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Background. Sepsis is defined as a host inflammatory response to infection that can result in end-organ dysfunction. One of the
most common consequences of sepsis is acute kidney injury (AKI). Panax notoginseng powder (PNP) has been previously
reported to protect against overactive inflammation process. However, the potential effect of PNP on septic AKI is poorly
described. The current study was conducted to investigate the protective effects of PNP in septic AKI rats. Methods. A model of
septic AKI was established on male SD rats by using the cecal ligation and puncture procedure. PNP was administrated by gavage
after the cecal ligation and puncture (CLP) procedure, and the mice were sacrificed at 6, 12, and 72 h after induction of sepsis. The
serum and kidney samples were collected and assayed for biochemical tests, histopathological staining, inflammation, and
apoptosis-related gene/protein expression. In addition, 15 rats in each group were used to calculate the 7-day survival rate. Results.
CLP-induced kidney injury was observed by the histopathological score, which markedly was attenuated by PNP treatment.
Consistently, PNP intervention significantly alleviated the elevated levels of serum creatinine and blood urea nitrogen in CLP-
induced sepsis rats. The CLP procedure also triggered proinflammatory cytokine production and increased the expression of
various inflammation-related proteins in the kidneys. However, PNP inhibited the renal expression of IL-18, IL-1f, TNF-«, and
IL-6 to substantially improve inflammatory response. Mechanistically, CLP induced the increase of the NF-«xB p65 level in the
injured kidneys, while PNP notably inhibited the corresponding protein expression. Conclusion. PNP attenuated kidney in-
flammation to protect against CLP-induced septic AKI in rats via inhibiting the NF-«B signaling pathway.

1. Introduction

Sepsis can account for approximately 50% of acute kidney
injury (AKI) cases [1, 2], and patients suffering from sepsis-
associated AKI display a high risk of mortality which can
lead to the development of chronic kidney disease (CKD) in
the future [3]. Currently, volume resuscitation, antimicro-
bial therapy, and renal replacement therapy are the main
therapeutic modalities used for the management of sepsis-

induced AKI [4]. Despite advances in the treatment of sepsis,
there is still no effective cure for septic AKI. Thus, exploring
a new and novel approach for AKI treatment is essential.
With the development of traditional Chinese medicine
(TCM) pathogenesis research, TCM treatment has proved to
be immensely beneficial in the medical field [5-13]. Natural
medications offer feasible alternative options against various
diseases in contrast to western medication, primarily by
effectively inhibiting antinociceptive as well as anti-
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inflammatory receptors [5, 6], and can also demonstrate
both antitumor and antiviral activities [7, 8]. A number of
previous studies have described the advantages of natural
products in the treatment of various chronic diseases.

Panax notoginseng (Burk) F.H.Chen is derived from the
dry root of the Araliaceae plant Panax notoginseng, which
has been reported to exhibit diverse effects such as hemo-
stasis, dissipating blood stasis, and reducing swelling as well
as pain. A previous study has shown [14] that Panax
notoginseng can exhibit a significant inhibitory effect on a
variety of acute and chronic inflammation models of rats. It
can effectively reduce capillary permeability and promote
wound tissue repair. In addition, Xie et al. revealed [15] that
Panax notoginseng can restore excessively high or low im-
mune response to the normal level without interfering with
the body’s normal immune response. Moreover, Panax
notoginseng can also substantially increase the function of
the mononuclear and macrophage cells [16], promote the
weight gain of immune organs, such as the thymus and
spleen, and enhance the body’s cellular and humoral im-
mune functions. However, the potential effect of Panax
notoginseng in AKI was still unclear.

In this study, we first used the cecal ligation and
puncture procedure [17] to construct a sepsis-induced AKI
model in rats and investigated the effect of Panax noto-
ginseng powder (PNP) on pathological changes in the renal
tissues and its role in regulating the renal function. Sub-
sequently, the detailed molecular mechanisms including the
expression of various inflammatory factors and signal
pathways involved in PNP-treated AKI were also explored.
Through these series of experiments, we aimed to reveal the
protective effects of PNP on AKI in septic rats.

