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Background: Diabetic kidney disease (DKD) is a chronic progressive disorder which is a
leading cause of chronic kidney disease (CKD). As an important pathogenesis of DKD, the
overproduction of reactive oxygen species (ROS) and the inflammatory response have
been considered central mediators in the progression of DKD. Herbal products are
increasingly being applied as antioxidants and anti-inflammatory agents. Of those, the
effect of hydroxyl safflower yellow A (HSYA) on oxidative stress and inflammatory reactions
has gradually been investigated for DKD treatment, which may provide therapies for DKD
with new insights and promote its application in clinical practice.

Methods:We searched CNKI, the Chinese Biomedical Literature Database, the Wanfang
Database, PubMed, and Embase from the establishment date of the database to 22 April
2022. The included literature in our study was randomized controlled trials (RCTs) using
HSYA to treat DKD. We performed a meta-analysis by calculating the standard mean
difference (SMD) with a 95% confidence interval (CI). The inverse-variance method with a
random effect was used in our meta-analysis using Stata software and RevMan software.

Results: A total of 31 articles with 31 groups containing a total of 2487 participants were
included in this meta-analysis. The pooled results showed a statistical improvement in the
following measurements: fasting blood glucose (FBG), postprandial blood glucose (PBG),
blood urea nitrogen (BUN), urinary albumin excretion rates (UAER), serum creatinine (SCR),
hypersensitive C-reactive protein (hsCRP), interleukin-6 (IL-6), tumor necrosis factor-α (TNF-
α), fasting insulin (FINS), total cholesterol (TC), triglycerides (TGs), hemoglobin A1c (HbA1C),
homeostasis model assessment insulin resistance (HOMA-IR), andmalondialdehyde (MDA).

Conclusion: HSYA can effectively treat DKD by inhibiting inflammatory reactions and
oxidative stress, decreasing blood glucose and blood lipids, and improving renal function
indices. However, more RCTs are still needed in the future to further demonstrate the effect
of HSYA on biomarkers of oxidative stress and inflammatory reactions in patients with DKD
due to the low quality and small sample size of the literature included in this study.
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INTRODUCTION

Of the long-term complications of diabetes, diabetic kidney
disease (DKD) imposes the highest burden in terms of
financial cost and daily life effects, leading to increasing cases
of end-stage renal disease (ESRD) (Mottl et al., 2022; Thomas
et al., 2015). Current Western medicine (WM) treatment for
DKD focuses on the intense control of glycemic levels and blood
pressure and is inadequate at postponing an apparent progression
to end-stage renal disease (ESRD) in patients (Fernandez-
Fernandez et al., 2014), forcing us to explore more effective
treatments and further optimize protection in DKD.

Safflower (Carthamus tinctorius L.), a traditional Chinese
medicine plant, is widely used to improve cardiovascular and
cerebrovascular diseases in China and for scavenging oxygen-free
radicals, reducing inflammatory infiltration, and inhibiting
inflammatory apoptosis (Xue et al., 2021). Safflower yellow is
the main active component extracted from safflower, containing
safflower yellow A, safflower yellow B, and hydroxyl safflower
yellow A (HSYA) (Xue et al., 2021; Qi et al., 2014). HSYA is the
major bioactive index component among these components,
accounting for 85% of safflower yellow (Fangma et al., 2021).
HSYA has been commonly used in treating cardiovascular and
cerebrovascular diseases in China and to scavenge oxygen-free
radicals, reduce inflammatory infiltration, and inhibit apoptosis
(Xue et al., 2021). Recently, several reviews and meta-analyses
(SRs/MAs) have indicated that HSYA can significantly improve
DKD by enhancing the total effective rate and reducing urinary
albumin excretion rates (UAERs), serum creatinine (SCR), and
blood urea nitrogen (BUN) levels (Yang et al., 2018; Wang et al.,
2019a; Wang et al., 2019b; Jin et al., 2019; Xu et al., 2019).
However, the underlying mechanism implicated in the role of
HSYA in DKD remains unclear. In some human trials, some
randomized controlled trials (RCTs) have discussed the
therapeutic effect of HSYA on oxidative stress and the
inflammatory response in patients with DKD (Yin, 2018;
Zhang, 2018). However, there are some controversies about
the therapeutic effect of HSYA on biomarkers of oxidative stress.

Additionally, multiple factors, including small sample sizes,
the duration of intervention, and small study effects, can often
affect the reliability of conclusions about the antioxidant or anti-
inflammatory properties of HSYA in treating DKD. Moreover,
the adverse effects of HSYA in managing patients with DKD
remain unclear. Furthermore, whether the methodological
quality and publication bias may overstate the efficacy of
HSYA is still uncertain.

Therefore, this meta-analysis aimed to assess existing RCTs
using HSYA to treat patients with DKD, clarifying the effect of
HSYA on oxidative stress and inflammatory cytokines in patients
with DKD. The effect of HSYA on indices related to renal
function, blood glucose, and lipids was further assessed in this
study. Additionally, the pathogenesis of DKD from the ROS and
inflammatory response perspective was further elucidated in this
study. The multitargeted antioxidative stress and anti-
inflammatory properties of HSYA provide valuable references
and implications for alternative therapies and promote the
application of HSYA in clinical practice.

METHODS

We performed this meta-analysis by following the guidelines in
the Cochrane handbook, preferred reporting items for systematic
reviews and meta-analyses protocols (PRISMA-P) (Moher et al.,
2016), and PRISMA (Page et al., 2021) (see Supplementary Table
S3). Our study was registered in PROSPERO (CRD
42021235689). The PRISMA-ScR checklist was utilized to
check the study.

Search Strategies
In this study, RCTs on the effect of HSYA combined withWM on
antioxidant and anti-inflammatory properties in patients with
DKD were searched for in the CNKI, Chinese Biomedical
Literature Database, Wanfang Database, PubMed, and Embase
databases. The included literature was only in Chinese or English,
and the retrieval date was from the establishment date of the
database to 22 April 2022. We also searched all ongoing RCTs on
related websites, such as ISRCTN (the International Standard
Randomized Controlled Trial Number register). The keywords
were as follows: (“hydroxyl safflower yellow A” or “hydroxyl
safflower yellow pigment A” or “safflower yellow”) and
(“nephropathies, diabetic” or “nephropathy, diabetic” or
“diabetic nephropathy” or “diabetic kidney disease” or
“diabetic kidney diseases” or “kidney disease, diabetic” or
“kidney diseases, diabetic” or “diabetic glomerulosclerosis” or
“glomerulosclerosis, diabetic” or “intracapillary
glomerulosclerosis” or “nodular glomerulosclerosis” or
“glomerulosclerosis, nodular”). In addition, references were
manually searched to avoid missing relevant literature studies.
The related literature was imported into document management
software (EndNote version X9).

