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Abstract

Chronic kidney disease (CKD) is a progressive loss of kidney function associated with inflammation and
fibrosis. Chrysanthemum coronarium L. (CC), a leafy vegetable, possesses various beneficial properties,
including anti-oxidative, anti-inflammatory, and antiproliferative effects. This study aimed to determine
the renoprotective effects of CC on adenine-induced CKD in mice. CKD was induced by feeding mice an
adenine diet (0.25% w/w) for 4 weeks. Changes in renal function, histopathology, inflammation, and renal
interstitial fibrosis were analyzed. The adenine-fed mice were characterized by increased blood urea
nitrogen, serum creatinine, and histological changes, including inflammation and fibrosis; however, these
changes were significantly restored on treatment with CC. Additionally, CC inhibited the expression of
inflammatory markers, monocyte chemoattractant protein-1, interleukins-6 and - 1, intercellular
adhesion molecule-1, and cyclooxygenase 2. Moreover, CC suppressed the expression of the fibrotic
markers, type IV collagen, and fibronectin. Furthermore, CC attenuated the expression of profibrotic genes
(tumor growth factor-B and a- smooth muscle actin) in adenine-induced renal injury mice. These results
suggest that CC has the potential to attenuate adenine-induced renal injury and might offer a new option
as a renoprotective agent or functional food supplement for moderate CKD.

Introduction

Chronic kidney disease (CKD) is a global health challenge in most countries '. CKD is characterized by a
progressive and irreversible loss of kidney function, leading to glomerular injury and tubulointerstitial
fibrosis, resulting in end-stage renal disease through a common pathological process %3. Although
accumulating evidence has focused on developing new and efficient treatments, there are no effective
agents for preventing or delaying the development of CKD *. Therefore, identifying an effective agent for
satisfactorily treating CKD is crucial.

Several studies have documented the beneficial effects of herbs, edible medicinal products, and
traditional foods on CKD. Several edible medicinal foods reportedly have renoprotective effects on
adenine (AD)-induced CKD, such as Erhuang Formula 3, Garcinia lucida Vesque (Clusiaceae) °, Laminaria
japonica ®, Lindera aggregate’, Salvia miltiorrhiza 8, and Chinese chive (Allium tuberosum Rottl. Ex
Spreng). In addition, edible natural products contain many bioactive components that can act on multiple
targets and exert various protective effects against CKD. Therefore, an in-depth study of edible natural
products to protect against or delay CKD is essential.

Glebionis coronaria (Chrysanthemum coronarium L.; CC) is widely distributed in the Mediterranean

region. It is considered a healthy food in Asia. CC, also known as Ssukgat in Korea, is a precious
vegetable and medicinal plant ®19. Studies have shown that CC exerts potent antioxidant effects 11713,
Similarly, we previously found the preventive effects of CC on bone metabolism in vitro and in vivo °. In

addition, we recently showed that CC protects against premature senescence in vitro '°. Although CC has
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been shown to possess various activities, its role in CKD is unknown. Hence, in the present study, we
aimed to determine whether CC exerted renoprotective effects against AD-induced renal injury.

Material and Methods
Preparation of CC Extracts

CC extract was purchased from a local market in Korea. The dried CC (1 kg) was crushed and extracted
twice with 18 mL of 50% ethanol for 24 h. After filtration, the extracts were evaporated by freeze-drying at
-70°C. The extraction yield was 8% (w/w). All experiments on plant including the collection of plant
material, were performed in accordance with the institutional, national, and international guidelines and
legislation.

Animals

Seven-week-old male C57BL/6 mice were purchased from Oriental Biotechnology (Daejeon, South Korea).
The mice were housed under controlled laboratory conditions (the temperature at 22 + 2 °C, humidity at
50 + 60%, and with a light-dark cycle of 12 h) and had free access to food and tap water. The
experimental procedures were reviewed and approved by the Institutional Animal Care and Use
Committee of the Korea Food Research Institute (KFRI-M-22001); the experiments were conducted per the
institutional guidelines established by the Committee. The animal studies are reported with the
recommendations in the ARRIVE guidelines. All the relevant institutional guidelines, along with the
ARRIVE guidelines were followed during the study.

