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Ethanol extract of Abelmoschus manihot suppresses endoplasmic reticulum stress in 
contrast-induced nephropathy
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Department of Cardiology, Affiliated Hospital of Nanjing University of Chinese Medicine, Jiangsu Province Hospital of Chinese Medicine, Nanjing, 
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ABSTRACT

Objective: To explore the efficacy and potential mechanisms of 
the ethanol extract of Abelmoschus manihot (L.) Medic in contrast-
induced nephropathy (CIN).
Methods: CIN rat models and human renal proximal tubular cells 
(HK-2) with iopromide-induced injury were employed to mimic 
CIN conditions. The effect of Abelmoschus manihot extract on the 
rat models and HK-2 cells was evaluated. In rat models, kidney 
function, histology, oxidative stress and apoptosis were determined. 
In HK-2 cells, cell viability, apoptosis, mitochondrial membrane 
potential, and endoplasmic reticulum stress were assessed.
Results: Abelmoschus manihot extract significantly improved 
structural and functional impairments in the kidneys of CIN rats. 
Additionally, the extract effectively mitigated the decline in cellular 
viability and reduced iopromide-induced oxidative stress and lipid 
peroxidation. Mechanistic investigations revealed that Abelmoschus 
manihot extract prominently attenuated acute endoplasmic reticulum 
stress-mediated apoptosis by downregulating GRP78 and CHOP 
protein levels. 
Conclusions: Abelmoschus manihot extract can be used as a 
promising therapeutic and preventive agent in the treatment of CIN.

KEYWORDS: Contrast-induced nephropathy; Abelmoschus manihot 
extract; ER stress; Apoptosis; GRP78; CHOP

1. Introduction

  Contrast-induced nephropathy (CIN) is a form of acute kidney 
injury that may arise after administration of contrast agents, 
particularly iodine-based ones, in medical imaging procedures 
like computed tomography or angiography[1,2]. Characterized by 
a swift deterioration in renal function[3], CIN affects up to 50% 

of patients with chronic kidney disease undergoing coronary 
angiography[4,5]. Strategies aimed at mitigating the risk of CIN 
encompass prehydration through intravenous fluids, utilization of 
low-osmolarity contrast agents, employing antioxidants such as 
N-acetylcysteine, and fenoldopam administration[6]. It is important 
to acknowledge that the efficacy of these preventive measures 
varies based on patient profiles and clinical contexts. Despite 
considerable research efforts, conclusive evidence regarding the 
optimal preventive strategies for CIN remains elusive. Extensive 
literature is marked by conflicting findings, impeding the 
formulation of unequivocal guidelines[7,8]. The identification of 
individuals at high risk of CIN (such as those with preexisting renal 
conditions, diabetes, advanced age, or comorbidities) coupled with 
the exploration of alternative imaging modalities or techniques 
minimizing contrast usage, can significantly attenuate the probability 
of CIN development[9]. It is important to note that the most recent 
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Significance

Our previous clinical investigations have corroborated the 
benefits of Abelmoschus manihot in patients with contrast-
induced nephropathy. However, the precise mechanisms remain 
unclear. The current study found that Abelmoschus manihot 
reduced iopromide exposure-induced kidney injury by inhibiting 
endoplasmic reticulum stress both in vivo and in vitro. 
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guidelines refrain from recommending a specific treatment regimen 
due to the nebulous nature of its underlying mechanism.
  Certain Chinese herbs have demonstrated efficacy in ameliorating 
symptoms linked to edema, hematuria, and kidney disease[10], 
and among these botanicals is Abelmoschus manihot (A. manihot) 
(L.) Medicus. This plant is distributed across Eastern Europe and 
temperate and subtropical regions of Asia, and its flowers are 
employed in traditional Chinese medicine to treat chronic kidney 
disease[11]. The Jiahua tablet (the trade name of A. manihot), 
an indigenous product developed by our hospital, has secured 
regulatory approval for clinical application in the management 
of chronic glomerulonephritis. Previous clinical investigations 
conducted by our team have corroborated the beneficial effects of 
the Jiahua tablet in patients with CIN[12,13], although its precise 
mechanism remains unclear. A randomized controlled trial conducted 
by an external research team reported that intervention with A. 
manihot in individuals with primary glomerular disease over a 
week significantly diminished urinary protein content and protected 
kidney function, surpassing the effects of losartan potassium[14]. 
Furthermore, it exhibited efficacy in reducing urinary protein in 
cases of nephrotic syndrome. Importantly, A. manihot demonstrated 
favorable results in the treatment of diabetic nephropathy with 
minimal adverse effects[15,16]. In vitro experiments also revealed 
that the ethanol extract of A. manihot mitigated iopromide-
induced apoptosis in renal tubular epithelial cells (HK-2 cells)[17]. 
Considering the above beneficial effects of A. manihot, the current 
study aimed to investigate the effect of A. manihot on iopromide-
induced HK-2 cells and a CIN rat model.