Inclusion and Exclusion Criteria
We checked each article by following predefined criteria. The
literature inclusion criteria were as follows: 1) participants: the
included participants were patients with DKD; 2) interventions:
based on the treatment of the control group, HSYA was given
intravenously, and the dose, frequency, or duration was not
restricted; 3) comparison: the comparison was set as Western
medicine, other conventional treatments, Western medicine
combined with other conventional treatments, or other
traditional Chinese medicine injections; 4) outcomes: the
primary outcomes were measurement fasting blood glucose
(FBG), serum creatinine (SCR), postprandial blood glucose
(PBG), UAER, and blood urea nitrogen (BUN) levels. The
secondary outcomes were indices related to antioxidant and
anti-inflammatory properties, which were mainly superoxide
dismutase (SOD), glutathione peroxidase (GSH-Px),
malondialdehyde (MDA), nuclear factor-κB (NF-κB),
interleukin-10 (IL-10), interleukin-6 (IL-6), tumor necrosis
factor-α (TNF-α), interleukin-1β (IL-1β), and hypersensitive
C-reactive protein (hsCRP). Other outcomes were biochemical
indices, including fasting insulin (FINS), homeostasis model
assessment of insulin resistance (HOMA-IR), adverse
reactions, triglycerides (TGs), total cholesterol (TC), and
hemoglobin A1c (HbA1c) levels.
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The literature exclusion criteria were as follows: the research
subject was non-DKD, and the research objects were cells or
animal models, conference articles, letters, commentary articles,
editorials, and studies where complete data could not be obtained
from the literature by contacting the corresponding authors;
HSYA was administered by nonvenous means. We only
included RCTs published in English and Chinese, whereas
non-RCTs, such as reviews, meta-analyses, or case reports,
were excluded.

Study Selection
We searched the literature by reference to the predefined
keywords. The retrieved literature was imported into EndNote
X9 software, and then, by reading titles and abstracts, two
researchers independently screened the literature. Finally, the
full text was checked to ensure that it met the inclusion criteria.
Any difference between the two researchers was further resolved
by discussion with a third researcher.

Data Extraction
Two researchers independently carried out data extraction, and a
third researcher checked the extracted data. The following data
were extracted: the first author, the published year, the number of
participants in the intervention group and the control group, the
duration of intervention, the dose of HSYA, and the measured
outcomes, including IL-1β, IL-6, IL-10, TNF-α, NF-κB, SOD,
GSH-Px, MDA, FBG, SCR, PBG, UAER, and BUN.

Study Quality Assessment
By using the Cochrane Collaborations tool (Higgins et al., 2011),
we evaluated the study’s quality using the following seven criteria:

1) randomness of sequence generation, 2) the concealment of
allocation, 3) blindness of participants and staff, 4) blindness in
outcome assessment, 5) incompleteness of resulting data, 6)
selective reporting bias, and 7) other possible biases. Two
authors independently performed this process. A third person
resolved any ambiguity or discrepancy in this course.

Strategy for Data Analysis
When pooling the results, for all the included data that were
continuous variables, the standard mean difference (SMD) with
95% confidence interval (CI) by inverse-variance with a random
effect was calculated. I2 statistics or Cochran’s Q test was
calculated to detect the magnitude of heterogeneity (Fu et al.,
2022). For Cochrane’s Q test, when p < 0.1, we considered the
results to indicate significant heterogeneity; for I2 statistics, when
the I2 value was > 50%, we considered the results to indicate
significant heterogeneity. The publication bias and small-study
effect were estimated by Begg’s test and Egger’s test. The
subgroup was taken by the dose and duration of intervention.
Sensitivity analyses were performed by removing one study at a
time to evaluate the robustness of the results. All statistical
analyses were performed by Review Manager software
(RevMan, V.5.3 for Macintosh; The Cochrane Collaboration)
and Stata software version 15.1 (Stata Corporation).

RESULTS

Literature Screening Results
A total of 176 literature items were initially obtained, and the
flow chart is presented in Figure 1. After removing duplicate

FIGURE 1 | Flow chart.
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studies, 85 articles remained. Based on the title or abstracts, we
excluded 40 articles. Forty-five articles were checked by
browsing the full-text review. According to the predefined
inclusion and exclusion criteria, we only selected a total of
31 articles (Yin, 2018; Zhang, 2018; Guo et al., 2008; Guo and
Jiao, 2010; Yang and Yang, 2010; Zhang, 2010; Yang et al.,
2011; Bai et al., 2012; Zhi and Wang, 2012; Qiu et al., 2013;
Zhao and Zhao, 2013; Xu and He, 2014; Yu et al., 2014; Zhang,
2014; Gao et al., 2015a; Gao et al., 2015b; Gao et al., 2015c;
Fang, 2015; Shi, 2015; Wang et al., 2016; Bao et al., 2017a; Bao
et al., 2017b; Wang et al., 2017; Yang, 2017; Xie et al., 2018; Liu
et al., 2019; Wu et al., 2019; Xiao and Gu, 2019; Xu and Shou,
2019; Guo, 2020; Wang et al., 2021a) for the meta-analysis. All
the included articles were published in China, all the included
populations were Chinese, and a total of 2487 participants
were involved in this study. (See Supplementary Table S3 for
details).

QUANTITATIVE DATA ANALYSIS

Effect of Hydroxyl Safflower Yellow A on
Indicators Related to Blood Glucose and
Blood Lipids
Compared with the control group, the pooled results of
14 trials showed that the HSYA group had lower FBG levels
(SMD = −0.63; 95% CI: −1.05, −0.21; p = 0.003; PHe < 0.001;
I2 = 91.8%) (Supplementary Figure S1). Eight groups
evaluating PBG levels demonstrated similar results
(SMD = −0.51; 95% CI: −0.98, −0.03; p = 0.038; PHe <
0.001; I2 = 90.7%) (Supplementary Figure S2). The HSYA
group also had a better effect on HOMA-IR (SMD = −1.35;
95% CI: −2.06, −0.65; p < 0.001; PHe < 0.001; I2 = 90.8%)
(Supplementary Figure S3) and on HbA1C (SMD = −0.55;
95% CI: −1.11, −0.00; p = 0.05; PHe < 0.001; I2 = 87.4%)
(Supplementary Figure S4). Similarly, the HSYA group had
lower TC (SMD = −1.03; 95% CI: −1.25, −0.80; p < 0.001; PHe <
0.001; I2 = 85.8%) (Supplementary Figure S5), TG levels

(SMD = −1.05; 95% CI: −1.28, -0.82; p = 0.002; PHe <
0.001; I2 = 89.5%) (Supplementary Figure S6), and the
FINS level was also lower than that of the control group
(SMD = −1.58; 95% CI: −2.80, −0.36; p = 0.011; PHe <
0.001; I2 = 95.1%) (Supplementary Figure S7). However,
one problem we cannot ignore is that the results of all the
aforementioned indicators had significant heterogeneity.

Effect of Hydroxyl Safflower Yellow A on
Biomarkers of Inflammation
In this meta-analysis, the effects of HSYA on the following
inflammatory biomarkers were recorded: hsCRP, IL-6, IL-10,
and TNF-α. The results were pooled by using a random effects
model. There was a significant decrease following HSYA
administration in hsCRP (SMD = −1.96; 95% CI:
−2.55, −1.38; p = 0.000; PHe < 0.001; I2 = 91.7%)
(Supplementary Figure S8), IL-6 (SMD = −1.94; 95% CI:
−2.79, −1.10; p = 0.000; PHe < 0.001; I2 = 94.9%)
(Supplementary Figure S9), IL-10 (SMD = −0.96; 95% CI:
−1.29, −0.64; p = 0.000; PHe = 0.507; I2 = 0%), and TNF-α
(SMD = −1.32; 95% CI: −1.96, −0.67; p = 0.000; PHe < 0.001;
I2 = 89.7%) (Supplementary Figure S10).