2. Materials and Methods

2.1. Panax notoginseng Powder. Panax notoginseng, also
known as Sangi, was prepared from the roots/radix of the
herb Panax notoginseng that grows wild in East Asia, spe-
cifically China and Japan. Panax notoginseng powder was
purchased from Zhejiang Provincial People’s Hospital
(Hangzhou, China) and stored in airtight containers for
experiments.

2.2. Animal Experiments. Eighty male Sprague-Dawley rats
(150-200g) were obtained from the experimental animal
center of Zhejiang Provincial People’s Hospital and housed in
a temperature- and light-controlled room (21-25°C and 12h
light-dark cycle) with arrangements for free drinking and
eating. The rats were randomly divided into 4 different
groups, 20 of each, including (1) the sham/control group with
the rats receiving sham operation, (2) the sham/control + PNP
group with the rats receiving sham operation and given
gavage with PNP (8 mg/kg), (3) the CLP group with the rats
being established as septic models by CLP, and (4) the
CLP + PNP (8 mg/kg) group with the rats being established as
septic models by CLP followed by gavage with PNP (8 mg/kg).
The rats in sham +PNP and CLP +PNP (8 mg/kg) groups
were given gavage with PNP according to the setting
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concentrations after surgery. After 6, 12, and 24 h of surgery,
the blood was collected from the inner canthal orbital vein.
The kidney tissue was thereafter divided into two and pre-
served in liquid nitrogen and formalin for fixation. The
statistics of survival every day was analyzed until the seventh
day. Ethical approval was approved by the local research
ethics committee in Zhejiang Provincial People’s Hospital,
Affiliated People’s Hospital of Hangzhou Medical College
(Hangzhou, China).

2.3. Enzyme-Linked Immunosorbent Assay (ELISA). The
blood samples were collected in an anticoagulative tube with
ethylenediaminetetraacetic acid (EDTA) and centrifuged at
3,000 g for 10 min. The supernatant and the serum were then
separated and stored at 80°C for the detection of cytokines by
ELISA within 3 days. According to the specifications of the
ELISA kit (MultiSciences), the serum levels of the various
cytokines of interest were detected with six replicates and
three repeats in each. The absorbance values at 450 nm were
measured and recorded. The standard curves of these cy-
tokines were drawn, and the concentrations were calculated
as per the manufacturer’s instructions.

2.4. Assessment of BUN and Serum Creatinine (Scr). The
levels of BUN and Scr were examined with a biochemical
analyzer (BX3010, Sysmex Corporation, Japan). The Scr level
was measured by the picric acid method, and the BUN level
was determined by the urease method.

2.5. Renal Histological Examination. The kidney tissues were
fixed in 10% neutral buffered formalin, embedded in par-
affin, and sectioned at 4 ym thickness. After deparaffiniza-
tion and rehydration, the kidney sections were stained with
periodic acid-Schift (PAS) or hematoxylin and eosin (HE).
The sections were thereafter viewed by light microscopy at
magnifications of x200 or x400. For semiquantitative
analysis of the morphological changes, two different sections
were randomly selected from each sample of at least 3 for
every group and 10 fields were randomly selected at a
magnification of x200 from each section. The various his-
topathological changes were evaluated by the percentage of
injured/damaged renal tubules, as indicated by tubular lysis,
dilation, disruption, and cast formation.

