 February 2023.

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License (CC BY-NC 4.0).
©Copyright: the Author(s), 2023

Licensee PAGEPress, Italy

European Journal of Histochemistry 2023; 67:3648
doi:10.4081/ejh.2023.3648

Publisher's note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those
of the publisher; the editors and the reviewers. Any product that may be evaluated in this article or claim that may be made by its manufacturer is not guaranteed
or endorsed by the publisher.

OPEN aHCCESS

[European Journal of Histochemistry 2023; 67:3648]





