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ABSTRACT

The current study explored phytochemical constituents of fraction A (Fr. A) of n-BuOH extract of Toona sinensis seeds and
evaluated protective effects of the corresponding fraction on diabetic nephropathy (DN). Kaempferol, quercetin, myricitrin,
and rutin were isolated from Fr. A using silica gel column and preparative middle pressure liquid chromatography, the
chemical structures of which were elucidated based on nuclear magnetic resonance and comparison with those reported
in the literature. Myricitrin was first obtained from the genus 7oona. Furthermore, Fr. A was further investigated to define
pharmacological activity with ameliorating DN. Fr. A showed stronger inhibitory activity against high-glucose-stimulated
rat glomerular mesangial cells proliferation in vitro. Fr. A could ameliorate significantly streptozotocin-induced DN rats by
suppressing renal dysfunction and injury, oxidative stress, and transforming growth factor beta 1, connective tissue growth
factor, and collagen IV expression levels in vivo, especially in the DN + M group, indicating that Fr. A might serve as a
potential pharmacological agent treating DN.
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INTRODUCTION

iabetic nephropathy (DN) is one of the most
D devastating microvascular complications of diabetes

mellitus (DM), which is the primary cause of end-
stage renal disease.l! Existing evidence confirms that
hyperglycemia is the primary pathogenetic factor for DN,
which leads to increase oxidative stress (OS) and extracellular
matrix (ECM) accumulation, thereby promoting the progress
of DN.B! Therefore, identifying effective agents that inhibit
OS and ECM accumulation may be of great importance for
treating DN. A number of natural products for ameliorating
DN, including flavonoids,?! phenols,™ and triterpenoids,

have been isolated from Chinese medicinal herbs. In our
continuous efforts to identify potential compounds from
Chinese medicinal herbs that treat DN, we found that the
n-BuOH extract of Toona sinensis (A. Juss.) Roem. seeds had
excellent protective effects on DN rats.®!

T. sinensis, belonging to the Meliaceae family, is widely
distributed in East and Southeast Asia.[”l It has a long history
of more than 2000 years and is used to treat gastric ulcers,
enteritis, dysentery, cerebrovascular, and cardiovascular
in China.®) Modern pharmacological studies
have revealed that the constituents of 7. sinensis seeds
include terpenoids, flavonoids, phenylpropanoids, and

diseases
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anthraquinones, all of which can be applied for antitumor,
antioxidation, and anticoagulation effects, decrease blood
glucose, neuroinflammation, and other diseases.”" T’ sinensis
seeds n-BuOH extract alleviates endothelial inflammation of
DN and improves OS damage induced by high glucose (HG)
in rat glomerular mesangial cells (GMCs).l'3] Thus, it is
believed that the active fractions isolated from the n-BuOH
extract of 7" sinensis seeds can potentially treat DN.

To date, the chemical constituents with ameliorating DN
effects are still unknown from fraction A (Fr. A) of n-BuOH
extract of 7. sinensis seeds. As a result, the phytochemical
analysis of Fr. A was also carried out and this study evaluated
the ability of Fr. A to ameliorate streptozotocin (STZ)-
induced DN rats by suppressing renal dysfunction and
injury, OS, and transforming growth factor beta 1 (TGF-p1),
connective tissue growth factor (CTGF), and collagen 1V
(Col IV) expression levels in vivo.

MATERIALS AND METHODS

General experimental procedures

The nuclear magnetic resonance (NMR) spectra were recorded
using Bruker AV 500 MHz spectrometer (Bruker, Féllanden,
Switzerland). Column chromatography was performed using
silica gel (200-300 mesh, Branch of Qingdao Haiyang
Chemical Co., Ltd., Qingdao, P.R. China). LiChroprep
RP-18 gel (40-60 wm) was purchased from Merck KGaA
(Darmstadt, Germany). Thin-layer chromatography (TLC)
was performed with pre-coated silica gel GF 254 glass plates
(200 x 200 mm, Branch of Qingdao Haiyang Chemical Co.,
Ltd.). All other chemicals and solvents were analytical grade
and used without further purification.