2.6. Immunohistochemical Staining. The kidney tissues were
fixed in 10% neutral buffered formalin, embedded in par-
affin, and sectioned at 4uym thickness. The sections were
baked at 70°C for 2 h. Thereafter, the sections were depar-
affinized in xylene, rehydrated using a gradient of ethanol
concentrations, and boiled in 1 mM-TE buffer in a high-
pressure cooker for 3 min to retrieve the antigen. They were
blocked with 3% hydrogen peroxide for 15 min to inhibit the
endogenous peroxidase activity and then incubated with
10% goat nonimmune serum (Invitrogen, Carlsbad, CA) for
20 min to reduce the nonspecific background staining. After
that, TMA sections were incubated with rabbit antihuman
primary polyclonal antibodies against IL-1f, TNF-a, and IL-
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6 (Cell Signaling Technology, CST) overnight at 4°C and
then incubated with a biotin-labeled secondary antibody
(Invitrogen, Carlsbad, CA) at room temperature for 15 min,
followed by incubation with HRP-conjugated streptavidin
(Invitrogen, Carlsbad, CA) at room temperature for 15 min.
Then, the color development was performed with a DAB
Substrate Kit (Dako, Glostrup, Denmark). Finally, the sec-
tions were counterstained with hematoxylin, dehydrated,
cleared, and mounted.

2.7. Western Blot Analysis. Rat kidney cortexes were dis-
sected and homogenized in radio immune precipitation
(RIPA) lysis buffer (P0013B, Beyotime Biotechnology,
Haimen, China). After centrifugation at 13,000 rpm for
15 min at 4°C, the supernatant was collected and the protein
concentrations were analyzed using a bicinchoninic acid
(BCA) Protein Assay Kit (Beyotime, Haimen, China). Bo-
vine serum albumin (BSA) was used as the standard. Equal
amounts of protein lysate were loaded directly on 10-12%
SDS-PAGE and transferred onto the polyvinylidene
difluoride (PVDF) membrane for protein blotting (0.2 ym,
Bio-Rad). The membranes were blocked with 5% BSA (w/v)
in Tris-buffered saline with 0.1% Tween-20 (TBS-T) for 1 h at
room temperature and thereafter incubated with indicated
primary antibodies (Cell Signaling Technology, CST)
overnight at 4°C. After being rinsed thrice with TBS-T at
5min at 3 intervals, the membranes were further incubated
with horseradish peroxidase-labeled goat anti-rabbit IgG (1 :
2000; Biosynthesis Biotechnology, Beijing, China) or goat
anti-mouse IgG (1:2000; Biosynthesis Biotechnology, Bei-
jing, China) for 1 h. The immunoblots were visualized using
the Immobilon Western Chemiluminescent HRP Substrate
(Millipore, Billerica, MA) with Bio-Rad ChemiDoc MP.

2.8. Statistical Analysis. All experiments were performed in
triplicate unless otherwise stated. The data have been pre-
sented as mean+SD. One-way analysis of variance
(ANOVA) followed by the Student-Newman-Keuls (SNK)
test was used for multiple group comparisons. The com-
parisons between the two groups were conducted using the
two-tailed t-test, and P <0.05 was considered statistically
significant.

3. Results

3.1. PNP Treatment Improves Septic Rats’ Survival Rate.
First, we aimed to investigate the effect of PNP on the survival
rate of septic rats with AKI. We compared the survival rate of
rats treated with an early (immediately after CLP) dose of
PNP. The rats were divided into four different groups, control,
PNP, CLP, and CLP +PNP (n=10, respectively), and were
monitored twice a day for 7 days. As shown in Figure 1, rats
that underwent the CLP procedure with no PNP treatment
displayed a declining survival rate from the first day with a
50% survival rate on the next day. By the end of the ex-
periment, no rats in the CLP group survived. In the PNP
group, the survival rate of the rats reduced only 25% at the end
of the experiment. In the CLP+PNP group, the survival rate of
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FIGURE 1: PNP treatment significantly improved survival in rats
subjected to cecal ligation and puncture (CLP). Mortality was
monitored twice daily for 7 days in control rats, septic (CLP alone)
rats, and Panax notoginseng powder (PNP) (8 mg/kg)-treated septic
rats. The rats were treated with PNP immediately after the CLP
procedure. There were 15 rats in each group. The survival was
evaluated using Kaplan-Meier analysis and the log-rank test.

the rats was about 25% (shown in Figure 1); compared with
the CLP group, there was a statistical difference (P <0.01).
These observations indicated that PNP treatment can sig-
nificantly improve the survival rate of septic rats.

