[Downloaded free from http://www.ijpvmjournal.net on Wednesday, December 29, 2021, IP: 176.102.246.79]

- Original Article

Aristolochic Acid Induces Chronic Kidney Disease in ACE Knockout Mice

Abstract

Background: Aristolochic acid I (AAI) is an extract from Chinese herbs that causes progressive
interstitial nephritis. The aim of this research is to know whether chymases play the crucial role
in AAl-induced nephropathy. Methods: The mice were treated with AAI via intraperitoneal
injection and the accumulated AAI dosages are 30 mg/kg of body weight for two, four, six,
and eight weeks. The animals were sacrificed after another two or four weeks for nephropathy
development. Collection of blood, urine, and kidney samples for the further biochemical analysis,
hematoxylin—eosin (H and E) and Masson’s trichrome stained to detected pathologic, and MMP2
and MMP9 activity assays. Results: After the treatment of AAIL of the mice, their body weights
were decreased (P < 0.01), and concentration of creatinine and blood urea nitrogen (BUN) in
serum (P < 0.01) and urine collection were increased (P < 0.01). In the renal tissue sections, high
amount of inflammatory cells were found by H and E stain, and increased fibrosis in renal interstitial
tissue were observed by Masson’s trichrome stain. In mice kidney tissue, significantly increased
chymase activity after treatment of AAI was found (P < 0.01), but ACE activity did not show
significant changes. In ACE KO mice, increased MMP2 and decreased MMP9 activity were found
in the AAl-treated mice compared with AAl-untreated control (P < 0.01). Conclusions: Moreover,
it was also observed that the deficiency of ACE would accelerate the disease development of
AAl-induced nephropathy. These results may help to know more information about the role
of AAl-induced chronic kidney disease and can be applied in developing new drug targets for
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Introduction is usually the final outcome of CKD, which

is related to the disorder of ECM due to
the imbalance of MMP-2 and MMP-9
activity.”! The major MMPs in kidney are
gelatinases (MMP-2 and MMP-9) that
cleave denatured collagen. In normal human
kidneys, chymase expression are faint in
glomeruli and vascular smooth muscle
cells of normal kidneys."®! Aristolochic acid
I (AAI) is a rapidly progressive interstitial
nephritis associated with the intake of
Chinese herbs.!!!

Chronic kidney disease (CKD) is a general
term for heterogeneous disorders affecting
the structure and function of the kidney.!!
The presence of kidney damage is usually
regarded as an index.”) CKD is kidneys
damage that cannot excess water out of the
blood finally to make urine.’! In kidneys,
localized renin—angiotensin system plays
crucial role in physiological regulation,
but ACE is the major enzyme converting
Ang I to Ang IL¥ Increased chymase
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experiments were carried out in com.tw
I to angiotensin II and thus play a role  jccordance with institutional —guidelines
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metalloproteases-9 (MMP-9) or matrix
metalloproteases-2 (MMP-2). Renal fibrosis
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Laboratory Animal Center (NLAC, Taipei,
Taiwan), and ACE knockout mice were
established and raised at the Laboratory
Animal Center. The number of mice used
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in this study have been evaluated and minimized with best
efforts based on the DNA genotyping and sex. The ACE
KO mice of hemizygous and homozygous mutants were
used in this study. All animal procedures were approved by
the Institutional Animal Care and Use Committee (IACUC),
Fooyin University (107-RDH-002). The principles outlined
in the Declaration of Helsinki should be followed (World
Medical Association)

AAI-induced CKD in ACE KO mice

ACE KO mice of hemizygous mutants (seven- to
eight-week old, 20-25 g) were used to establish CKD mice
model. Mice were divided into two groups (n = 5 in each
group) according to the disease development on the AAI
treatment. The AAI groups were treated with a dose of
10 mg/kg/3 days AAI via L.P. injection in period of seven
weeks and sacrificed after another two and four weeks of
disease development. The sham groups were only treated
with pH 7.4 PBS and sacrificed on the eight week.

Serum collection

Mice were sacrificed after injection of anesthesia (avertin
250 mg/kg), and blood were collected by direct cardiac
puncture. The blood samples without adding heparin were
then centrifuged (3,000 rpm, 15 min at 4°C) to acquire
serum (supernatants). The kidney were excised after
perfusion with 0.9% NaCl solution and kept on ice for
further steps.

Biochemical analysis

Mice body weights were recorded. Mice urine was
collected weekly by home-made metabolism cage for
24 h and the urine samples were store at —20°C after
centrifugation (3,000 rpm, 15 min). To evaluate the mice
renal function, the levels of creatinine, albumin, and blood
urea nitrogen in urine and serum were measured by using
Fujifilm clinical chemical analyzer.