Effect of Hydroxyl Safflower Yellow A on
Biomarkers of Oxidative Stress
The indicators of the effect of HSYA on oxidative stress in
patients with DKD included SOD, MDA, and GSH-Px. A total
of three articles reported that HSYA can produce a change in
SOD levels (SMD = 0.76; 95% CI: 0.00, 1.52; p = 0.050; PHe <
0.001; I2 = 89.9%) (Supplementary Figure S11). Consistently, a
total of four articles assessed whether HSYA can decrease MDA
levels (SMD = −1.63; 95% CI: −2.69, −0.57; p = 0.003; PHe <
0.001; I2 = 95.0%) (Supplementary Figure S12). Only two
articles evaluated the effects of HSYA on GSH-Px (SMD =
0.88; 95% CI: 0.57, 1.19; p = 0.000; PHe < 0.001; I2 = 92.7%),
which indicated that HSYA increased GSH-Px levels. According
to the results, we can conclude that HSYA therapy may have a

FIGURE 2 | Methodological quality of the included studies (risk of bias).
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significant effect on increasing SOD and GSH-Px levels and
decreasing MDA levels in DKD. Publication bias was not
conducted due to the limited number of articles included.

Effect of Hydroxyl Safflower Yellow A on
Renal Indicators
Compared with the control group, the pooled results of 13 trials
showed that HSYA could significantly decrease BUN levels
(SMD = −1.67; 95% CI: −2.25, −1.08; p = 0.000; PHe < 0.001;
I2 = 94.6%) (Supplementary Figure S13). The pooled results of
24 groups assessing the UAER indicated a significant decrease
(SMD = −1.58; 95% CI: −2.04, −1.12; p = 0.000; PHe < 0.001; I2 =
94.4%) (Supplementary Figure S14). Similarly, 15 groups
reported that the HSYA group had a lower SCR
(SMD = −0.77; 95% CI: −1.27, −0.26; p = 0.003; PHe < 0.001;
I2 = 94.4%) (Supplementary Figure S15). However, there was
significant heterogeneity in the results of all the aforementioned
indicators.

Publication Bias
We used Begg’s test and Egger’s test to detect publication bias.
There were no publication biases for FBG by Begg’s test (p =
0.208) and Egger’s test (p = 0.206), for PBG by Begg’s test (p =
0.322) and Egger’s test (p = 0.227), for TNF-α by Begg’s test
(p = 0.624) and Egger’s test (p = 0.248), and for SCR by Begg’s
test (p = 0.216) and Egger’s test (p = 0.053). There were
significant publication biases for hsCRP by Begg’s test (p =
0.012) and Egger’s test (p = 0.005), for IL-6 by Egger’s test (p =
0.009), for BUN by Begg’s test (p = 0.002) and Egger’s test (p =
0.000), and for the UAER by Begg’s test (p = 0.000) and Egger’s
test (p = 0.003). We used the Duval and Tweedie
nonparametric/trim and fill method in missing theoretical
studies. However, the pooled SMDs of BUN, IL-6, hsCRP,
and UAER were not significantly changed. We did not detect
publication bias for IL-10, SOD, MDA, TG, TC, HbA1c,
HOMA-IR, FINS, IL-10, and GSH-Px due to the limited
number of studies.

Subgroup Analysis and Sensitivity Analysis
We performed subgroup analysis by dosage and duration to
explore the possible source of heterogeneity (see
Supplementary Table S3 for details). We did not perform
the subgroup analysis for the limited number of included
studies in some indicators. According to the results of
subgroup analysis, we found that when the dosage of HSYA
was ≤ 100 mg or the duration was ≤ 4 weeks, the pooled results
were more significant than when the dosage of HSYA was >
100 mg or the duration was > 4 weeks, which applies to other
indicators as well, such as hsCRP, BUN, and UAER. For the
underrepresentation in trials, whether the duration or dosage
made a difference in IL-10, TNF-α, HOMA-IR, TC, TG, and
MDA levels is unclear. It was suggested that the heterogeneity
remained high for those indicators, including hsCRP, IL-6,
TNF-α, FBG, BUN, UAER, and SCR. The heterogeneity was
reduced when the dosage of HSYA was >100 mg, and the
duration was >4 weeks for the UAER. When the duration
was <4 weeks, heterogeneity for FBG, TG, and TC was
reduced.

Additionally, we found that subgroup analysis failed to
identify changes in FBG when the dosage of HSYA

FIGURE 3 | Methodological quality of the included studies (risk of bias).
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was >100 mg (SMD = −0.37; 95% CI: −1.32, 0.57; p = 0.437; I2 =
86.1%; PHe = 0.007) or when the duration was <4 weeks
(SMD = −0.52; 95% CI: −1.17, 0.12; p = 0.112; I2 = 93.5%;
PHe < 0.001). The effect of HSYA on UAER was not
significantly different when the duration was 3 weeks
(SMD = −0.70; 95% CI: −2.70, 1.29; p = 0.499; I2 = 98.0%;
PHe < 0.001). The effect of HSYA on SCR was not significantly
different when the duration was <4 weeks (SMD = −0.58; 95%
CI: −1.36, 0.21; p = 0.148; I2 = 95.4%; PHe < 0.001).

In addition, we performed sensitivity analysis for all the
included indicators. More details are shown in
Supplementary Table S3. The results for sensitivity-pooled
SMD were not significant for PBG when excluding the study
reported by Guo (2020) and for SOD as well as FINS when
excluding the study reported by Bao et al. (2017a).

Quality Assessment
We assessed all the included studies’ methodological quality and
bias by using the Cochrane Collaborations tool. The ROB
summary is shown in Figure 2 and Figure 3. Overall, the
included studies were of low quality.

DISCUSSION

DKD is characterized by a complex interaction of
hemodynamic and metabolic factors, including
overproduction of advanced glycation end-products
(AGEs) and increased expression of proinflammatory
cytokines such as interleukin-1 (IL-1), interleukin-6 (IL-
6), and tumor necrosis factor-α (TNF-α) (Mottl et al.,
2022; Navarro-González et al., 2011a). For the etiology of
DKD at the cellular and molecular levels, oxidative stress and
inflammatory reactions are currently considered critical
pathophysiological mechanisms in the progression of
DKD (Navarro-González et al., 2011a; Navarro-González
et al., 2011b; Arora and Singh, 2014). Therefore, by
targeting the inflammatory mechanisms and oxidative
stress involved in DKD, more innovative anti-
inflammatory and antioxidant therapeutic strategies have
been gradually identified.

To optimize therapeutic strategies in DKD, increasing
attention is given to Chinese herbal medicine (CHM) and
its bioactive ingredients in DKD drug research. This, in
combination with conventional treatments, can exert a
pleiotropic action profile and may simultaneously obtain
higher efficacy in treating DKD by intervening in the
fundamental processes in the pathogenesis of DKD
(Meresman et al., 2021). Hydroxyl safflower yellow A
(HSYA), belonging to the monochalcone glycoside
structure, is extracted from safflower (Carthamus tinctorius
L.) and is a chief bioactive compound (Li et al., 2021a).
Modern pharmacology and molecular biology studies have
verified that HSYA can exert anti-inflammatory, antioxidant
(He et al., 2021), and antiischemia reperfusion injury (Bai
et al., 2020) effects and is widely used in the treatment of acute
or chronic cardiovascular and cerebrovascular diseases (Xu

et al., 2021; Geng et al., 2018). It has been shown to play a role
in ameliorating cognitive impairment (Zhang et al., 2021a),
rheumatic diseases (Tsiogkas et al., 2021), and osteoporosis
(Wang et al., 2021b) and regulating glucose and lipid
metabolism (Sun et al., 2021), providing new perspectives
for exploring the development and application of HSYA in
the health care industry (Sun et al., 2021).