3.2. PNP Can Protect the Septic Rats against Renal Injury.
Next, we analyzed the histological changes caused by the
CLP procedure and PNP treatment (8 mg/kg), and the re-
sults are shown in Figure 2. The pathological analysis of the
CLP group showed increased inflammatory infiltration,
evident edema, marked hemorrhagic spots in the inter-
stitium, enlarged glomerular, narrower renal tubules, and
degenerated epithelial cells (shown in Figure 2), thus sug-
gesting that the CLP procedure induced sepsis in rats and
caused substantial induced kidney injury in rats. However,
compared to the control group and PNP group, the renal
structure in the CLP + PNP group did not show significant
changes associated with injury. These findings suggested that
PNP treatment exhibited protective properties to sepsis-
induced kidney injury in rats.

We next analyzed the renal injury markers BUN and Cre
in serum by ELISA, and the findings indicated that PNP
treatment did not cause a statistically significant difference
in the levels of both BUN and Cre, thereby indicating that
PNP did not exhibit any obvious side effects on the renal
tissues. Interestingly, the rats in the CLP group showed a
high expression of BUN and Cre at 12 and 24 h (shown in
Figures 3(a) and 3(b); P <0.01), thus indicating that CLP
induced impairment of renal function. Moreover, compared
with the CLP model, the CLP +PNP group substantially
reduced the increase of BUN (P =0.01) and Cre levels
(P <0.001).
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CLP+PNP

F1GURE 2: Effect of PNP on renal injury in septic rats. The CLP-induced histopathological changes in the kidney tissues were detected by an
HE staining assay (magnification: 100x and 200x), and the renal injury score has been shown. No damage of tubules in control and PNP
groups was observed. CLP induced severe tubular injury. The renal tubular damage caused by CLP was repaired by PNP administration.
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FiGure 3: PNP alleviated CLP-induced kidney injury in vivo. The concentrations of BUN (a) and Cre (b) in the peripheral blood from the

different groups are shown. Each value represents the mean + SD.

3.3. PNP Alleviated Inflammation and Maintained the Normal
Kidney Functions in Septic Rats. After demonstrating the
effects of PNP on the morphology of the renal tissues, we
next explored whether PNP can also modulate the response
of renal injury. The rats were divided into 4 different groups
(control, PNP, CLP, and CLP +PNP), and the levels of
various cytokines (IL-18, IL-18, TNF-q, and IL-6) in the
peripheral blood were measured. The data indicated that
PNP had no obvious side effects on the renal tissues in rats.
Compared to the control group, the levels of proin-
flammatory cytokines (IL-18, IL-15, TNF-a, and IL-6) in rats

in the CLP group were significantly increased (shown in
Figures 4(a)-4(d); P <0.01). Interestingly, compared with
the CLP group, the CLP + PNP group showed reduced IL-18
(P =0.03), IL-1B (P =0.98), TNF-a (P =0.21), and IL-6
(P =0.02) levels at 12 h and caused a significant decrease in
IL-18 (P = 0.1),IL-13 (P < 0.001), TNF-« (P = 0.02), and IL-
6 (P =0.01) levels due to CLP at 24 h. These results con-
firmed the protective effects of PNP on inflammation at the
molecular level.

Next, immunohistochemistry was also used to evaluate
the cytokine expression level of the various cytokines. A
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FIGURE 4: PNP markedly reduced the secretion of peripheral blood cytokines induced by CLP in vivo. IL-18, IL-15, TNF-a, and IL-6 levels in
kidney tissues were determined by ELISA. The results shown are representative of at least three independent experiments. Each value

represents the mean + SD.

positive expression of IL-1p was observed in the CLP group,
which was slightly higher than that of the control and PNP
groups. This result indicated that an inflammatory response
occurred in the CLP group, which then effectively induced
an increased expression of the various cytokines. However,
the inflammatory response caused by CLP decreased after
PNP treatment, and the expression of cytokines was sig-
nificantly downregulated (shown in Figure 5).