Gelatin zymography assay

The gelatin zymography was used to detect the MMP-2
and MMP-9 activities with gelatin-containing gels. The
procedure was reported in our previous research. The
amount of 10-ug proteins was mixed with 2 X zymogram
sample buffer (0.125 M Tris-HCl, pH 6.8, 20% (v/v)
glycerol, 4% (w/v) SDS and 0.005% bromophenol blue).
Samples were incubated for 10 min at room temperature
and then loaded into the SDS-PAGE prepared with 10%
acrylamide gels containing 0.1% gelatin (Sigma-Aldrich,
St. Louis, MO, USA). The electrophoresis was run under
the power supply of 100 V, and following electrophoresis,
the gel was washed twice for 30 min in zymogram
renaturing buffer (2.5% Triton X-100) with slight shake
at room temperature to remove SDS. Then, the gel was
incubated for 18 h at 37°C in reaction buffer (50 mM
Tris-HCI, pH 7.4, 200 mM NaCl, 5 mM CaCl,). After
incubation, the gel was stained with Coomassie blue for

2

30 min and destained with destain buffer (50% methanol,
10% acetic acid) for 12 h. The activities of MMP-2 and
MMP-9 could be observed on the gels as clear zones or
unstained zones. The bands were quantified by Scion Image
software (NIH, Bethesda, MD, USA) based on the area of
bands hydrolyzed by gelatinase.

ACE and chymase activity assay

ACE activity was measured by the commercial fluorogenic
peptide substrate Mca-YVADAPK (Dnp)-OH (AnaSpec,
San Jose, CA, USA). The assay was carried out in a
micro-quartz cuvette containing 10-uL kidney tissue
homogenous extract and 33-uM fluorogenic peptide
substrate and protease inhibitor (1:150; Sigma-Aldrich)
in a final volume of 300 pL filled up with ACE assay
buffer. The specific inhibitor of ACE used in this study was
captopril (Sigma-Aldrich). The samples were incubated
at 37°C for 1 h and then the fluorescence signals were
recorded at an excitation wavelength of 320 nm and
an emission wavelength of 405 nm by a fluorescence
spectrophotometer (Hitachi F-2700). Chymase activity was
detected by the AuNPs-peptide probe developed by our
laboratory  (FITC-Acp-DRVYIHPFHLDDDDDC-AuNPs).
In a micro-quartz cuvette, a total volume of 250 uL including
AuNPs-peptide probe (125 uL), reactive buffer (pH 8 TTC
buffer), and kidney tissue homogenous extract was incubated
at 37°C for 15 min. The fluorescence intensity was recorded
and analyzed at 515 nm with excitation wavelength of 495
nm by a fluorescence spectrophotometer.

Histological determination

Kidneys were collected after sacrifice and fixed in 10%
formalin solution, and then embedded in paraffin for
sectioning. Sections were stained with hematoxylin and
eosin (H and E) and Masson’s trichrome staining using
standard pathology procedures, and photographed by a
digital camera mounted on a microscope. All sections were
observed using a computerized microscope equipped with
a high-resolution video camera (BX 51, Olympus, Tokyo,
Japan).

Statistical analysis

All values were expressed as the mean =+ standard
deviation (SD). Statistical significance used for one-way
analysis of variance (ANOVA) evaluating differences
among multiple weeks compared with beginning
week (0 week) and treated AAIL Statistical significance
between two samples was assessed using one-way analysis
of variance (ANOVA) by Student’s #-test when the data
belong to more than two groups. Once the P value was less
than 0.05 or 0.01, the differences were considered statistical
significantly compared with treated AAI or wild-type (WT).
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Results

Histology of kidney tissue sections after AAI treatment
at two and four weeks in ACE KO mice by H and E
staining and masson’s trichrome staining

The body weight of WT and ACE KO mice are recorded once
every two weeks. We found that the ACE KO mice without
treated with AAI steady lose weight at the first two weeks,
the lowers body weight on six and eight weeks (P < 0.001).
However, WT body weights were increased after six and eight
weeks [Figure 1]. However, compared with WT and ACE KO
mice after eight weeks fed, we found that they have significant
difference. The kidney tissue sections are stained with H and E
to observe the white blood cells infiltration in ACE KO mice
at four weeks after AAI treatment. The sections are from ACE
KO mice treated with 10 mg/kg/3 days AAI for two and four
weeks and then sacrificed after another two and four weeks.
Compared with the without treated group, the AAI groups
showed severe white blood cells infiltration in renal interstitium
and the thicker vessel wall [Figure 1a]. On the other hand, the
kidney fibrosis tissue sections were also observed stained with
Masson’s trichrome. Compared with the without AAI treated
group, the AAI treatment group showed intrarenal fibrosis (blue
color) and severe interstitial tissue damage [Figure 1b].