Plant material

T sinensis seeds were collected by the Jinan Shengke Technology
Company (Jinan, China) and identified by Prof. Chongmei Xu.
A voucher specimen (voucher number: WF-YXY-TS1507) has
been deposited at the Pharmacognosy Laboratory of the School
of Pharmacy, Weifang Medical University.

Preparation of plant extract

T sinensis seeds were extracted with EtOH, filtered, and
concentrated to dryness under reduced pressure. The dried
crude extracts were suspended in distilled water. The
suspension was partitioned with petroleum ether, EtOAc, and
n-BuOH, sequentially. The n-BuOH extract was separated
by silica gel column chromatography with gradient elution
consisting of EtOAc and MeOH. The eluate was combined
according to TLC to produce four fractions, named Fr. A-D,
respectively.

Screening of active fractions
GMCs (Boster Biological Technology Co. Ltd., Wuhan,
China) in DMEM with 10% fetal bovine serum cultured for

24 h to allow cells to attach and incubated with 5.6 mmo/L
glucose or 25 mmol/L glucose with Fr. A-D for 48 h. Cell
viability was determined using [3-(4, 5-dimethylthiazol-
2-yl)-2, 5-diphenyltetrazolium] method.l'"! The absorbance
was read at 490 nm by microplate reader. The half-maximal
inhibitory concentration (IC,)) values are reported as best fit
value after normalization of data.

Investigation of lipoidal compounds

The chemical composition of the Fr. A was characterized
and identified by gas chromatography—mass spectrometry
(GC-MS). ADB-5 quartz capillary column (30 m X
0.25 mm, 0.25 wm) was used for analysis. Fr. A was injected
at an injector temperature of 280°C. The temperature was
gradually increased from 60 to 100°C at a rate of 3.5°C/
min with 5 min holding time, and then to 200°C at a rate of
8°C/min for 5 min, and then to 280°C at a rate of 15°C/min
with 15 min isothermal. Helium was used as the carrier gas at
a flow rate of 1.2 mL/min. Mass spectra were taken at 70 eV.
The ion source was EI at 280°C. Moreover, the transmission
line temperature was 280°C. The mass range was set from 50
to 650 amu. The solvent delay was 6 min and total time was
69 min. The compounds were identified by comparison of
their mass spectra from the NIST library.

Isolation and characterization of compounds 1-4
Fr. A was separated chromatographically using silica gel
and eluted with a gradient of CH,CI, and MeOH to give
five subfractions (Fr. A1-AS5). Fr. A2 was separated by
octadecylsilyl (ODS) and eluted with MeOH and H,O to give
three subfractions (Fr. A21-A23). Fr. A22 was separated by
ODS and eluted with MeOH and H,O to give compounds
1 and 2. Fr. A3 was separated ODS and eluted with MeOH
and H,O to give six subfractions (Fr. A31-A36). Fr. A34 was
separated chromatographically using silica gel and eluted
with CH,Cl, and MeOH to give compounds 3 and 4.

Animals

Male Wistar rats weighing 180-200 g were provided by the
Center for Animal Testing of Shandong Lukang Drugs Group
Limited and allowed to adapt to their new location for 1 week.
The experimental protocols followed the institutional ethical
guidelines for the care of laboratory animals of Weifang
Medical University. All efforts were made to minimize
animal suffering and to reduce the number of animals used.
The animals received humane care throughout the study
period.

Induction of experimental diabetes

Experimental diabetes was induced in overnight fasted rats
by a single intraperitoneal (i.p.) injection of 60 mg/kg body
weight (BW) with STZ (STZ; Sigma, St. Louis, MO, USA)
dissolved in 0.1 M citrate buffer (pH 4.5). Three days after
the STZ injection, tail vein blood glucose concentration was
measured to confirm the induction of DM, and their blood
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glucose levels were within 16.7-25.0 mM. The rats were fed
until their urine protein content was over 20 ug/mL.['!

Experimental design

Experimental animals were divided into five groups, each
group consists of six rats, as below: Group 1: Normal control
(NC) group rats administered with normal saline. Group 2:
DN group rats administered with normal saline. Group 3: DN
+ L rats treated with Fr. A at 25 mg/kg BW. Group 4: DN +
M treated with Fr. A at 50 mg/kg BW. Group 5: DN + H rats
treated with Fr. A at 100 mg/kg BW. The Fr. A treatment was
carried out by intragastric infusion for 8 weeks.