3.4. PNP Treatment Inhibited the NF-«B Signaling Pathway in
the Kidney Tissues of Septic Rats. PNP has been previously
reported to reduce NF-«B activation which can play a main
role in inflammation. To understand the role of PNP in
modulating renal tissue inflammation in the model of sepsis,
we examined the effect of PNP on the NF-xB/p65 expression.
We compared the protein expression of key members of the
NEF-«B/p65 signaling pathway after the CLP procedure with/

without PNP treatment. The results of the western blot assay
revealed that PNP alone did not significantly alter IxkBa and
NF-«B levels and translocation compared to control. The
CLP group, as expected, showed a significantly decreased
expression of IxBa protein, thus suggesting the degradation
of IxBa and then subsequently the release of NF-xB.
However, PNP treatment could significantly reverse this
process, thereby inhibiting IxBa protein degradation and
decreasing the NF-«B level (shown in Figure 6). This finding
revealed that PNP might modulate the inflammatory re-
sponse of septic rats by suppressing the NF-«B signaling
pathway.

4, Discussion

In the present study, we have established a sepsis-induced
AKI rat model via the CLP procedure to explore the po-
tential protective effects of PNP. The CLP procedure induced
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levels in kidney tissues was determined by immunohistochemical staining. The results shown are representative of at least three independent
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pathological injury at the histological and molecular level in
rat renal tissues. However, we observed that PNP treatment
exerted a substantial protective effect on the kidneys of septic
rats. We found that the infiltration of inflammatory cells of
rates was reduced and the kidney injury was also attenuated
after the PNP treatment. Moreover, we noticed that PNP
treatment effectively reduced the levels of classical AKI
markers BUN and creatinine indicating that PNP might act
as a protective agent for maintaining normal renal functions
in the sepsis-induced AKI rat model.

Sepsis is initiated by bacteria and toxins which can result
in an overly activated systemic inflammatory response.
Following this, immune response is activated, and without
proper interventions, it may result in organ disorders [18].
Inflammatory cytokines, such as TNF-« and IL-6, have been
demonstrated to be associated with poor outcomes in AKI
[19]. Lipopolysaccharide is the main component of Gram-
negative bacteria and can effectively bind to the pattern
recognition receptor, TLR4. This binding can result in the
activation of the nuclear factor-kappa B (NF-xB) signaling
pathway. The activation of this pathway can lead to increased
transcription of pro-inflammatory cytokines such as TNF-«,
IL-18, and IL-6 [20]. In addition, these cytokines can
modulate the various transmembrane receptors, TLRs and

inflammasome NLRs, and thereby amplify the initial in-
flammatory response [21, 22]. This whole process can
thereafter result in excessive inflammation infiltration and
may directly affect the renal parenchyma [20]. After is-
chemia/reperfusion, endothelial cells can increase the
transcription level of a number of adhesion molecules which
can in turn enhance the migration of leukocytes and might
also amplify inflammatory response [23]. For instance, a
study by Chen et al. demonstrated that inflammation and
oxidative stress inhibition may be beneficial to kidney injury
[24]. In our study, we observed that PNP significantly re-
duced the levels of proinflammatory factors IL-18, IL-1p,
TNF-a, and IL-6. Tumor necrosis factor-alpha (TNF-«) can
regulate the expression of various inflammation genes,
oxidative stress, and antiapoptotic signaling pathways and
thus act as one of the most important proinflammatory
cytokines [25]. Thus, therapeutic targeting of TNF-« sig-
naling has been extensively used for the treatment of several
inflammatory diseases [26, 27]. TNF-« can induce the ex-
pression of IL-6, IL-10, and IL-18, which can be used as an
inflammatory marker for the development of sepsis [28].
Consistent with this previous study, our present study also
revealed that the protective role of PNP in AKI was mediated
through inhibition of inflammatory responses.
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immediately after cecal ligation and puncture (CLP) or control operation (control). The representative blots of protein levels of nuclear and
NF-«B p65 and IxBa in the kidneys were determined by western blot analysis.
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FIGURE 7: A schematic abstract depicting a summary of the study design and results. Sprague-Dawley rats undergoing the CLP procedure
developed sepsis and AKI. PNP significantly reduced renal injury to a lesser degree accompanied with reduced BUN/Cre levels, thereby
indicating improved kidney function. PNP primarily exerted its protective effects against kidney injury by inhibiting the inflammatory
cytokine production and NF-«B expression. Ultimately, PNP improved the survival rate of septic rats, thus displaying its potential as a

therapeutic agent in sepsis-induced AKI.