2. Materials and methods

2.1. Preparation of ethanol extract of A. manihot

  The flowers of A. manihot were completely submerged in 75% 
ethanol and subsequently extracted at 90 曟. The solution was 
collected after 1 h, filtered, and evaporated under vacuum conditions 
at 60 曟, yielding dry extract powder. This powder was then 
aseptically stored at −20 曟. Before use, the extract was dissolved in 
sterile water, and ultrasonic treatment was performed.

2.2. High-performance liquid chromatography (HPLC) 
analysis

  The composition of A. manihot extract was characterized using an 
HPLC system (Waters e2695, Waters Corporation) equipped with a 
C18 chromatographic column (250 mm × 4.6 mm, 5 μm). To create 
a reference stock solution, appropriate quantities of hyperoside (lot 
no. C10180684), myricetin (lot no. C10079514), quercetin (lot no. 
C10298448), rutin (lot no. C10275778, all from Macklin, Shanghai, 

China), and isoquercitrin (lot no. P25J9F65872, Yuanye, Shanghai, 
China) were weighed and prepared at a concentration of 1 mg/mL 
in a methanol aqueous solution. Various volumes of the reference 
solution were mixed and diluted to generate a mixed reference 
solution containing these five components. According to HPLC 
analysis, the primary components of the prepared A. manihot extract 
were identified.

2.3. Animals and grouping

  Adult male Sprague Dawley rats (180-200 g, 7-8 weeks, 
Qinglongshan Animal Breeding Center, Nanjing, China) were 
acclimatized for one week before being randomly assigned to 
four groups (n=8 per group): (i) control, (ii) model, (iii) low A. 
manihot extract (1.5 g/kg body weight), and (iv) high A. manihot 
extract (3.0 g/kg body weight)[18]. As described previously[19,20], 
the rats received injections of the prostaglandin synthesis inhibitor 
indomethacin (10 mg/kg, i.v.) and the nitric oxide inhibitor NG-
nitro-L-arginine methyl ester (L-NAME, 10 mg/kg, i.v.). Contrast 
media iopromide (3 g iodine/kg, i.v.) was administered after 15 min. 
All rats received drugs according to their respective groups for one 
week before modeling. The control group received gastric perfusion 
with the corresponding vehicle on each occasion. Body weights were 
recorded, and urine was collected every 24 h in metabolic cages to 
monitor urine output.

2.4. Sample collection

  Orbital plexus blood was collected and subsequently centrifuged to 
obtain serum, which was then stored at −80 曟. Following weighing 
and euthanasia using CO2 (30% of the chamber volume/min), all 
kidneys were collected and kidney index was calculated (index = 
kidney weight/body weight). A portion of kidney tissues was frozen 
in liquid nitrogen and stored at −80 曟. The remaining kidney tissues 
were fixed in 4% paraformaldehyde and embedded in paraffin for 
histological examination and immunohistochemistry (IHC) analysis.

2.5. Biochemical index detection

  Commercially available kits (Jiancheng Bioengineering Institute, 
Nanjing, China) were used to determine serum creatinine (SCr), 
malondialdehyde (MDA), and glutathione (GSH) levels. The renal 
tissue homogenate was prepared, and the supernatant was collected. 
These biochemical indices were measured following the respective 
manufacturer’s instructions. 