Sample collection and preparation

After the end of the experiment, the rats were collected 24 h
urine output (UO). Then, the rats were subjected to fasting for
12 h and weighed. Tail vein blood was obtained for detecting
fasting blood glucose. The rats were anaesthetized and the
blood samples were collected by intracardiac puncture.
The kidneys were dissected, weighed, and rinsed with cold
saline, and the left renal cortex was kept with glutaraldehyde
for ultramicroscopic observation. The remaining portion
of the left kidney was used for morphology observation
and immunohistochemical detection. The right kidney was
homogenized and centrifuged, and the supernatant obtained
for further study.

Biochemical analysis

The levels of UO, urinary protein excretion (UPE), urine
creatinine (UCr), serum creatinine (SCr), blood urea
nitrogen (BUN), malondialdehyde (MDA), superoxide
dismutase (SOD), nitric oxide (NO), catalase (CAT),
and glutathione peroxidase (GSH-px) in renal cortex
were detected using commercially assay kits (Jiancheng
Bioengineering Institute, Nanjing, China) following the
manufacturer’s instructions.

Histopathological assessment

The kidney tissues were embedded in paraffin and slices
were taken. The sections were stained with hematoxylin-
eosin (HE), Masson’s trichrome (Masson), periodic acid
Schiff (PAS), and periodic acid-silver methenamine (PASM).
The sections were examined under light microscopy at 400 x
for pathological observations. The photos were analyzed with
Image-Pro Plus 6.3 analyzing software (Media Cybernetics,
Bethesda, USA). The sample slices were randomly selected
to calculate the integral optical density.l' Moreover, the
prepared samples for ultrastructural observation under
transmission electron microscope (TEM, H600A-2, Hitachi,
Japan). The images were amplified 5000x and measured by
an image analysis system.

Immunohistochemistry analysis
Samples were dewaxed into water and rinsed with phosphate-
buffered saline. After H,O, was added, they were incubated at

37°C for 30 min. Primary antibodies anti-TGF-B1 (ab92486,
1:100), anti-Col IV (ab6586, 1:100), and anti-CTGF (ab6992,
1:1000) and B-actin (ab8227) were obtained from Abcam
Biotechnology Co., Ltd. (Shanghai, China). The samples
were incubated with antibodies at 37°C in normal goat serum
at 4°C overnight. Then, the secondary antibodies were added
and incubated the slides at 37°C for 45 min. Immunostained
tetrahydrate was observed using diaminobenzidine, and
the slides were counterstained with hematoxylin. The
immunoreactivity was analyzed by measuring the percentage
of positive staining at 400x using computer-aided image
analysis software.

Real-time polymerase chain reaction (RT-PCR)
Total RNA from the renal cortex homogenate was isolated
using Trizol reagent and quantified by measuring the
absorbance at 260 nm. RNA quality was determined
by measuring the 260/280 ratio.l'”? Aliquots of 40 ng
of total RNA samples were subjected to RT-PCR. Each
reaction mix contained the following: 100 ng RNA,
100 ng primer, 12.5 uL 2 x PCR buffer, 2.0 uL RT mix,
and DEPC-H,O to 25 uL. The following conditions were
used: For reverse transcription, 15 min at 37°C; for the
PCR initial activation step, 30 min at 95°C; and for
amplification, 5 s at 95°C, 30 s at 60°C, and 30 s at 72°C,
for 40 cycles. Changes in mRNA expression level were
calculated following normalization with f-actin. Primer
oligonucleotide sequences for TGF-B1, CTGF, and Col
IV are shown in Table 1.

Western blot

Total protein quantification was performed in kidney
tissue using the Bradford assay method.*! The renal cortex
was lysed with RIPA lysate and the protein content was
measured using a BCA protein assay kit. Then, 100 pg of
the electrophoresis samples was applied to SDS-PAGE,
transferred to PVDF membranes, incubated with 5% skim
milk powder dissolved in Tris-buffered saline with Tween
20 for 1 h, and incubated with antibodies against TGF-f1,
CTGF, Col 1V, and P-actin (all 1:1000) overnight at 4°C.
Bound antibody was incubated with horseradish peroxidase
conjugated anti-rabbit IgG (1:5000) for 2 h. The signals were
detected with a chemiluminescence system. Immunoreactive
bands were quantitatively analyzed by AlphaView software
(FluorChem Q, USA).