This meta-analysis analyzed and summarized the levels of
oxidative stress indicators and inflammatory mediators in
patients with DKD. The pooled results indicated that the
intravenous infusion of HSYA can significantly improve
oxidative stress and the inflammatory response and could
produce a better therapeutic effect than conventional
Western medicine alone. The results in this meta-analysis
also showed that the effect of HSYA can significantly reduce
the level of SCR and UAER, which is consistent with the
results reported by other meta-analyses (Jin et al., 2019; Wang
et al., 2019b). Moreover, no adverse effects occurring in these
clinical trials were reported by researchers. Therefore, the
efficacy of HSYA on patients with DKD was significant and
resulted in a better effect on antioxidant and anti-
inflammatory indicators in combination with conventional
Western medical treatment. Antioxidant and anti-
inflammatory therapies of HSYA may contribute to
relieving the degree of oxidative stress and inflammatory
response and improving renal function, glucose
metabolism, lipid metabolism, survival rate, and even the
quality of life.

The potential relationship between oxidative stress and
diabetes has generated considerable interest over the past
decade. Oxidative stress is mainly due to the imbalance
between oxidation and endogenous antioxidant capacity
(Salim, 2014; Sureshbabu et al., 2015; Gyurászová et al.,
2020), which can activate an inflammatory cascade, thus
causing chronic local inflammatory stress in the kidney.
The production of oxygen-free radicals increases in
persistent hyperglycemia caused by autoxidation of
glucose, which may further produce a series of
disturbances in glucose and lipid metabolism and
ultimately result in tissue and organ damage (Forman and
Zhang, 2021; Sies, 2015). HSYA is regarded as a natural
antioxidant with many beneficial effects in decreasing ROS
and oxidative stress in cells. Several animal studies and cell
studies demonstrated that HSYA could improve DKD by
attenuating oxidative stress. In some animal studies,
treatment with HSYA can significantly increase SOD and
GSH-Px levels and protect kidney function in DKD in HFD-
and STZ-induced rats while significantly decreasing
malondialdehyde (MDA) in serum and renal tissues (Zhou
et al., 2017; Lee et al., 2020; Zhao et al., 2021a; Zhao, 2021). In
cell studies, HSYA was demonstrated to protect against renal
podocyte damage (Xie and Zhou, 2021) and injury in
glomerular mesangial cells (Xiao et al., 2016) induced by
high glucose by inhibiting oxidative stress. Furthermore,
HSYA can have a protective effect on H2O2-induced
oxidative stress injury of endothelial cells (Cui et al., 2019)
and can retard the calcification of vascular smooth muscle
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cells induced by hyperphosphatemia through the inhibition
of oxidative stress (Han, 2020). In human trials, mounting
evidence has demonstrated that HSYA can attenuate
oxidative stress in some acute or chronic diseases (Du and
Deng, 2019; Li and Zhang, 2020; Liu et al., 2020), such as
coronary heart disease and cerebral infarction, which is
similar to the results of our meta-analysis. Based on the
experiments mentioned earlier, we speculate that HSYA
can have a renoprotective role in DKD, and the underlying
mechanisms of HSYA in DKD may be linked to its
antioxidant properties.

Inflammatory cytokines, including TNF-α, IL-10, and IL-
6, are considered a cardinal pathogenetic mechanism in the
genesis and progression of DKD (Navarro-González et al.,
2011a). Compared with healthy controls, patients with DKD
can secrete a higher serum and urinary level of TNF-α,
indicating that TNF-α can be a potential prognostic
biomarker in postponing the progression of DKD
(Moriwaki et al., 2003). The results reported indicate that
genetic variations at the IL-10 promoter increase the risk of
DKD, which may be a potential DKD genetic-susceptibility
locus (Mtiraoui et al., 2009). Moreover, compared with
diabetic patients without DKD, those with DKD can
present with higher serum IL-6 levels, and certain
polymorphisms in the IL-6 gene are carried in patients
with type 2 diabetes mellitus (T2DM), which can
contribute to the development of DKD (Feigerlová and
Battaglia-Hsu, 2017). Thus, by targeting these
inflammatory pathways in the context of DKD, the
therapeutic strategy of HSYA is translated into the
treatment of DKD. Many researchers have demonstrated
that HSYA can decrease inflammatory cytokine levels, such
as TNF-α, nuclear factor-κB (NF-κB), IL-6, IL-β, and IL-10,
in animal models of STZ-induced DKD (Lee et al., 2020;
Zhao, 2021; Zhao et al., 2021b; Xing, 2021). Consistent with
the results mentioned earlier, our meta-analysis also showed
that HSYA could exert an anti-inflammatory effect in patients
with DKD. In addition, HSYA can alleviate hsCRP serum
levels. Therefore, we may conclude that HSYA can have a
potential effect of lowering some inflammatory markers
among patients with DKD. Nevertheless, for the limited
studies included, the result in our meta-analysis showed
that HSYA may contribute to lower IL-10, which is
contrary to the anti-inflammatory properties of HSYA.
Moreover, it is still necessary to conduct additional
prospective studies to explore different doses of HSYA and
different durations of supplementation and their effects on
biomarkers of inflammation. Dyslipidemia and
hyperglycemia together lead to a microinflammatory state
and the production of reactive oxygen species (ROS), which
can thus promote inflammation, oxidative stress, lipid
peroxidation, and vesicular transport dysfunction
(Martínez-García et al., 2015; Meex et al., 2019), further
contributing to cellular damage. Thus, the regulation of
lipid and glucose metabolism is critical for alleviating
DKD. A series of studies have shown that HSYA can
regulate glucose and lipid metabolism by inhibiting the

apoptosis of pancreatic β-cells, improving insulin
resistance, and regulating glycolipid metabolism, which is
related to its antioxidant and anti-inflammatory activities
in vitro (Liao et al., 2019). In our meta-analysis, the results
showed that HSYA can significantly reduce FBG, PBG, FINS,
HOMA-IR, TG, TC, and HbA1c levels, contributing to the
promotion of the use of HSYA in clinical practice for diabetes.