Blood collected samples
AAl-treatment induced CKD

after two weeks of

After 2 weeks of AAI treatment, mice were sacrificed
and blood was collected from them to detect serum
creatinine, albumin, and BUN concentration by
biochemistry analysis. The serum creatinine was
increased after two weeks of AAI treatment in WT mice.
Using one-way analysis of variance (ANOVA) following
student’s #-test, we could find in WT mice that not only
the serum creatinine increased in males, but also in
females (P < 0.01) after AAI treatment. On the other
hand, we also could find the same increases in the ACE
KO mice either hemizygous or homozygous (P < 0.01).
However, the serum creatinine in ACE KO after

AAI group was found higher than that in the WT
group [Figure 2a]. On serum albumin detection, we found
that there was no significant difference in WT or ACE KO
with or without AAI treatment [Figure 2b]. However, the
serum BUN was increased in AAI treatment either WT
or ACE KO mice (P < 0.01) using one-way analysis of
variance (ANOVA) following student’s #-test [Figure 2c].
All serum samples are collected from mice which are
treated with 10 mg/kg/3 days AAI for four weeks and
sacrificed after another two and four weeks.

Urine samples analysis in ACE KO mice at two, four,
six, and eight weeks by biochemistry analysis

The 24-h urine samples are collected once every two weeks
with self-made metabolism cages. The urine creatinine was
found increased in ACE KO mice at two, four, six, and
eight weeks compared with WT (P < 0.01) [Figure 3a].
Increased urine albumin and protein were observed in ACE
KO mice at two, four, six, and eight weeks compared with
WT (P < 0.01) [Figure 3b and c].

The kidney tissue chymase and ACE activity in ACE
KO mice after two and four weeks of AAI treatment

The kidney tissue chymase activity is detected in ACE KO
mice by self-made AuNPs-peptide probe. After two and
four weeks treatment of AAI, chymase activity of the delta
fluorescence intensity detected by self-made AuNPs-peptide
probe was found to increase at four weeks AAI treatment
of ACE KO mice, when compared with untreated
ones (P < 0.01) [Figure 4a]. However, the kidney tissue
ACE activities at two and four weeks of AAI treatment
were a little decreased in ACE KO mice [Figure 4b].

The Kidney tissue MMP-2 and MMP-9 activity in ACE
KO mice after two and four weeks of AAI treatment by
gelatin zymography

The kidney tissues MMP-2 and MMP-9 activities were
determined by gelatin zymography. They showed us that
MMP-2 activity was increased at two and four weeks of
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Figure 1: Hematoxylin—eosin (H and E) and trichrome stained of ACE2 KO mice kidney tissue after the treatment of AAI. (a) The wild-type (WT) mice treated
with PBS steady gained weight; however, ACE KO mice after the four-week treatment of AAl lost weight. All values are expressed as the mean * SD from
each group. * and ** indicate P < 0.05 and P < 0.01, respectively, compared with the mice body weight at first day. (b) H and E stained of kidney tissue
sections were form ACE KO mice treated with AAl for two and four weeks and sacrificed after another two weeks. Compared with the AAl-untreated group,
the AAIl group showed severe red blood cells infiltration in AAIl groups. The trichrome stained kidney tissue sections were from ACE2 KO mice treated with
AAl for two and four weeks and sacrificed after another two weeks. Compared with the AAl-untreated group, the AAIl group showed intrarenal fibrosis (red

color arrowheads) and severe interstitial tissue damage (blue color tissue)
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Figure 2: Serum biochemical analysis of mice treated with AAI. All serum samples were collected from mice which were treated with 10 mg/kg/3 days AAI
for four weeks and sacrificed after another two and four weeks. (a) The serum creatinine in AAl group was found higher than in untreated-AAl group in
WT and ACE KO mice. (b) The serum albumin was not found significant change in AAl group compared to that in untreated-AAl group in WT and ACE KO
mice. (c) The serum BUN was found significantly increased in AAl group compared with untreated-AAl group. All values are expressed as the mean * SD
from each group. * and ** indicate and P < 0.05 and P < 0.01, respectively, compared with untreated-AAl group
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Figure 3: Urine biochemical analysis of ACE KO mice untreated with AAl. The ACE KO mice were fed at two, four, six, and eight weeks and sacrificed after
another two and four weeks, and the urine samples were collected twice peer weeks with self-made metabolism cages. (a) The urine creatinine was found
increased in ACE KO mice at two, four, six, and eight weeks untreated-AAl group. (b) Increased urine albumin was observed in ACE2 KO mice at two, four,
six, and eight weeks untreated-AAl group. (c) Remarkably increase in urine protein was also observed in ACE KO mice at two, four, six, and eight weeks
untreated-AAl group. All values are expressed as the mean * SD from each group. ** indicates P < 0.01, compared with the WT group