Statistical analysis

Statistical differences between two groups were analyzed by
the r-test and differences between multiple groups of data
were analyzed by one-way ANOVA with prism software
(GraphPad, San Diego, CA) and expressed as the mean + SD
of three independent experiments.”P < 0.01 compared with
NC and # P < 0.05 and # P < 0.01 compared with DN which
were considered statistically significant.
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Table 1: Primer sequences used for real-time PCR reactions

Primer set Sense primer 5rime Antisense primer 5rime

TGF-p1 TGGACCGCAACAACGCAATC AAGACAGCCACTCAGGCGTATCAG
CTGF AGCCTGTCAAGTTTGAGCTTTCTGG CAGTTGTAATGGCAGGCACAGGTC
Col IV GATTGTGGTGGCTCTGGCTGTG CAGGAAGTCCAGGTTCTCCAGCAT
B-actin TGTTGTCCCTGTATGCCTCTGGTC GTCACGCACGATTTCCCTCTCA

RESULTS AND DISCUSSION

Active fractions screening by HG-induced GMCs
proliferation in vitro

To seek out the effective fractions with ameliorating DN
activity, Fr. A-D inhibited the proliferation of GMCs
stimulated by HG within non-toxic concentrations. As shown
in Figure 1, all fractions of the n-BuOH extract of 7. sinensis
seeds were active toward GMCs proliferation. Among of
them, Fr. A showed better activity than Fr. B-D comparing
with IC,, thus, Fr. A was selected for subsequent experiments.
Investigation of lipoidal compounds from Fr. A
Twelve lipoidal compounds were identified from Fr. A
using GC-MS analysis according to the presence of 12
peaks [Figure 2]. The major compounds were identified
as  hexamethylcyclotrisiloxane,  n-methylformanilide,
tetradecane, tributyl phosphate, conhydrine, 4-amino-6-
ethoxy-1, 3, S5-triazine-2-carbohydrazide, hexadecanoic
acid, palmitic acid n-butyl ester, methyl linoleate, n-[24-
oxo-30, 7o, 120-tris(trimethylsiloxy)-5p3-cholan-24-yl]
glycine methyl ester, cholesteryl chloroformate, and phorbol
12, 13-didecanoate. The retention time, molecular formula,
and molecular weight of these compounds are shown in
Table 2.

Identification of compounds 1-4 from Fr. A

Ameliorating DN activity depends on the chemical
constituents of Fr. A, which are further investigated to
describe characterization of major component. Four known
compounds were isolated from the Fr. A of n-BuOH extract
of T. sinensis seeds using silica gel column and preparative
middle pressure liquid chromatography. The chemical
structures were identified as kaempferol (1),l'! quercetin
(2),"Y myricitrin (3),?% and rutin (4) [Figure 31,2 which were
elucidated based on 1D NMR and comparison with those
reported in the literature. It should be noted that compound 3
was obtained from the genus 7oona for the 1* time.

Kaempferol (1): 'H-NMR (500 MHz, methanol-d,) 6, 8.08
(2H, d, J=8.9 Hz, H-2', 6'), 6.90 (2H, d, J = 8.9 Hz, H-3", 5"),
6.39 (1H, d, J= 2.1 Hz, H-6), 6.18 (1H, d, J = 2.1 Hz, H-8);
BC-NMR (125 MHz, methanol-d,) 8. 177.4 (C-4), 165.6
(C-7), 162.5 (C-4), 160.6 (C-5), 158.3 (C-9), 148.0 (C-2),
137.1 (C-3), 130.7 (C-3', 5), 123.7 (C-1"), 116.3 (C-2', 6'),
104.5 (C-10), 99.3 (C-6), 94.5 (C-8).
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Figure 1: Effects of different fractions inhibited HG-induced
glomerular mesangial cells proliferation in vitro