Multiple signaling pathways may be involved in the
molecular mechanisms of antioxidant and anti-
inflammatory HSYA properties in the treatment of DKD.
Molecular targets and signaling pathways related to
protecting the kidney from injury led by oxidative stress
and inflammatory reactions caused by hyperglycemia
might include the inhibition of protein kinase C-/rat
sarcoma-rapidly accelerated fibrosarcoma-MEK-
extracellular signal-regulated kinase (PKC/Ras-Raf-MEK-
ERK) signaling pathway (Zhao, 2021), the inhibition of the
c-Jun NH(2)-terminal kinase (JNK) signaling pathway
activation (Xie and Zhou, 2021), the inhibition of vascular
endothelial growth factor (VEGF) protein (Xie and Zhou,
2021), the inhibition of cleaved caspase-12, cleaved-PARP,
CHOP, p-eIF2α, GRP78, and miR-302a-3p (Zhang et al.,
2021b), the inhibition of miR-516a-5p (Li et al., 2021b),
and the activation of sirtuin1-nuclear factor-erythroid 2-
related factor 2 (SIRT1-Nrf2) (Zhang, 2020). To have a
good logic flow, a figure is given to indicate how HSYA
benefits on DKD (Supplementary Image S1). Overall, the
antioxidant and anti-inflammatory properties of HSYA could
intervene in the progression of DKD through multiple
signaling pathways.

Several limitations should be considered in this
systematic review and meta-analysis. Significant
heterogeneity was found in most pooled results, and
subgroup analysis by dosage and duration hardly reduced
the heterogeneity and the ultimate pooled results on most
targeted outcomes. However, the duration can affect the
stability of the results on SCR, UAER, and FBG outcomes,
thus deserving further study. The methodological quality of
the included studies was low, which may partly reduce the
reliability of the pooled studies. In addition, it is unclear
whether different doses of HSYA influence the therapeutic
effect on IL-6, IL-10, TNF-α, HOMA-IR, and MDA levels.
Furthermore, a firm conclusion cannot be drawn from the
limited number of articles, and small populations included
some biomarkers of inflammation and oxidative stress, such
as SOD, MDA, IL-10, and GSH-Px. The included
populations were mainly Chinese, which may also hinder
the promotion of this treatment for other races. Based on our
findings, it is necessary to explore the effect of HSYA and the
association between dose and intervention duration and
adverse effects by following the strict methodology of
RCTs and by including more populations. Last but not
least, for the treatment of DKD, it is imperative to pay
attention to long-term patient management; intravenous
administration can significantly reduce patient
compliance, and no clinical studies have been conducted
on the oral effect of HSYA in patients with DKD.
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CONCLUSION

It is prudent to develop and apply HSYA to treat and manage DKD.
By improving biomarkers of oxidative stress and the inflammatory
response, HSYA can efficiently attenuate the overactivation of ROS,
inhibit the production of proinflammatory cytokines, regulate blood
glucose and lipid levels, and improve renal function indices. The
mechanism of action of HSYA in patients with DKD may be linked
to its beneficial antioxidant and anti-inflammatory effects.
Exploration of the cellular and molecular basis of signaling
pathways will promote the application of HSYA for patients with
DKD and contribute to developing more and better treatments for
DKD. However, a multicenter, multiethnic, high-quality
randomized clinical trial is still needed in the future to further
demonstrate the effect of HSYA on oxidative stress and
inflammatory mediators in patients with DKD. It is also
imperative to conduct a study on the oral administration of HSYA.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in
the article/Supplementary Material; further inquiries can be
directed to the corresponding author.

AUTHOR CONTRIBUTIONS

All authors contributed to this protocol. SF, QZ, YG, JY, LY, ZL,
andQC drafted this protocol. The protocol was refined by QZ. QC,
and SF were responsible for the statistic. The manuscript was
approved by all the authors.

FUNDING

This study was funded by the Youth Science and Technology
Innovation Project of the Science and Technology Department
of Sichuan Province (grant no.2021049) and Construction and
Regional Promotion and Application of Intelligent
Management Innovation System of TCM for Metabolic
Diseases Based on Internet of Things Technology
(CKY2021088).

SUPPLEMENTARY MATERIAL

The SupplementaryMaterial for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fphar.2022.929169/
full#supplementary-material

REFERENCES

Arora, M. K., and Singh, U. K. (2014). Oxidative Stress: Meeting Multiple Targets
in Pathogenesis of Diabetic Nephropathy. Curr. Drug Targets 15 (5), 531–538.
[published Online First: 2014/03/25]. doi:10.2174/
1389450115666140321120635

Bai, X. M., Li, X. D., and Song, J. (2012). Effects of Safflower Yellow Pigment on hS-
CRP and IL-8 in Patients with Early Diabetic Nephropathy. Chin. J. Integr.
Traditional West. Med. Nephrop. 13 (8), 698–700. doi:10.3969/j.iSSN.1009-587-
x.2012.08.012

Bai, X., Wang, W. X., Fu, R. J., Yue, S. J., Gao, H., Chen, Y. Y., et al. (2020).
Therapeutic Potential of Hydroxysafflor Yellow A on Cardio-Cerebrovascular
Diseases. Front. Pharmacol. 11, 01265. [published Online First: 2020/10/30].
doi:10.3389/fphar.2020.01265

Bao, X. J., Li, J. Y., and Peng, Y. (2017). Effect of Safflower Yellow Hormone
Combined with Metformin on NF-Κb Inflammatory Signaling Pathway in
Patients with Early Diabetic Nephropathy. Hebei Med. 39 (11), 1664–1666.
doi:10.3969/j.iSSN.1002-7386.2017.11.017

Bao, X. J., Li, J. Y., and Peng, Y. (2017). Effects of Safflower Yellow Hormone
Combined with Metformin on Oxidative Stress, Insulin Resistance and Renal
Function in Patients with Early Diabetic Nephropathy. Hebei Med. 8739 (12),
1780–1782. doi:10.3969/j.iSSN.1002-7386.2017.12.005

Cui, L. X., Sun, L. P., and Zhao, P. W. (2019). Protective Effect of Hydroxyl
Safflower Yellow Pigment A on Vascular Endothelial Cells Damaged by
Oxidative Stress. J. Hunan Univ. Traditional Chin. Med. 39 (4), 475–479.

Du, Xiaoqing, and Deng, Jianwen (2019). Effects of Safflower Yellow Pigment on
Oxidative Stress and Neurological Function in Patients with Acute Cerebral
Infarction. Curr. Med. 25 (3), 28–30.

Fang, Zhenfu (2015). Clinical Study of Valsartan Combined with Safflower
Yellow Sodium in the Treatment of Diabetic Nephropathy Proteinuria.
Asia-pacific Tradit. Med. 11 (10), 134–135. doi:10.11954/ytctyy.
201510067

Fangma, Y., Zhou, H., Shao, C., Yu, L., Yang, J., Wan, H., et al. (2021).
Hydroxysafflor Yellow A and Anhydrosafflor Yellow B Protect against
Cerebral Ischemia/Reperfusion Injury by Attenuating Oxidative Stress and
Apoptosis via the Silent Information Regulator 1 Signaling Pathway. Front.