Experimental procedure

The mice were randomly divided into three experimental groups: control (Cont, n =10), AD (Ade, n =10),
and AD with CC (Ade + CC, n = 10). The control group was fed normal saline diet. CKD was induced by
feeding mice with an AD diet (0.25% w/w). The Ade group was fed an AD diet supplemented with saline.
The Ade + CC group was fed an AD diet supplemented with CC. CC was orally administrated once daily at
100 mg/kg/day. Body weights were measured weekly. After 4 weeks of feeding, all the mice were
euthanized with 1.5% isoflurane (BKPharma Corp., Kyonggi-Do, Korea). Serum and kidney samples were
collected from each mouse.

Biochemical parameters

Common serum biochemical parameters, including blood urea nitrogen (BUN), Serum creatinine (SCr),
calcium, and phosphorous, were measured using a biochemical kit (Chema Diagnostic Di Marco Flore,
Monsano, ltaly), following the manufacturer's instructions.
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Histopathological analysis

The kidneys were harvested, fixed in 10% formalin, dehydrated, and embedded in paraffin wax. The
tissues were cut into 4 pm-sections from the paraffin blocks, dewaxed, and rehydrated. Sections were
stained with hematoxylin and eosin (H&E), periodic acid—Schiff (PAS), and Masson's trichrome (MT) to
analyze inflammation, fibrosis, atrophy, and dilation. '#. The slides were analyzed under a panoramic
microscope (3D HISTECH Panoramic 250, Hungary).

Immunohistochemistry (IHC)

The expression of a-smooth muscle actin (SMA) was analyzed with immunohistochemistry (IHC)
staining. After blocking at room temperature for 10 min, the slides were incubated with the anti- -SMA
(1:500) at 4 °C overnight. After incubation with secondary antibodies, the sections were developed using
3,3-Diaminobenzidine (Dako, CA, USA). The stained slides were observed under a panoramic microscope
(3D HISTECH Panoramic 250, Hungary). Five randomly selected microscopic fields (200x magnification)
were analyzed quantitatively in a blinded manner.

RNA isolation and quantitative real-time polymerase chain reaction
(QRT-PCR)

Total RNA was extracted from the kidney tissues (100 mg) using an RNeasy RNA isolation kit (GeneAll).
Subsequently, the RNA was reverse-transcribed to cDNA using an iScript cDNA synthesis kit with random
primers (Bio-Rad). Finally, the synthesized cDNA was used for qRT-PCR using the SYBR Green PCR Master
Mix Kit (Invitrogen). The expression of the housekeeping gene glyceraldehyde 3-phosphate
dehydrogenase served as the endogenous control. The actual primer sequences are listed in Table 1.
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Table 1
List of primers used in the study

Gene Primer sequence (5-3) Tm (°C)
MCP-1 F: GCCTGCTGTTCACAGTTGC 59.1

R: CAGGTGAGTGGGGCGTTA 58.0
IL-6 F: TGAGAGTAGTGAGGAACAAG 52.8

R: CGCAGAATGAGATGAGTTG 53.0
IL-18 F: TGAGCTCGCCAGTGAAATGAT 59.1

R: TCCATGGCCACAACAACTGA 58.8
F4/80 F: CCTGGACGAATCCTGTGAAG 57.0

R: GGTGGGACCACAGAGAGTTG 59.0
Type IV Collagen  F: TTAAAGGACTCCAGGGACCAC 58.0
R: CCCACTGAGCCTGTCACAC 59.3
Fibronectin F: CCCTATCTCTGATACCGTTGTCC 58.8
R: TGCCGCAACTACTGTGATTCGG 624

TGFB-1 F: TCAGACATTCGGGAAGCAGT 58.0
R: ACGCCAGGAATTGTTGCTAT 56.9
a-SMA F: GCCCAGAGCAAGAGAGG 55.6
R: TGTCAGCAGTGTCGGATG 56.1
GAPDH F: AAATGGTGAAGGTCGGTGTG 60.0
R: TGAAGGGGTCGTTGATGG 60.0

Western blotting analysis

Western blotting analysis

The Kidney tissues were homogenized in a radioimmunoprecipitation assay buffer (Beyotime, Los Altos,
CA, USA). Similarly, 20 pg of tissue lysates were loaded onto SDS-PAGE gels, separated, and transferred
onto polyvinylidene fluoride membranes. Subsequently, the membranes were blocked with 5% skimmed
milk and incubated the intercellular adhesion molecule (ICAM)-1, cyclooxygenase (COX)-2, and B-actin
(Santa Cruz Biotechnology, Dallas, TX, USA). Next, the membranes were incubated with horseradish
peroxidase-conjugated goat anti-rabbit secondary antibodies (Cell Signaling Technology). Finally, signals
were detected using an image analyzer (ChemiDoc™ XRS + System; Bio-Rad Laboratories). Finally,
densitometry was performed with ImageJ (NIH).
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Statistical analysis

Data are presented as the mean + standard derivation (SD) and analyzed using GraphPad Prism software
version 9.0 (Inc., La Jolla, CA, USA). One-way analysis of variance, followed by Tukey's multiple
comparison test, were used to detect statistical differences. Differences were considered statistically
significant at p<0.05.