In order to analyze the protective and anti-inflammatory
effects of PNP in sepsis-induced AKI, we also investigated
the effect on the key inflammatory transcription factor, NF-
«B. Activation of the NF-«B/p65 signaling pathway has been
reported as one of the key contributors of inflammation in
kidney injury [29]. Usually, NF-«B p65 remains in an in-
active form in the cytoplasm when binding to IxBa. IxBa is

phosphorylated by IKK and subsequently degraded via the
ubiquitin-proteasome pathway after being stimulated by
LPS, which results in the release of NF-«B to induce the
transcription of various inflammatory genes [24]. By using
immunoblot analysis, we found a substantial decrease in p65
and an increase in IxBa expression in septic mice kidneys
upon PNP treatment compared with the control group. This



finding indicated that PNP treatment can alleviate kidney
injury through modulating the NF-«B signaling pathway.

The limitation of this paper is that we found that Panax
notoginseng powder caused a certain reduction in the sur-
vival rate of rats in the sham-operated group. According to
the previously published literature [30, 31], we found that
Panax notoginseng has certain toxic and side effects, mainly
on the heart, which may be the reason for the death of rats as
shown in Figure 1. Therapeutic drugs have toxic and side
effects at the same time of treatment, which is a problem that
should be comprehensively considered. In conclusion, as
depicted in the schematic diagram (shown in Figure 7), we
demonstrated that PNP protected the kidney functions and
alleviated inflammation through modulating the NF-«B p65
signaling pathway in the rats with sepsis-induced acute
kidney injury. Therefore, PNP might be considered as one of
the potential therapeutic drugs to target sepsis-induced AKI.
However, the detailed mechanisms through which PNP can
modulate the NF-«B signaling pathway and immune
functions to mitigate AKI will also need to be investigated in
the near future, and we will further optimize the dose and
concentration of PNP in order to avoid side effects as far as
possible in the near future and pay attention to the indicators
of the heart.

Data Availability

The data that support the findings of this study can be made
available from the corresponding author Yue-Xing Tu upon
reasonable request.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Authors’ Contributions

Design was given by Yue-Xing Tu. Data curation was carried
out by Di-Wen Shou, Jian-Biao Meng, Zhi-Zhen Lai, Li-Sha
Pang, and Mu-Hua Dai. Experimental was proposed by Zi-
Lin Yu and Xue Yang. Writing was performed by Xue Yang.
Di-Wen Shou and Zi-Lin Yu contributed equally.

Acknowledgments

This work was supported by the Zhejiang Provincial Ad-
ministration of Traditional Chinese Medicine (2018ZA012
and 202127004 to Yue-Xing Tu).

References

[1] M. Godin, P. Murray, and R. L. Mehta, “Clinical approach to
the patient with AKI and sepsis,” Seminars in Nephrology,
vol. 35, no. 1, pp. 12-22, 2015.

[2] S. M. Parikh, Y. Yang, L. He, C. Tang, M. Zhan, and Z. Dong,
“Mitochondrial function and disturbances in the septic kid-
ney,” Seminars in Nephrology, vol. 35, no. 1, pp. 108-119, 2015.

[3] M. Heeg, A. Mertens, D. Ellenberger, G. A. Miiller, and
D. Patschan, “Prognosis of AKI in malignant diseases with
and without sepsis,” BMC Anesthesiology, vol. 13, no. 1, p. 36,
2013.