Pharmacol. 12, 739864. [published Online First: 2021/10/19]. doi:10.3389/
fphar.2021.739864

Feigerlová, E., and Battaglia-Hsu, S. F. (2017). IL-6 Signaling in Diabetic
Nephropathy: From Pathophysiology to Therapeutic Perspectives. Cytokine
Growth Factor Rev. 37, 57–65. [published Online First: 2017/04/02]. doi:10.
1016/j.cytogfr.2017.03.003

Fernandez-Fernandez, B., Ortiz, A., Gomez-Guerrero, C., and Egido, J. (2014).
Therapeutic Approaches to Diabetic Nephropathy-Bbeyond the RAS. Nat. Rev.
Nephrol. 10 (6), 325–346. [published Online First: 2014/05/08]. doi:10.1038/
nrneph.2014.74

Forman, H. J., and Zhang, H. (2021). Targeting Oxidative Stress in Disease:
Promise and Limitations of Antioxidant Therapy. Nat. Rev. Drug Discov. 20
(9), 689–709. [published Online First: 2021/07/02]. doi:10.1038/s41573-021-
00233-1

Fu, S., Zhou, Q., Yuan, L., Li, Z., and Chen, Q. (2022). Effects of Diet on Obesity-
Related Anthropometric Characteristics in Adults: a Protocol for an Umbrella
Review of Meta-Analyses of Randomised Controlled Trials. BMJ Open 12 (1),
e050579. [published Online First: 2022/01/15]. doi:10.1136/bmjopen-2021-
050579

Gao, Y., Yuan, L. L., and Liu, Z. Q. (2015). Application Value of Safflower Yellow
Pigment in Early Diabetic Nephropathy. Shaanxi Med. J. 2015 (3), 297–299. (in
Chinese). doi:10.3969/j.issn.1000-7377.2015.03.013

Gao, Y., Yuan, L. L., and Zhang, L. M. (2015). Safflower Yellow Pigment Combined
with Telmisartan in the Treatment of 44 Cases of Early Diabetic Nephropathy.
Guizhou Pharm. 2015 (11), 986–988. doi:10.3969/j.issn.1000-744X.2015.11.011

Gao, Y., Yuan, L., and Zheng, P. (2015). Effect of Safflower Yellow Pigment
Combined with Benazepril on Renal Function in Patients with Early Diabetic
Nephropathy. Prog. Mod. Biomed. 15 (22), 4333–4336. doi:10.13241/j.
carolcarrollnkiPMB.2015.22.034

Geng, C., Zhang, Y., Hidru, T. H., Zhi, L., Tao, M., Zou, L., et al. (2018).
Sonodynamic Therapy: A Potential Treatment for Atherosclerosis. Life Sci.
207, 304–313. [published Online First: 2018/06/26]. doi:10.1016/j.lfs.2018.
06.018

Guo, D. Z., Wang, Y. H., and Chen, Z. Q. (2008). Effect of Safflower Yellow
Pigment Powder Combined with Benazepril in the Treatment of 39 Cases of
Diabetic Nephropathy. Chin. J. Integr. Traditional West. Med. 28 (4), 360–363.
doi:10.3321/j.iSSN:1003-5370.2008.04.020

Frontiers in Pharmacology | www.frontiersin.org August 2022 | Volume 13 | Article 9291698

Fu et al. HSYA on Diabetic Nephropathy

https://www.frontiersin.org/articles/10.3389/fphar.2022.929169/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fphar.2022.929169/full#supplementary-material
https://doi.org/10.2174/1389450115666140321120635
https://doi.org/10.2174/1389450115666140321120635
https://doi.org/10.3969/j.iSSN.1009-587-x.2012.08.012
https://doi.org/10.3969/j.iSSN.1009-587-x.2012.08.012
https://doi.org/10.3389/fphar.2020.01265
https://doi.org/10.3969/j.iSSN.1002-7386.2017.11.017
https://doi.org/10.3969/j.iSSN.1002-7386.2017.12.005
https://doi.org/10.11954/ytctyy.201510067
https://doi.org/10.11954/ytctyy.201510067
https://doi.org/10.3389/fphar.2021.739864
https://doi.org/10.3389/fphar.2021.739864
https://doi.org/10.1016/j.cytogfr.2017.03.003
https://doi.org/10.1016/j.cytogfr.2017.03.003
https://doi.org/10.1038/nrneph.2014.74
https://doi.org/10.1038/nrneph.2014.74
https://doi.org/10.1038/s41573-021-00233-1
https://doi.org/10.1038/s41573-021-00233-1
https://doi.org/10.1136/bmjopen-2021-050579
https://doi.org/10.1136/bmjopen-2021-050579
https://doi.org/10.3969/j.issn.1000-7377.2015.03.013
https://doi.org/10.3969/j.issn.1000-744X.2015.11.011
https://doi.org/10.13241/j.carolcarrollnkiPMB.2015.22.034
https://doi.org/10.13241/j.carolcarrollnkiPMB.2015.22.034
https://doi.org/10.1016/j.lfs.2018.06.018
https://doi.org/10.1016/j.lfs.2018.06.018
https://doi.org/10.3321/j.iSSN:1003-5370.2008.04.020
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles


Guo, P. (2020). The Clinical Effect of Safflower Yellow Pigment Combined with
Benazepril in the Treatment of Early Diabetic Nephropathy. China Pract. Med.
J. 47 (1), 100–103. doi:10.3760/cma.J.iSSN.1674-4756.2020.01.029

Guo, Y., and Jiao, J. (2010). Effect of Freeze-Dried Safflower Yellow Pigment
Injection on Diabetic Nephropathy. Qingdao Med. Health 42 (4), 259–260.
doi:10.3969/j.iSSN.1006-5571.2010.04.009

Gyurászová, M., Gurecká, R., Bábíčková, J., and Tóthová, Ľ. (2020). Oxidative
Stress in the Pathophysiology of Kidney Disease: Implications for Noninvasive
Monitoring and Identification of Biomarkers. Oxidative Med. Cell. Longev.
2020, 1–11. [published Online First: 2020/02/23]. doi:10.1155/2020/5478708

Han, Y. R. (2020). Study on the Mechanism of Hydroxyl Safflower Yellow Pigment A
Retarding Calcification of Vascular Smooth Muscle Cells Induced by High
Phosphorus [Ms]. China Medical University.

He, S., Wang, X., Liu, Z., Zhang, W., Fang, J., Xue, J., et al. (2021). Hydroxysafflor
Yellow A Inhibits Staphylococcus Aureus-Induced Mouse Endometrial
Inflammation via TLR2-Mediated NF-kB and MAPK Pathway.
Inflammation 44 (3), 835–845. [published Online First: 2021/03/20]. doi:10.
1007/s10753-020-01297-8

Higgins, J. P., Altman, D. G., Gøtzsche, P. C., Jüni, P., Moher, D., Oxman, A. D.,
et al. (2011). The Cochrane Collaboration’s Tool for Assessing Risk of Bias in
Randomised Trials. Bmj 343, d5928. [published Online First: 2011/10/20].
doi:10.1136/bmj.d5928

Jin, X., Shi, L., Chang, F., and Lu, Y. (2019). Efficacy and Safety of Safflower Yellow
in Early Diabetic Nephropathy: A Meta-Analysis. Evid. Based Complement.
Altern. Med. 2019, 8065376. [published Online First: 2019/03/22]. doi:10.1155/
2019/8065376

Lee, M., Zhao, H., Liu, X., Liu, D., Chen, J., Li, Z., et al. (2020). Protective Effect of
Hydroxysafflor Yellow A on Nephropathy by Attenuating Oxidative Stress and
Inhibiting Apoptosis in Induced Type 2 Diabetes in Rat.Oxid. Med. Cell Longev.
2020, 7805393. [published Online First: 2020/04/08]. doi:10.1155/2020/
7805393

Li, Chunping, Xu, Liyun, and Chen, Dejun (2021). Effects of Safflower Extract on
Podocyte Injury in Mice Treated with High Glucose. Chin. J. Integr. Traditional
West. Med. Nephrop. 22 (6), 485–489.