Results
CC attenuates AD-induced renal injury

Mice were fed an AD diet for 4 weeks to establish a CKD model. The body weight in the Cont group
increased; however, it decreased in the Ade group. Although the body weight of mice in the Ade + CC
group was decreased, it was higher than that of those in the Ade group (Figure. 1A). BUN and SCr levels
are known biomarkers of kidney function. Next, the levels of BUN and SCr in the Ade group were
significantly increased compared with those in the Cont group (p <0.0001 for both). However, compared
with the Ade group, BUN and SCr levels in the Ade + CC group were reduced (p < 0.01, p < 0.05,
respectively). CKD is associated with an imbalance in calcium and phosphorus homeostasis (Figure. 1B
and 1C). The levels of calcium and phosphorus in the Ade group were significantly increased compared
with those in the Cont group (p < 0.0001, for both). However, compared with the Ade group, the levels of
calcium and phosphorus in the Ade + CC group were decreased (ns and p < 0.01, respectively) (Figure. 1D
and 1E). H&E, PAS, and MT stainings were performed on the kidney sections from each group to
investigate the effects of CC on histopathological changes (Figure. 2). Extensive renal damages,
including evident renal tubular dilation, inflammatory cell infiltration, and fibrosis, were observed in the
Ade group compared with the Cont group. However, renal damage was significantly reduced in the Ade +
CC group (p < 0.05). These results suggest that CC could improve renal function and suppress renal
damage in CKD mice.

CC suppress inflammatory responses in AD-induced renal injury mice

It is well-established that chronic inflammation accelerates the progression of fibrosis. To define the
effect of CC in regulating inflammation, we analyzed the expression of inflammatory cytokines, such as
monocyte chemoattractant protein (MCP)-1, interleukins (IL)-6 and - 1B, and ICAM-1, COX-2, and
macrophage activation markers F4/80. The qRT-PCR results showed that MCP-1, IL-6, and IL-18 levels
were significantly increased in the Ade group compared with those in the Cont group (p < 0.0001, for all),
which were decreased in the Ade + CC group (p<0.01, p<0.001, and p < 0.05, respectively; Figure. 3A-C).
In addition, western blotting analysis showed that the expression levels of ICAM-1 and COX-2 were
increased in the Ade group compared with those in the Cont group (Figure. 3D—F, p<0.0001) and were
decreased in the Ade + CC group (p < 0.05). Moreover, qRT-PCR results showed that the expression level of
F4/80 was increased in the Ade group compared with that in the Cont group (Figure. 3G, p <0.0001),
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which was decreased on CC treatment (p < 0.05). These data indicate that CC attenuated inflammation in
AD-induced renal injury by suppressing inflammatory cytokine production and macrophage infiltration.

CC suppress extracellular matrix (ECM) deposit and tubulointerstitial
fibrosis in AD-induced renal injury mice

To determine the effect of CC on AD-induced fibrotic responses, we assessed two of the ECM proteins,
including type IV collagen and fibronectin (FN), using RT-PCR. Compared with the Cont group, the mRNA
expression levels of type IV collagen and FN were significantly increased in the Ade group (p<0.01 and p
<0.001, respectively). However, the mRNA expression levels were decreased in the Ade + CC group
compared with the Ade group (Figure. 4A and B, p < 0.05, p <0.001, respectively). Our results suggest that
CC attenuated extracellular matrix overproduction and renal fibrosis in CKD mice.