2.6. Hematoxylin-eosin (H&E) staining 

  Renal tissue specimens were fixed with 4% paraformaldehyde, 
dehydrated with graded alcohol, and subsequently embedded in 
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paraffin. After dewaxing, 5 μm tissue sections underwent H&E 
staining (Sangon Biotech, Shanghai, China). Images were captured 
under an inverted microscope (Nikon, Tokyo, Japan).

2.7. IHC staining

  Renal tissue sections were dewaxed in xylene for 15 min, 
rehydrated with graded ethanol, and double-distilled water. The 
slides were immersed at room temperature for 15 min in a 3% 
hydrogen peroxide solution. Antigen retrieval was achieved by 
incubating the slides in citrate buffer solution (pH 6.0) and heating 
them in a microwave oven 3 times for 8 min. The slides were then 
blocked for 1 h with 10% bovine serum (ExCell Bio, Shanghai, 
China) and incubated with primary antibodies overnight in a moist 
box at 4 曟. Following three washes with phosphate-buffered saline 
(PBS) with Tween, the tissue sections were incubated with an anti-
rabbit secondary antibody labeled with biotin and streptavidin 
labeled with horseradish peroxidase. Antibody information is 
provided in Supplementary Table 1. DAB solution (Bioss, Beijing, 
China) was added, followed by counterstaining with hematoxylin for 
3 min. Images were captured under an inverted microscope (Nikon, 
Tokyo, Japan).

2.8. TUNEL assay 

  Dewaxed slices were permeabilized using 0.3% Triton X-100 in 
PBS for 30 min and washed three times with PBS. TUNEL staining 
solution (50 μL, Sangon Biotech, Shanghai, China) was incubated 
with sections in the dark for 1 h at 37 曟. DAPI staining solution 
was added, then the sections were incubated in the dark for 10 min 
and washed with PBS. Images were captured using a fluorescence 
microscope (Nikon Ni-U, DS-Qi2, Japan). 

2.9. Cell culture 

  HK-2 cells (Procell, Wuhan, China) were cultured in DMEM/F-12 
(Gibco, Thermo Fisher Scientific) supplemented with 10% fetal 
bovine serum (ExCell Bio, Shanghai, China) at 37 曟 with 5% CO2. 
Cells were passaged upon reaching 80%-90% confluence.

2.10. 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT) assay 

  The MTT assay was utilized to determine the viability of HK-2 
cells. Approximately 5 000 cells were seeded in 96-well plates 
and incubated for 24 h. Cells were then treated with different 
concentrations of iopromide (30, 70, 100, 120, 150, and 180 mg I/mL) 
or A. manihot extract (0.1, 0.2, 0.4, 0.8, 1, 2, 4, and 8 mg/mL)[17] for 24 
h. Cells in each well were incubated in serum-free medium and MTT 
reagent (10×, Sangon Biotech, Shanghai, China) for 3 h, followed by 

the replacement with 200 μL DMSO. A microplate reader was used to 
measure the absorbance at 490 nm (Bio Tek, Santa Clara, CA, USA).

2.11. Annexin V-FITC/PI double staining assay 

  HK-2 cells were seeded in 6-well culture plates and grown to 90% 
confluence. The cells were treated with different concentrations of 
A. manihot extract for 24 h. Cells were collected, washed with cold 
PBS, and stained with Annexin V-FITC and PI (Procell, Wuhan, 
China) for 15 min in the dark at room temperature. The fluorescent 
signal was detected using flow cytometry (Becton Dickinson, 
Franklin Lakes, NJ, USA). 

2.12. Immunofluorescence staining

  HK-2 cells were seeded in confocal dishes (Nest, Wuxi, China), 
washed with PBS three times for 5 min each, fixed with 4% 
paraformaldehyde for 15 min at 4 曟, and then treated with 0.3% 
Triton X-100 for 15 min for permeabilization. After a 5% BSA 
blocking step for 1 h, cells were incubated overnight at 4 曟 with 
a primary antibody. After three PBS washes, cells were incubated 
for 90 min with CoraLite488-conjugated Goat Anti-Rabbit IgG at 
room temperature and then washed more than three times. DAPI 
staining solution was added, and the samples were incubated in the 
dark for 5 min. A Zeiss confocal laser microscope (ZEISS LSM 
700, Oberkochen, Battenfurt, Germany) was used for localization 
analysis.