Li, D. W., Wang, X. T., Mu, B. C., Dou, D. Q., and Kang, T. G. (2021). Effects of
Hydroxysafflor Yellow A on Rats with Collagen-Induced Arthritis. Biochem.
Biophys. Res. Commun. 570, 26–34. [published Online First: 2021/07/17].
doi:10.1016/j.bbrc.2021.07.026

Li, Jialin, and Zhang, Wei (2020). Effect of Honghua Yellow Pigment Injection on
Hemodynamics and Oxidative Stress in Patients with AECOPD Complicated
with Pulmonary Hypertension. Med. Inf. 57 + 33 (17), 54–62.

Liao, H., Li, Y., Zhai, X., Zheng, B., Banbury, L., Zhao, X., et al. (2019). Comparison
of Inhibitory Effects of Safflower Decoction and Safflower Injection on Protein
and mRNA Expressions of iNOS and IL-1β in LPS-Activated RAW264.7 Cells.
J. Immunol. Res. 2019, 1018274. [published Online First: 2019/06/15]. doi:10.
1155/2019/1018274

Liu, J., Lu, L., and Hu, F. Q. (2019). Effects of Safflower Yellow Pigment on Insulin
Resistance and Blood Hypercoagulability in Patients with Early Type 2 Diabetic
Nephropathy. J. Intractable Dis. 18 (8). [published Online First: 20200315].

Liu, J., Zhou, Y. L., and Pan, Y. H. (2020). Effects of Honghua Yellow Pigment
Injection on the Levels of Partial Oxidative Stress and Inflammatory Factors in
Patients with Unstable Angina Pectoris. J. Guizhou Med. Univ. 45 (7), 792–796.
doi:10.19367/j.carolcarrollnki.2096-8388.2020.07.008

Martínez-García, C., Izquierdo-Lahuerta, A., Vivas, Y., Velasco, I., Yeo, T.-K.,
Chen, S., et al. (2015). Renal Lipotoxicity-Associated Inflammation and Insulin
Resistance Affects Actin Cytoskeleton Organization in Podocytes. PLoS One 10
(11), e0142291. [published Online First: 2015/11/07]. doi:10.1371/journal.pone.
0142291

Meex, R. C. R., Blaak, E. E., and van Loon, L. J. C. (2019). Lipotoxicity Plays a Key
Role in the Development of Both Insulin Resistance and Muscle Atrophy in
Patients with Type 2 Diabetes. Obes. Rev. 20 (9), 1205–1217. [published Online
First: 2019/06/27]. doi:10.1111/obr.12862

Meresman, G. F., Götte, M., and Laschke, M. W. (2021). Plants as Source of New
Therapies for Endometriosis: a Review of Preclinical and Clinical Studies.Hum.
Reprod. Update 27 (2), 367–392. [published Online First: 2020/10/31]. doi:10.
1093/humupd/dmaa039

Moher, D., Shamseer, L., Clarke, M., and Ghersi, D. (2016). Preferred Reporting
Items for Systematic Review and Meta-Analysis Protocols (PRISMA-P) 2015:

Elaboration and Explanation. Bmj 354, i4086. [published Online First: 2016/07/
23]. doi:10.1136/bmj.i4086

Moriwaki, Y., Yamamoto, T., Shibutani, Y., Aoki, E., Tsutsumi, Z., Takahashi, S.,
et al. (2003). Elevated Levels of Interleukin-18 and Tumor Necrosis Factor-
Alpha in Serum of Patients with Type 2 Diabetes Mellitus: Relationship with
Diabetic Nephropathy. Metabolism 52 (5), 605–608. [published Online First:
2003/05/22]. doi:10.1053/meta.2003.50096

Mottl, A. K., Alicic, R., Argyropoulos, C., Brosius, F. C., Mauer, M., Molitch, M.,
et al. (2022). KDOQI US Commentary on the KDIGO 2020 Clinical Practice
Guideline for Diabetes Management in CKD. Am. J. Kidney Dis. 79 (4),
457–479. [published Online First: 2022/02/12]. doi:10.1053/j.ajkd.2021.09.010

Mtiraoui, N., Ezzidi, I., Kacem, M., Ben Hadj Mohamed, M., Chaieb, M., Haj Jilani,
A. B., et al. (2009). Predictive Value of Interleukin-10 Promoter Genotypes and
Haplotypes in Determining the Susceptibility to Nephropathy in Type
2 Diabetes Patients. Diabetes Metab. Res. Rev. 25 (1), 57–63. [published
Online First: 2008/11/26]. doi:10.1002/dmrr.892

Navarro-González, J. F., Mora-Fernández, C., de Fuentes, M., and García-Pérez, J.
(2011). Inflammatory Molecules and Pathways in the Pathogenesis of Diabetic
Nephropathy. Nat. Rev. Nephrol. 7 (6), 327–340. [published Online First: 2011/
05/04]. doi:10.1038/nrneph.2011.51

Navarro-González, J. F., Mora-Fernández, C., Muros de Fuentes, M., and García-
Pérez, J. (2011). Inflammatory Molecules and Pathways in the Pathogenesis of
Diabetic Nephropathy. Nat. Rev. Nephrol. 7 (6), 327–340. [published Online
First: 2011/05/04]. doi:10.1038/nrneph.2011.51

Page, M. J., McKenzie, J. E., Bossuyt, P. M., Boutron, I., Hoffmann, T. C., Mulrow,
C. D., et al. (2021). The PRISMA 2020 Statement: an Updated Guideline for
Reporting Systematic Reviews. Bmj 372, n71. [published Online First: 2021/03/
31]. doi:10.1136/bmj.n71

Qi, Z., Yan, F., Shi, W., Zhang, C., Dong, W., Zhao, Y., et al. (2014). AKT-Related
Autophagy Contributes to the Neuroprotective Efficacy of Hydroxysafflor Yellow
A against Ischemic Stroke in Rats. Transl. Stroke Res. 5 (4), 501–509. [published
Online First: 2014/05/09]. doi:10.1007/s12975-014-0346-x

Qiu, T. L., Wang, X., and Yuan, J. (2013). Clinical Effect of Safflower Yellow
Pigment for Injection in the Adjuvant Treatment of Early Diabetic
Nephropathy. Prog. Mod. Biomed. 13 (30), 5975–5977. doi:10.13241/j.
carolcarrollnkiPMB.2013.30.027

Salim, S. (2014). Oxidative Stress and Psychological Disorders. Curr.
Neuropharmacol. 12 (2), 140–147. [published Online First: 2014/03/29].
doi:10.2174/1570159x11666131120230309

Shi, Zhaoming (2015). Effects of Valsartan Combined with Safflower Yellow
Pigment on UAER and Hs-CRP in Diabetic Nephropathy. Mod. Diagnosis
Treat. 26 (15), 3431–3432.