Quercetin (2): '"H-NMR (500 MHz, methanol-d,) 5, 7.73 (1H,
d,J=2.1 Hz, H-2"), 7.63 (1H, dd, /= 8.5, 2.1 Hz, H-6"), 6.88
(1H, d, J=8.5 Hz, H-5"), 6.38 (1H, d, /= 2.1 Hz, H-6), 6.18
(1H, d, J = 2.1 Hz, H-8); "C-NMR (125 MHz, methanol-d,)
8. 177.3 (C-4), 165.6 (C-7), 162.5 (C-9), 158.2 (C-2), 148.8
(C-5), 148.0 (C-4"), 146.2 (C-3"), 137.2 (C-3), 124.1 (C-1"),
121.7 (C-6"), 116.2 (C-5"), 116.0 (C-2"), 104.5 (C-10), 99.2
(C-6), 94.4 (C-8).

Myricitrin (3): 'H-NMR (500 MHz, methanol-d,) §, 6.95
(2H, s, H-2', 6'), 6.36 (1H, d, J = 2.1 Hz, H-6), 6.20 (1H,
d, J= 2.1 Hz, H-8), 5.32 (1H, d, J = 1.7 Hz, H-1"), 4.22
(1H, dd, J = 3.4, 1.7 Hz, H-5"), 3.78 (1H, dd, J = 9.5, 3.4
Hz, H-2"), 3.52 (1H, dd, J = 9.5, 6.1 Hz, H-3"), 3.35 (1H,
m, H-4"), 0.96 (3H, d, J = 6.2 Hz, 6"-CH,); BC-NMR (125
MHz, methanol-d,) §_ 179.7 (C-4), 165.9 (C-7), 163.3 (C-3),
159.5 (C-9), 158.5 (C-2), 146.9 (C-3', 5"), 137.9 (C-4'), 136.3
(C-3), 121.9 (C-1"), 109.6 (C-2', 6'), 103.7 (C-1"), 99.8 (C-6),
94.7 (C-8), 73.4 (C-4"), 72.1 (C-2"", C-3"), 71.9 (C-5"), 17.7
(C-6").

Rutin (4): "H-NMR (500 MHz, methanol-d,) 8, 7.67 (1H, d,
J=2.1 Hz, H-2'), 7.63 (1H, dd, J = 8.4, 2.1 Hz, H-6"), 6.87
(1H, d, J= 8.4 Hz, H-5"), 6.40 (1H, d, /= 2.1 Hz, H-6), 6.21
(1H, d, J = 2.1 Hz, H-8), 5.11 (1H, d, J = 7.7 Hz, H-1"),
4.52 (1H, d, J = 1.3 Hz, H-1""), 3.80-3.24 (sugar protons),
1.12 (3H, d, J = 6.2 Hz, 6""-CH,); "C-NMR (125 MHz,
methanol-d,) 8. 178.0 (C-4), 164.6 (C-7), 161.6 (C-5), 157.9
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Figure 2: (a) Chromatogram showing peaks with retention time (X-axis, retention time; Y-axis, % intensity/% abundance).
(b) Gas chromatography—mass spectrometry (GC-MS) analysis of the major compounds in fraction A

The compounds of Fr. A and their retention time, molecular formulas, and molecular weights

No. RT Name of the compounds Molecular Molecular
(min) formula weight
1 17.93 Hexamethylcyclotrisiloxane CH,0,Si; 222
2 23.62 n-Methylformanilide C,H,NO 135
3 27.62 Tetradecane C,,Hs 198
4 30.33  Tributyl phosphate C,H, 0P 266
5 32.96 Conhydrine C,H,,NO 143
6 35.32  4-Amino-6-ethoxy-1,3,5-triazine-2-carbohydrazide C,H,,N,O, 198
7 37.97 Hexadecanoic acid C,H,.0, 256
8 41.88 Palmitic acid n-butyl ester C,,H.,.0, 312
9 43.63 Methyl linoleate C,oH,.0, 294
10 48.95  n-[24-Oxo0-30,70,120a-tris(trimethylsiloxy)-5p-cholan-24-yl] glycine methyl ester  C,H NO_Si, 695
11 52.14  Cholesteryl chloroformate C,H,CIO, 449
12 54.10 Phorbol 12,13-didecanoate C,,He.O;4 672