CC attenuates the expression of profibrotic genes in AD-induced
renal injury mice

To define the effect of CC in regulating fibrosis, we assessed the expression levels of fibrosis-related
genes, including TGF-B and a-SMA, using gRT-PCR. A significant increase in TGF-B and a-SMA expression
levels in the Ade group compared with the Cont group was observed (Figure. 5A and B, p<0.001 and p <
0.01, respectively). In contrast, the Ade + CC group exhibited a reduced those of all parameters related
with renal fibrosis (p <0.001 for both). Furthermore, we assessed the a-SMA using IHC staining.
Tubulointerstitial fibrosis in the Ade group mice was significantly higher than that in the Cont group (p <
0.0001). However, compared with the Ade group, tubulointerstitial fibrosis in mice in the Ade + CC group
mice was also decreased (Figure. 5C and D, p<0.0001). These results suggest that CC attenuated
profibrotic gene expression in CKD mice.

Discussion

CKD is a progressive and irreversible disease, increasingly becoming more common and a critical health
challenge with no effective therapy. Thus, many researchers have investigated the pathogenesis of CKD,
its underlying mechanisms, and the development of effective and new treatments. In humans, AD causes
metabolic abnormalities that mimic CKD. Accumulating evidence has shown that CKD is induced in mice
fed an AD diet, a well-established model for exploring renal injury '>16. After feeding AD, the base is
metabolized to 2,8-dihydroxyadenine, deposited and crystallized in the proximal renal tubules owing to
renal injury, leading to accumulation of urine and inflammation of the tubule, and causing
tubulointerstitial fibrosis 7. This study's results indicate that mice fed with AD exhibited significant
weight loss and renal dysfunction owing to markedly increased levels of BUN and SCr. In addition, our
findings showed that the kidneys of AD-fed mice exhibited significant tubular and interstitial injuries,
including tubular atrophy, dilation, interstitial inflammation, and fibrosis. Consistent with previous studies
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16-18 these findings provide sufficient evidence of renal damage in AD-fed mice. In the present study, we
observed that CC treatment effectively reduced the increase in BUN and SCre levels and histological renal
morphology in AD-induced CKD mice. These findings suggest that CC is a potential inhibitor of renal

injury.

Furthermore, evidence indicates that the progression of CKD involves inflammation and fibrosis. Many
studies have reported that the increased levels of inflammatory cytokines, such as TNF-q, IL-13, and IL-6,
facilitate the progression of CKD 1°20. Similarly, AD feeding increased the expression of renal
inflammatory factors, including IL-6 and IL-1B 2". In addition, MCP-1 expression was associated with

222

increased COX-2 <“. MCP-1, an inflammatory cytokine, increases the proliferation, infiltration, and

production of several cytokines and chemokines in inflammatory cells 223, ICAM-1 is a chemotactic
factor that enables macrophages to maintain an inflammatory response. Activating ICAM-1 recruits
macrophage. Thus, ICAM-1 is an essential factor for macrophage infiltration into the renal tissue.
Moreover, F4/80 is commonly recognized as a marker of macrophage infiltration. Thus, increased
expression of F4/80 in the kidneys indicates active inflammatory responses and has been well-
documented in kidney injuries 2. In this study, CC inhibited the increased expression of MCP-1, IL-6, IL-1,
COX-2, ICAM-1, and F4/80 in AD-induced kidney injury. These findings suggest that CC exerts anti-
inflammatory effects on AD-induced renal injury.

Furthermore, the development of CKD is associated with tubulointerstitial fibrosis 2°. TGF-B1 has been
established as a key factor of the renal fibrosis process, 2° which induces the development of epithelial-
to-mesenchymal transition (EMT) 2728, Myofibroblasts generate inflammatory cytokines and collagenous
matrix, leading to renal fibrosis. The renal tubules with EMT show upregulated expression of a-SMA and
ECM proteins (FN and type IV collagen) 7. TGF-B1 promotes increased ECM production, including FN and
type IV collagen 2°. Several studies reported that -feeding mice with an AD diet increases the expression
of TGF-B1 and ECM proteins such as type 4 collagen and FN, resulting in renal fibrosis 42°. In this study,
AD treatment significantly increased the expression levels of TGF-1, type IV collagen, FN, and a-SMA in
kidneys, which were significantly suppressed by CC treatment. Our findings suggest that CC exerts
antifibrotic effects in patients with CKD.