2.13. Measurement of mitochondrial membrane potential

  The JC-1 assay (Beyotime, Jiangsu, China) was used to investigate 
mitochondrial membrane potential. HK-2 cells were seeded in a 
6-well culture plate (2×105 cells/well). After treatment, the cells 
were collected in a brown Eppendorf tube and incubated in 1 mL 
JC-1 staining buffer at 37 曟 for 20 min. Following incubation, the 
supernatant was removed, and cells were washed twice with JC-1 
staining buffer (1×). Images were captured using a fluorescence 
microscope (Nikon Ni-U, DS-Qi2, Japan).

2.14. Measurement of reactive oxygen species (ROS)

  2′,7′-Dichlorofluorescein (DCF) and dihydroethidium (DHE) 
probes (Solarbio, Beijing, China) were used to assess ROS levels 
in cells, as described in a previous report[21]. Images were captured 
using a fluorescence microscope (Nikon Ni-U, DS-Qi2, Japan). 

2.15. Western blot analysis

  HK-2 cells were lysed in RIPA buffer (Beyotime, Jiangsu, China) 
supplemented with a 2% protease and phosphatase inhibitor 
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cocktail for 20 min on ice. The samples were centrifuged at 4 曟 
for 10 min after sonication, supernatants were collected, and 
total protein concentration was determined with a BCA protein 
assay kit (Beyotime, Jiangsu, China). Equal amounts of protein 
(20 µg) were separated using 8%, 10%, or 12% sodium-dodecyl 
sulfate-polyacrylamide gel electrophoresis and transferred to 
polyvinylidene difluoride membranes (Millipore, Billerica, MA, 
USA). The membranes were blocked in 5% non-fat milk for 2 
h at room temperature. Subsequently, they were incubated with 
primary antibodies overnight at 4 曟. After washing, the membranes 
were incubated with HRP-conjugated anti-rabbit or anti-mouse 
IgG for 1 h at room temperature. The blots were developed using 
a chemiluminescence substrate (Thermo Fisher Scientific), and 
images were acquired with a Tanon 5200 chemiluminescent imaging 
system (Tanon, Shanghai, China). Image Lab software was used 
for quantitative analysis. Antibody information is provided in 
Supplementary Table 1.

2.16. Statistical analysis

  Statistical analysis was conducted using SPSS software (IBM, 
Armonk, NY, USA). All data are presented as mean ± standard 
deviation. To compare two groups, unpaired, two-tailed student’s 
t-tests were conducted. Analysis of variance (ANOVA) and 
Dunnett’s test were employed for multiple groups. P<0.05 was 
considered statistically significant.

2.17. Ethical statement

  All animal experiments complied with the ARRIVE guidelines 
and were carried out in accordance with the National Institutes of 
Health guide for the care and use of Laboratory animals. The Ethics 

Review Committee of Nanjing Tech University approved the animal 
experiments (No. LL-20220325-03).

3. Results

3.1. A. manihot alleviates the renal injury in CIN rats

  The HPLC analysis revealed that hyperoside, isoquercitrin, 
myricetin, quercetin, and rutin were the main components of the 
prepared A. manihot extract (Figure 1). The simplified animal 
protocol is presented in Figure 2A. For kidney index (Figure 2B) 
and body weight (Figure 2C), there were slight differences among 
experiment groups. The urine output of rats in the model group was 
decreased compared with the control group at three time points, 
and the rats treated with A. manihot extract exhibited higher urine 
output than the model group at 24 and 72-h intervals, although the 
difference was not significant (Figure 2D). Nevertheless, A. manihot 
extract effectively suppressed the increase of SCr in CIN rats (Figure 
2E). H&E staining showed that the model group exhibited vacuolar 
degeneration, necrotic or exfoliated cell debris in the lumen of the 
renal tubules, and thickened interstitium, compared with the control 
group. In contrast, A. manihot extract at a low dose alleviated tissue 
damage, and inflammatory infiltration persisted, which was largely 
normalized in the high-dose treatment group (Figure 2F).