(C-2), 157.1 (C-9), 148.4 (C-4"), 144.5 (C-3"), 134.2 (C-3),
122.2 (C-6"), 121.7 (C-1"), 116.3 (C-5"), 114.7 (C-2'), 104.2
(C-10), 103.3 (C-1"), 101.0 (C-1"), 98.5 (C-6), 93.5 (C-8),
76.8 (C-3"), 75.8 (C-5"), 74.3 (C-2"), 72.5 (C-4""), 70.8
(C-4), 70.7 (C-2""), 70.0 (C-3""), 68.3 (C-5""), 67.2 (C-6),
16.5 (C-6").

Fr. A relieved STZ-induced renal dysfunction and
injury in DN rats

So as to confirm the effects of Fr. A on renal system of STZ-
induced DN rats, the kidney index and renal functional
parameters were determined. The BW and UCr of DN rats
were appreciably decreased, but the kidney hypertrophy
(kidney weight/BW [KW/BW]), serum glucose, UO, UPE,
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Figure 3: The structures of compounds 1-4 isolated from the fraction A from the n-BuOH extract of Toona sinensis seeds

SCr, and BUN in DN rats were significantly increased
compared to the NC group, indicating the occurrence of renal
hypertrophy in the DN group. However, compared to the DN
group, treatment with Fr. A significantly increased the BW
[Figure 4a] and UCr [Figure 4g], meanwhile decreased KW/
BW [Figure 4b], serum glucose [Figure 4c], UO [Figure 4d],
UPE [Figure 4e], SCr [Figure 4f], and BUN [Figure 4h]
ameliorating renal functional parameters in STZ-induced DN
rats, especially in the DN + M group.

In addition, to assess the kidney tissue injury, ECM
accumulation was determined by HE, Masson, PAS, PASM,
and TEM staining. The results showed that the HE, Masson,
PAS, and PASM staining were increased in STZ-induced DN
rats compared with the NC group, whereas Fr. A treatment
markedly decreased HE, Masson, PAS, and PASM staining
in DN rats [Figure 5a]. Similarly, the results of TEM also
indicated that Fr. A mitigated STZ-induced renal dysfunction
and injury in DN rats [Figure 5b].

Fr. A alleviated STZ-induced renal cortex OS in DN

rats

To evaluate the effects of Fr. A on OS injury in DN, the levels
of MDA, SOD, NO, CAT, and GSH-px were measured. STZ
treatment resulted in a significant increase of the levels of
MDA and NO, and a remarkable decrease of the levels of
SOD, CAT, and GSH-px in renal cortex of rats, indicating a

rise of OS in DN rats. However, Fr. A treatment dramatically
reduced the levels of MDA [Figure 6a] and NO [Figure 6¢]
and improved SOD [Figure 6b], CAT [Figure 6d], and
GSH-px [Figure 6¢] levels in renal cortex of STZ-induced
DN rats.

OS is regarded as one of the major risk factors for the
development of DN.[?2l MDA can reflect the content of
oxygen-free radicals in tissue and NO has been implicated
in the development of DN and is associated with increased
hyperfiltration and microalbuminuria.?*?* SOD and GSH-px
are enzymes in mitochondria that play an important role in
antioxidant defense. Decreased activity of CAT, a protector
of cell membranes and cellular constituents from oxidative
damage, may be due to the overproduction of reactive
oxygen species.”” Our research shows that Fr. A has the
characteristics of an antioxidant in vivo and this could be of
benefit for protection in DN. This suggested that suppression
of OS is an effective way to prevent DN.