Epidemiological evidence indicates that consuming a diet rich in vegetables, medicinal plants, or their
derived flavonoids can delay the progression of CKD, possibly owing to the bioactivity of these
compounds and other phytochemicals that act synergistically. Hence, we investigated whether CC can be
used as a potential target to alleviate CKD in AD-fed mice. Several studies have reported that CC and CC-
derived compounds have beneficial effects °. Similar to our findings, previous studies have demonstrated
that CC contains caffeic acid, chlorogenic acid, rutin, cynarin, 3,4-dicaffeoylquinic acid, and 3,5-
dicaffeoyl-4-succinoyl quinic acid. Rutin has numerous beneficial health effects, including anti-
inflammatory and anti-fibrosis in CKD. Caffeic acid exhibits pharmacological activities, including
antioxidant and antifibrotic effects, and reduces renal tubulointerstitial fibrosis. Chlorogenic acid
attenuates renal fibrosis. Furthermore, 3,4-dicaffeoylquinic acid possesses antioxidant and anti-

Page 8/15



inflammatory properties. Therefore, we hypothesized that the CC extract, containing several bioactive
compounds, would exert an inhibitory effect on AD-induced renal injury. Herein, the CC extract showed
protective effects in improving renal function in AD-induced CKD by suppressing inflammatory factors
and fibrosis, suggesting that the extract might be developed as a new renoprotective agent or functional
food supplement to moderate CKD.

The present study had some limitations. First, we focused on inflammation and fibrosis in the kidneys.
Hence, we assessed only the associated parameters. Second, we did not determine the therapeutic
effects of the various CC-derived compounds. Therefore, further studies are needed to understand the
mechanistic signaling pathways involved in the effects of CC and CC-derived components.

Conclusions

We confirmed that CC could improve renal function and protect against AD-induced chronic renal injury.
In addition, the mechanism of renoprotection may be related to its anti-inflammatory and antifibrotic
effects. Thus, CC may offer a new option for moderate CKD as a renoprotective agent or functional food
supplement.
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Figure 1

CC attenuates adenine (AD)-induced renal injury. Chronic kidney disease (CKD) was induced by adenine
(0.25% w/w) for 28 days, and CC (100 mg/kg b.w) was given orally by gavage either alone or additionally
with adenine. (A). Bodyweight. (B). BUN level. (C). SCr level. (D). Calcium level. (E). Phosphate level. All

*kkk

data are represented as mean+standard deviation (SD). N=8. "p<0.0001 vs. Cont group. #p<0.05, and

##5<0.01, ns: not significant, vs. Ade group.
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CC attenuates AD-induced morphological changes. (A). Hematoxylin and eosin (H&E) stainings were used
for identification and semiquantitative scoring of inflammation. The orange arrows indicate inflammatory
cell infiltration. (B). Periodic acid-Schiff (PAS) staining indicates the identification and semiquantitative
scoring of basal membrane atrophy and dilatation. White arrows indicate examples of atrophic basal
membranes, and red stars indicate tubule dilation. (C). Masson's trichrome (MT) staining was used for
identification and semiquantitative fibrosis scoring. The yellow arrows indicate interstitial fibrosis.

(D). Histopathology was evaluated from the kidney stained with HE, PAS, and MT. All data are represented

*kkk

as mean+SD. N=8. "p<0.0001 vs. control group. #p<0.05, vs. Ade group.
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Figure 3

CC suppress inflammatory responses in AD-induced renal injury mice. gRT-PCR analysis of MCP-1 (A), IL-
6 (B), and IL-1B (C) mRNA expression. Western blotting analysis showing protein expression of ICAM-1 (D
and E) and COX-2(D and F). gRT-PCR analysis showing the mRNA expression of F4/80 (G). All data are

presented as mean+SD. N=8. "p<0.001 and ***p<0.0001 vs. Cont group. #p<0.05, and #p<0.01,

###1<0.0001, vs. Ade group.
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Figure 4

CC reduces extracellular matrix deposition and tubulointerstitial fibrosis in a mouse model of AD-induced
renal injury. gqRT-PCR results showing the mRNA level of type IV collagen (A) and fibronectin (B). All data
p<0.0001 vs. Cont group. #p<0.05, and ###p<0.001, vs.

*kkk

are presented as mean+SD. N=8. p<0.01 and

Ade group.
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CC suppresses the upregulation of TGF-B1 and a-SMA expression in the mouse model of AD-induced
renal injury. The qRT-PCR results represent the mRNA levels of TGF-B1 (A) and a-SMA (B).
Immunohistochemical staining showed the expression of a-SMA (C and D). All data are presented as
mean+SD. N=8. “p<0.01, "p<0.001, and ***P<0.0001, vs. Cont group. ##p<0.001, and ###p<0.0001 vs.
Ade group.
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