3.2. A. manihot attenuates oxidative damage both in vivo 
and in vitro

  The MDA in the tissues of the model group was significantly 
increased (Figure 3A), which was significantly reduced by both 
doses of A. manihot extract. Moreover, the GSH content was 
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markedly decreased in the model group, which was reversed by 
A. manihot extract (Figure 3B). In addition, IHC analysis showed 
that the positive rates of 4-HNE and 8-OHdG in the model group 
were significantly enhanced, whereas the group treated with a high 
dose of A. manihot extract displayed decreased contents of 4-HNE 
and 8-OHdG in the tissue (Figure 3C). N-acetyl-cysteine (NAC), a 
typical ROS inhibitor, was used as a control substance. The results 
of DCF and DHE probes in HK2 cells reflected the production 
and accumulation of ROS in the model group. A. manihot extract 
significantly abolished the overproduction of ROS, consistent with 
the trend induced by NAC (Figure 3D).

3.3. A. manihot hinders the apoptosis in kidney tissues and 
HK-2 cells

  TUNEL staining revealed that apoptotic cells in the kidney tissue 
of the model group increased markedly. However, A. manihot 
extract effectively reduced apoptosis (Figure 4A-B). Western blot 
analysis demonstrated that the extract significantly decreased the 

levels of cleaved caspase-3 and cleaved PARP proteins (Figure 
4C-E). Consistently, IHC staining revealed that A. manihot extract 
diminished the expression of cleaved caspase-3 and cleaved PARP 
(Figure 4F).
  In HK-2 cells, cell viability was decreased by iopromide in a 
concentration-dependent manner (Figure 5A). In contrast, A. manihot 
extract (0.1-8 mg/mL) did not affect cell viability (Figure 5B). 
A. manihot extract (0.6 mg/mL) could ameliorate the iopromide-
induced decrease in cell viability in HK-2 cells (Figure 5C). In 
subsequent experiments, cells were treated with 100 mg I/mL 
iopromide and 0.4 or 0.6 mg/mL A. manihot extract. Flow cytometry 
analysis exhibited that both extract and NAC could reduce 
iopromide-induced apoptosis (Figure 5D). Western blot results 
showed that the protein levels of cleaved caspase-3 and cleaved 
PARP in cells were markedly decreased by treatment with A. manihot 
extract (Figure 5E-G). Early stages of apoptosis were assessed in 
terms of mitochondrial membrane potential. Compared with the 
control group, JC-1 monomers were significantly increased, and 
aggregates were decreased in the model group, while the extract and 
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NAC treatment significantly reduced JC-1 monomers, indicating that 

A. manihot extract effectively reversed the decreased mitochondrial 
membrane potential (Figure 5H-I).

3.4. A. manihot reduces acute endoplasmic reticulum (ER) 
stress

  Western blot analysis revealed that compared with the control 

group, the protein levels of CHOP and GRP78 in the model group 
showed an upward trend. Whereas, A. manihot extract significantly 
decreased the levels of CHOP and GRP78 proteins in tissues (Figure 
6A-C). According to IHC staining, the positive signals of CHOP 
and GRP78 in the model group were higher than those in the control 
group, which were significantly decreased by A. manihot extract 
(Figure 6D). Similar findings were obtained in cell experiments, 
where CHOP and GRP78 proteins were significantly decreased in 
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Figure 4. Abelmoschus manihot extract reduces apoptosis in kidney tissues. (A) The effect of the extract on apoptosis was determined by TUNEL staining (400×). 
(B) Semi-quantitative results of TUNEL staining. (C) The cleaved caspase-3 and cleaved PARP protein levels were examined by Western blot. (D and E) Semi-
quantitative results of Western blot. (F) Representative IHC images of cleaved caspase-3 and cleaved PARP in the kidney tissues (400×). **P<0.01, ***P<0.001 
vs. the model group.

HK-2 cells treated with A. manihot extract and NAC, respectively 
(Figure 6E-G). Furthermore, CHOP expression in the nucleus and 
cytoplasm of HK-2 cells was identified using immunofluorescence. 
The CHOP level in the model group was higher compared to the 
control group, whereas A. manihot extract (0.6 mg/mL) reduced the 
positive area (Figure 6H). Thus, the extract attenuated acute ER 
stress in both CIN rats and iopromide-induced HK-2 cells.