Fr. A inhibited STZ-induced TGF-$1, CTGF, and Col
IV expression levels in DN rats

To investigate the interaction between Fr. A and TGF-BI,
CTGEF, and Col 1V, the influence of Fr. A on expression
of TGF-B1, CTGF, and Col IV levels was detected by
immunohistochemistry analysis, RT-PCR, and Western
blot. The results indicated that STZ markedly increased the
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Figure 4: (a-h) Effects of fraction A on streptozotocin-induced renal dysfunction and injury in diabetic nephropathy (DN) rats.
The results were presented as mean + standard deviation (n = 6). *P< 0.01, compared with normal control group; *P< 0.05 and
#P < 0.01, compared with DN group
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Figure 5: (a) Histopathological changes in the kidneys of diabetic nephropathy (DN) rats with fraction A treatment were stained
with hematoxylin-eosin, Masson’s trichrome (Masson), periodic acid Schiff (PAS), and periodic acid-silver methenamine (PASM)
staining (400x). Masson, PAS, and PASM staining were determined semi-quantitatively as described above. Data were reported
as mean + standard deviation (n = 6). *P< 0.01, compared with normal control group; #P < 0.05, compared with DN group.
(b) Structural changes were observed in renal ultrastructures of DN rats by transmission electron microscope (TEM, 5000x)
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and #P < 0.01, compared with DN group

expression of TGF-B1, CTGF, and Col IV levels. However,
Fr. A significantly restrained the expression of TGF-P1,
CTGEF, and Col IV levels in STZ-induced DN rats [Figure 7],
suggesting that Fr. A repressed TGF-B1, CTGF, and Col IV
expression levels in STZ-induced DN rats.

TGF-B1 is responsible for moderating glomerulosclerosis
and tubulointerstitial fibrosis by amplifying the synthesis
of the ECM in DN.2® Renal fibrosis can be activated by
hyperglycemia-induced OS through the TGF-f1 pathway.”!
Collagen and hydroxyproline are considered the key markers
of fibrosis.”® The hyperglycemia that initially induces the
increased expression of TGF-f1 results in the accumulation
of Col IV. The activated TGF-B1/Smad signaling pathway
induces the accumulation of ECM.*! CTGF is considered
a downstream mediator of TGF-B1 and a potent inducer of
ECM in the fibrotic process.*® Thus, the inhibition of TGF-
B1 expression can aid in the prevention of DN by alleviating
ECM accumulation. Furthermore, Fr. A decreased the
levels of TGF-B1, CTGF, and Col IV expression at both the
mRNA and protein levels in treated DN rats, which might be
related to its attenuation of OS. Consequently, the possible
mechanisms may be related to reducing hyperglycemia,
decreasing urinary protein, improving renal function and
structure, restraining OS, and inhibiting the expression of
TGF-B1, CTGF, and Col IV.

Strong evidences were provided that Fr. A ameliorates
STZ-induced DN rats by suppressing renal dysfunction and
injury, OS, and TGF-B1, CTGF, and Col IV expression levels
in vivo, indicating that Fr. A might be a beneficial agent for
the prevention and treatment of DN. It is worth noting that

all experimental results show that the DN + M group is the
optimal dose. In our continuous efforts to explore potential
chemical constituents from the Fr. A of n-BuOH extract of
T. sinensis seeds, kaempferol,B!! quercetin,?*?! myricitrin,?3
and rutin® were defined, which all play a major role in
improving DN.

CONCLUSION

The results of this study demonstrated the Fr. A of n-BuOH
extract of 7. sinensis seeds as a mean of ameliorating DN
agents for the 1* time and phytochemical evaluation confirmed
the presence of kaempferol, quercetin, myricitrin, and rutin
in Fr. A, which contributed to the positive ameliorating DN
effect. However, further studies need to be carried out to
verify whether the combination of compounds had synergistic
inhibitory effect on various proteins or genes related to DN.
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Figure 7: (a) Immunohistochemical photograph (400x) and semi-quantitative analysis of transforming growth factor beta 1
(TGF-B1), connective tissue growth factor (CTGF), and collagen IV (Col IV) in kidneys of DN rats with fraction A (Fr. A) treatment
were indicated. Data were reported as means + standard deviation (SD) (n = 6). (b) mRNA level changes of TGF-$1, CTGF, and
Col IV in kidneys of DN rats with Fr. A treatment were presented as mean + SD (n = 6). (c) Effects of Fr. Aon TGF-$1, CTGF, and
Col IV protein expression in kidneys of DN rats with Fr. A treatment were examined by Western blot. The results are presented
as mean = SD (n=6).*P <0.01, compared with NC group; #P < 0.05, compared with DN group
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