AAI treatment (P < 0.01), compared with the untreated  Discussion

ones [Figure Sa]. However, MMP-9 activity was decreased at this study, we have established an AAl-induced CKD

two and four weeks (P < 0.01) of AAI treatment [Figure 5b]  mice model during long-term eight-week experimental
in ACE KO mice, when compared with untreated AAI ones. designs. The AAI has known to be nephrotoxic
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Figure 4: Chymase and ACE activity in kidney tissue isolated from ACE
KO mice treated with AAI. The peptide was designed for chymase, the
biosensor platform was proven, that it was specific for chymase, and the
biochemical analysis showed the kidney injury. Experimental flowchart
of synthesis of the application in CKD mice model. (a) After the treatment
AAl, the chymase activity of mice kidney tissue was detected by self-made
AuNPs-peptide probe. About increase in chymase activity was detected
in four-week disease development AAl-treated ACE KO mice compared
with without AAI. The mice were treated 10 mg/kg/3 days AAl for two and
four weeks in ACE KO mice. (b) The kidney tissue ACE activity decreased
after the two- and four-week treatment of AAl in ACE KO mice. All values
are expressed as the mean * SD from each group. ** indicates P < 0.01
compared with ACE KO mice group without treating AAI

usually causes renal fibrosis associated with urothelial
carcinoma.l">"] First, we determined the different range
of WT and ACE KO mice in CKD [Figure 1]. According
to the results, we determined ACE KO mice beginning
body weight reduced on two weeks fed, but we did
not make sure what resulted in CKD.['¥ Furthermore,
we did treatment of AAI to determine CKD-induced.
Figure 2 showed that after the treatment of AAI,
the level of serum creatinine and BUN immediately
improved; however, serum albumin unchanged. The
level of serum BUN is known to associate with other
nonrenal events.['>'% Increased serum creatinine and
BUN level reflected the harmful body condition which
may result from the treatment of the AAI; otherwise, the
serum creatinine level might reflect more closely renal
function conditions. Both serum creatinine and BUN
were increased after the treatment of AAI, but the serum
albumin unchanged showed the failed kidney function
and kidney injury in WT and ACE KO mice, either
ACE™" or ACE"" [Figure 2].l'" Moreover, we detected
creatinine, albumin, and urine protein in ACE KO mice by
urinalysis. The kidney disease diagnosis can be analyzed
depending on the kidney function by detecting the
creatinine in urine to calculate the glomerular filtration
rate and on kidney injury using detecting the albumin
in urine.'! In ACE KO mice compared with WT after
feeding for two, four, six, and eight weeks, we found that
their urine creatinine, urine albumin, and urine protein
increased [Figure 3]. Therefore, according to Figures 1
and 3, we could prove kidney damage. An AuNPs-peptide
probe is well established for chymase detection, but
the peptide is designed to be negatively charged for the
sensitivity and stability.l'¥! The level of chymase protein
expression was found significant and interstitial fibrosis
was observed. It was found that the mean number of
chymase positive has significantly higher in nephrectomy
specimens of kidneys than in normal kidneys.!"*?% In our
study, the chymase activity expression of kidney tissue
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Figure 5: Relative of MMP-2 and-9 activity in kidney tissue isolated from
ACE KO mice treated with AAI. (a) The kidney tissue MMP-2 activity was
determined by gelatin zymography. About increased MMP-2 was found in
the AAl-treated ACE KO mice compared with those detected in without
treated. MMP-2 activity increased with the longer disease development. (b)
Decreased kidney tissue MMP-9 was found in AAl treated ACE KO mice
group compared with those without treated group, and longer disease
development showed more decrease in MMP-9 activity. The mice were
treated 10 mg/kg/3 days AAI for two and four weeks. All values are
expressed as the mean * SD from each group. * and ** indicate P < 0.05
and P < 0.01, respectively, compared with the ACE KO mice group without
treating AAI

increased in long-term four-week treatment [Figure 4a].
This result accorded with Masson’s trichrome staining
kidney section result, which showed after four-week
treatment with AAI, causing fibrosis. However, ACE
activity in mice kidney is detected and the decrease in
ACE activity is found in the AAl-induced CKD mice
model at four weeks [Figure 4b]. It might mean that
the generation of Ang II in normal kidney may not be
through ACE to convert and which in injury kidney may
be through non-ACE pathway to convert. There was
another pathway of converting Ang I to Ang II, such as
chymase. However, in some kidney diseases, MMP-9
activity was found decreased, such as in AAN.?"221 In our
result, MMP-2 activity of mice kidney in both two- and
four-week treatments were increased, but decreased the
MMP-9 activity [Figure 5]. Renal interstitial fibrosis
was found associated with reduced levels of MMPs and
ECM accumulation in some renal disease.*?*! Because
of the AAI, the upper regulation of MMP-9 synthesis
is inhibited, causing downregulation of MMP-9 in
AAIl-induced kidney disease.
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