4. Discussion

  Medical imaging has identified CIN as a prominent contributor 
to iatrogenic kidney injury[22]. This investigation has validated the 
involvement of ER stress-mediated apoptosis in CIN. Remarkably, 

A. manihot extract exhibits the capacity to ameliorate CIN by abating 
ER stress-mediated apoptosis. A previous study also suggests that 
ER stress mediates the mechanism of the Aspergillus plant extract 
against cardiovascular endothelial damage[23]. Notably, patients 
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afflicted with cardiovascular and cerebrovascular conditions, such 
as acute myocardial infarction and stroke, display heightened 
susceptibility to CIN[24]. Thus, early intensive intervention becomes 
imperative for potentially high-risk CIN patients. A comprehensive 
assessment of CIN risk is necessary for patients undergoing contrast 

medium injections[25]. Given the current evidence and guideline 
recommendations, specific therapeutic measures for CIN remain 
elusive, underscoring the significance of prevention as a primary 
approach to reducing CIN incidence. The pursuit of novel strategies 
for both the prevention and treatment of CIN persists as a formidable 
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Figure 5. Abelmoschus manihot extract decreases apoptosis in HK-2 cells. The effect of (A) iopromide, (B) Abelmoschus manihot extract, and (C) iopromide+ 
Abelmoschus manihot extract on HK-2 cell viability. (D) HK-2 cell apoptosis was determined by flow cytometry. (E) Caspase-3 and PARP protein expression 
were examined by Western blot analysis. (F and G) Semi-quantitative results of Western blot. (H) Semi-quantitative results of JC-1 assay. (I) JC-1 probe was 
utilized to detect mitochondrial membrane potential (200×). ***P<0.001 vs. the model group.
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Figure 6. Abelmoschus manihot extract reduces acute ER stress. (A) The effect of the extract on the protein levels of GRP78 and CHOP in the kidney tissues 
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challenge.
  Mechanistically, contrast agents accumulate within the kidney and 
are subsequently reabsorbed by renal tubules, impeding efficient 
glomerular filtration and elongating the duration of contrast agent 
exposure to renal tubular epithelial cells. Prolonged exposure 
intensifies tubular ischemia and hypoxia, culminating in pronounced 
cellular damage or apoptosis[26]. Our data corroborate the induction 
of apoptosis in HK-2 cells and rat kidney tissue by iopromide, an 
iodine-based contrast agent, affirming the successful establishment 
of the model.
  Previous research has emphasized that contrast agent-triggered 
renal ischemia and hypoxia elevate renal oxidative stress[22]. 
ROS partake in cell signal transduction processes via the renal 
tubular transport system, orchestrating key messengers and pivotal 
transcription factors. Renal parenchymal hypoxia is exacerbated 
through ROS-mediated direct damage to renal tubules and vascular 
endothelium, often aggravating hypoxia through endothelial 
dysfunction and imbalanced tubular transport[27]. Consequently, 
pertinent experiments were carried out to examine the role of 

A. manihot extract in mitigating oxidative damage within the 
pathological mechanism of CIN. Our results substantiate its 
potential to curtail contrast-induced oxidative stress and renal lipid 
peroxidation, an exacerbating factor for oxidative damage.
  Emerging evidence has consistently situated acute ER stress as 
a precursor to apoptosis[28]. The maintenance of ER homeostasis, 
protein folding, assembly facilitation, and misfolded protein 
elimination is overseen by GRP78[29]. Under normal circumstances, 
CHOP maintains low expression levels. However, under ER 
stress conditions, it dissociates from ER transmembrane proteins, 
activating the expression of apoptosis-associated proteins[30,31]. Our 
investigation highlights the ability of A. manihot extract to suppress 
acute ER stress in kidney tissue exposed to iopromide. Nevertheless, 
there are limitations in this study. Given the presence of several 
compounds in A. manihot extract, it would be of interest to define the 
optimal composition ratio or screen out the most critical medicinal 
ingredients in future research.
  Collectively, our findings indicate that A. manihot extract can 
significantly mitigate renal pathological damage and oxidative stress 
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in CIN rats. Additionally, A. manihot extract reduced apoptosis 
and ER stress in both in vivo and in vitro experiments. This study 
provides an initial insight into its mechanism in alleviating CIN-
related damage.
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