Evidence-Based Complementary and Alternative Medicine

[4] B. Sileshi and A. Shaw, “Protocolized care for critically ill
patients with AKI,” Nature Reviews Nephrology, vol. 11, no. 1,
pp. 10-11, 2015.

[5] M. N. Uddin Chy, M. Adnan, M. R. Chowdhury et al,

“Central and peripheral pain intervention by Ophiorrhiza

rugosa leaves: potential underlying mechanisms and insight

into the role of pain modulators,” Journal of Ethno-

pharmacology, vol. 276, Article ID 114182, 2021.

M. S. Bari, L. Khandokar, E. Haque et al., “Ethnomedicinal

uses, phytochemistry, and biological activities of plants of the

genus Gynura,” Journal of Ethnopharmacology, vol. 271,

Article ID 113834, 2021.

[7] J. Fernandez, B. Silvan, R. Entrialgo-Cadierno et al., “Anti-

proliferative and palliative activity of flavonoids in colorectal

cancer,” Biomedicine and pharmacotherapy = Biomedecine

and pharmacotherapie, vol. 143, Article ID 112241, 2021.

T. E. Tallei, Fatimawali, N. J. Niode et al., “A comprehensive

review of the potential use of green tea polyphenols in the

management of COVID-19,” Evidence-based Complementary

and Alternative Medicine: eCAM, vol. 2021, Article ID

7170736, 13 pages, 2021.

[9] M. M. Rahman, A. S. M. A. Reza, M. A. Khan et al,
“Unfolding the apoptotic mechanism of antioxidant
enriched-leaves of Tabebuia pallida (lindl.) miers in EAC cells
and mouse model,” Journal of Ethnopharmacology, vol. 278,
Article ID 114297, 2021.

[10] E. K. Akkol, I. T Tatls, G. S. Karatoprak et al., “Is emodin with

anticancer effects completely innocent? Two sides of the coin,”

Cancers, vol. 13, no. 11, 2021.

S. Ahmed, H. Khan, M. Aschner, H. Mirzae, E. Kiipeli Akkol,

and R. Capasso, “Anticancer potential of furanocoumarins:

mechanistic and therapeutic aspects,” International Journal of

Molecular Sciences, vol. 21, no. 16, 2020.

P. Tagde, P. Tagde, F. Islam et al., “The multifaceted role of

curcumin in advanced nanocurcumin form in the treatment

and management of chronic disorders,” Molecules, vol. 26,

no. 23, 2021.

[13] M. M. Rahman, F. Islam, A. Parvez et al., “Citrus limon
L. (lemon) seed extract shows neuro-modulatory activity in an
in vivo thiopental-sodium sleep model by reducing the sleep
onset and enhancing the sleep duration,” Journal of Inte-
grative Neuroscience, vol. 21, no. 1, p. 42, 2022.

[14] Y. Hu, J. Sun, T. Wang et al., “Compound Danshen Dripping

Pill inhibits high altitude-induced hypoxic damage by sup-

pressing oxidative stress and inflammatory responses,”

Pharmaceutical Biology, vol. 59, no. 1, pp. 1585-1593, 2021.

W. Xie, X. Meng, Y. Zhai et al., “Panax notoginseng saponins:

a review of its mechanisms of antidepressant or anxiolytic

effects and network analysis on phytochemistry and phar-

macology,” Molecules, vol. 23, no. 4, 2018.

[16] J. Wang, Q. Wang, and J. Zhu, “Effects of panax notoginseng
saponins on endothelial function of patients with unstable
angina,” Journal of Clinical Healthcare, vol. 5, no. 3, 2002.

[17] J. C. Alverdy, R. Keskey, and R. Thewissen, “Can the cecal
ligation and puncture model Be repurposed to better inform
therapy in human sepsis?” Infection and Immunity, vol. 88,
no. 9, 2020.

[18] Y.-M. Li, J. Zhang, L.-J. Su, J. A. Kellum, and Z.-Y. Peng,
“Downregulation of TIMP2 attenuates sepsis-induced AKI
through the NF-xb pathway,” Biochimica et Biophysica
Acta—Molecular Basis of Disease, vol. 1865, no. 3, pp. 558—
569, 2019.

[19] S. Dellepiane, M. Marengo, and V. Cantaluppi, “Detrimental
cross-talk between sepsis and acute kidney injury: new

[6

[8

(11

[12

(15



Evidence-Based Complementary and Alternative Medicine

[20]

(21]

(22]

(23]

(24]

(25]

(26]

(27]

(28]

(29]

(30]

(31]

pathogenic mechanisms, early biomarkers and targeted
therapies,” Critical Care, vol. 20, no. 1, p. 61, 2016.

S. Peerapornratana, C. L. Manrique-Caballero, H. Gémez, and
J. A. Kellum, “Acute kidney injury from sepsis: current
concepts, epidemiology,” Pathophysiology, prevention and
treatment, Kidney International, vol. 96, no. 5, pp. 1083-1099,
2019.

Y. Pan, X. Zhang, Y. Wang et al., “Targeting JNK by a new
curcumin analog to inhibit NF-kB-mediated expression of cell
adhesion molecules attenuates renal macrophage infiltration
and injury in diabetic mice,” PLoS One, vol. 8, no. 11, Article
ID e79084, 2013.

W. C. Prozialeck and J. R. Edwards, “Cell adhesion molecules
in chemically-induced renal injury,” Pharmacology and
Therapeutics, vol. 114, no. 1, pp. 74-93, 2007.

J. V. Bonventre, “Pathophysiology of acute kidney injury:
roles of potential inhibitors of inflammation,” Contributions
to Nephrology, vol. 156, pp. 39-46, 2007.

Y. Chen, S. Jin, X. Teng et al., “Hydrogen sulfide attenuates
LPS-induced acute kidney injury by inhibiting inflammation
and oxidative stress,” Oxidative Medicine and Cellular Lon-
gevity, vol. 2018, Article ID 6717212, 10 pages, 2018.

N. Parameswaran and S. Patial, “Tumor necrosis factor-«
signaling in macrophages,” Other, vol. 20, no. 2, 2010.

L.J. Egan and S. M. Slevin, “New insights into the mechanisms
of action of anti-tumor necrosis factor-alpha monoclonal
antibodies in inflammatory bowel disease,” Inflammatory
Bowel Diseases, vol. 21, no. 12, pp. 2909-2920, 2015.

C. H. Tung, M. C. Lu, N. S. Lai, and S. F. Wu, “Tumor necrosis
factor-a blockade treatment decreased CD154 (CD40-ligand)
expression in rheumatoid arthritis,” PLoS One, vol. 12, no. 8,
181 pages, Article ID 0183726, 2017.

X. Li, M. Shao, X. Zeng, P. Qian, and H. Huang, “Signaling
pathways in the regulation of cytokine release syndrome in
human diseases and intervention therapy,” Signal Transduc-
tion and Targeted Therapy, vol. 6, no. 1, p. 367, 2021.

Q. Ren, F. Guo, S. Tao, R. Huang, L. Ma, and P. Fu, “Flavonoid
fisetin alleviates kidney inflammation and apoptosis via
inhibiting Src-mediated NF-«B p65 and MAPK signaling
pathways in septic AKI mice,” Biomedicine and Pharmaco-
therapy, vol. 122, Article ID 109772, 2020.

C.Li, T. Xu, P. Zhou et al., “Post-marketing safety surveillance
and re-evaluation of Xueshuantong injection,” BMC Com-
plementary and Alternative Medicine, vol. 18, no. 1, p. 277,
2018.

L. D. Wang, Z. M. Xu, X. Liang et al., “Systematic review and
meta-analysis on randomized controlled trials on efficacy and
safety of panax notoginseng saponins in treatment of acute
ischemic stroke,” Evidence-based Complementary and Alter-
native Medicine: eCAM, vol. 2021, Article ID 4694076,
17 pages, 2021.