Sies, H. (2015). Oxidative Stress: a Concept in Redox Biology and Medicine.
Redox Biol. 4, 180–183. [published Online First: 2015/01/16]. doi:10.1016/j.
redox.2015.01.002

Sun, Y., Wang, Z., Nie, C., Xue, L., Wang, Y., Song, C., et al. (2021). Hydroxysafflor
Yellow A Alters Fuel Selection from Glucose to Fat by Activating the PPARδ
Pathway in Myocytes. J. Agric. Food Chem. 69 (46), 13838–13848. [published
Online First: 2021/11/11]. doi:10.1021/acs.jafc.1c06034

Sureshbabu, A., Ryter, S. W., and Choi, M. E. (2015). Oxidative Stress and
Autophagy: Crucial Modulators of Kidney Injury. Redox Biol. 4, 208–214.
[published Online First: 2015/01/24]. doi:10.1016/j.redox.2015.01.001

Thomas, M. C., Brownlee, M., Susztak, K., Sharma, K., Jandeleit-Dahm, K. A.,
Zoungas, S., et al. (2015). Diabetic Kidney Disease.Nat. Rev. Dis. Prim. 1, 15018.
[published Online First: 2015/01/01]. doi:10.1038/nrdp.2015.18

Tsiogkas, S. G., Grammatikopoulou, M. G., Gkiouras, K., Zafiriou, E., Papadopoulos,
I., Liaskos, C., et al. (2021). Effect of Crocus Sativus (Saffron) Intake on Top of
Standard Treatment, on Disease Outcomes and Comorbidities in Patients with
Rheumatic Diseases: Synthesis without Meta-Analysis (SWiM) and Level of
Adherence to the CONSORT Statement for Randomized Controlled Trials
Delivering Herbal Medicine Interventions. Nutrients 13 (12). [published
Online First: 2021/12/29]. doi:10.3390/nu13124274

Wang, Ajiao, Sun, Xiaodong, and Lv, Guodong (2019). Meta-analysis of Safflower
Yellow Pigment in the Treatment of Early Diabetic Nephropathy. World
J. Integr. Chin. West. Med. 14 (12), 1666–1670. + 719. doi:10.13935/j.
carolcarrollnkiSJZX.191209

Wang, Huiqing, Wang, Guiying, and Jiezhong, Wei (2016). Clinical Observation of
Safflower Yellow Pigment Combined with Pancreatic Kinkinase in the

Frontiers in Pharmacology | www.frontiersin.org August 2022 | Volume 13 | Article 9291699

Fu et al. HSYA on Diabetic Nephropathy

https://doi.org/10.3760/cma.J.iSSN.1674-4756.2020.01.029
https://doi.org/10.3969/j.iSSN.1006-5571.2010.04.009
https://doi.org/10.1155/2020/5478708
https://doi.org/10.1007/s10753-020-01297-8
https://doi.org/10.1007/s10753-020-01297-8
https://doi.org/10.1136/bmj.d5928
https://doi.org/10.1155/2019/8065376
https://doi.org/10.1155/2019/8065376
https://doi.org/10.1155/2020/7805393
https://doi.org/10.1155/2020/7805393
https://doi.org/10.1016/j.bbrc.2021.07.026
https://doi.org/10.1155/2019/1018274
https://doi.org/10.1155/2019/1018274
https://doi.org/10.19367/j.carolcarrollnki.2096-8388.2020.07.008
https://doi.org/10.1371/journal.pone.0142291
https://doi.org/10.1371/journal.pone.0142291
https://doi.org/10.1111/obr.12862
https://doi.org/10.1093/humupd/dmaa039
https://doi.org/10.1093/humupd/dmaa039
https://doi.org/10.1136/bmj.i4086
https://doi.org/10.1053/meta.2003.50096
https://doi.org/10.1053/j.ajkd.2021.09.010
https://doi.org/10.1002/dmrr.892
https://doi.org/10.1038/nrneph.2011.51
https://doi.org/10.1038/nrneph.2011.51
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1007/s12975-014-0346-x
https://doi.org/10.13241/j.carolcarrollnkiPMB.2013.30.027
https://doi.org/10.13241/j.carolcarrollnkiPMB.2013.30.027
https://doi.org/10.2174/1570159x11666131120230309
https://doi.org/10.1016/j.redox.2015.01.002
https://doi.org/10.1016/j.redox.2015.01.002
https://doi.org/10.1021/acs.jafc.1c06034
https://doi.org/10.1016/j.redox.2015.01.001
https://doi.org/10.1038/nrdp.2015.18
https://doi.org/10.3390/nu13124274
https://doi.org/10.13935/j.carolcarrollnkiSJZX.191209
https://doi.org/10.13935/j.carolcarrollnkiSJZX.191209
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles


Treatment of Early Diabetic Nephropathy. China Prim. Med. 23 (6), 834–836.
doi:10.3760/cma.J.iSSN.1008-6706.2016.06.009

Wang, X., Xu, Y., Chu, C., Li, H., Mi, J., Wen, Z., et al. (2019). Effect of Safflower
Yellow on Early Type II Diabetic Nephropathy: a Systematic Review and Meta-
Analysis of Randomized Controlled Trials. J. Pediatr. Endocrinol. Metab. 32 (7),
653–665. [published Online First: 2019/06/14]. doi:10.1515/jpem-2018-0425

Wang, Xiang-dong, Du, Wei, and Gao, Yan (2021). Effect of Safflower Yellow
Pigment on Early Diabetic Nephropathy and Influence of Related
Inflammatory Factors. Spec. Health 2021 (15), 35.

Wang, Y., Li, X., Deng, F., and Yin, R. (2021). Hydroxy-Safflower Yellow A
Alleviates Osteoporosis in Ovariectomized Rat Model by Inhibiting Carbonic
Anhydrase 2 Activity. Front. Pharmacol. 12, 734539. [published Online First:
2021/11/23]. doi:10.3389/fphar.2021.734539

Wang, Yiming, Liu, Yubo, and Ran, Haihong (2017). Effect of Safflower Yellow
Pigment Combined with Metformin on Early Diabetic Nephropathy. Eval.
Analysis Drug use Chin. Hosp. 17 (10), 1370–1371. doi:10.14009/j.iSSN.1672-
2124.2017.10.028

Wu, Shengkai, Zeng, Bin, and Lin, Seofen (2019). Clinical Observation on the
Treatment of Diabetic Nephropathy and Renal Failure by Safflower Yellow
Pigment Injection. Chin. Community Physicians 35 (11), 99101. doi:10.3969/j.
iSSN.1007-614-x.2019.11.069

Xiao, F., Jie, J. W., and Ruiying, H. (2016). Protective Effect of Honghua Injection on
Oxidative Damage of Rat Mesangial Cells Induced by High Glucose and its
Mechanism. Beijing, China: Springer.

Xiao, Yuxia, and Gu, Yifeng (2019). Effect of Safflower Yellow Pigment on
Inflammatory Response and Proteinuria in Patients with Diabetic
Nephropathy. Cheng De. Med. Coll. Chengde, China 33 (3), 194–196.

Xie, Fei, and Zhou, Meilan (2021). Hydroxyl Safflower Yellow Pigment A Inhibits
Renal Podocyte Injury Induced by High Glucose in Mice. Basic Med. Clin. Sci.
41 (01), 27–32. doi:10.16352/j.iSSN.1001-6325.2021.01.007

Xie, R., Li, X. X., and Liao, Z. M. (2018). Effect of Sulodexide Combined with
Safflower Yellow Pigment on Renal Function and Lipid Levels in Patients with
Early Diabetic Nephropathy. Liaoning J. Traditional Chin. Med. 45 (12),
2576–2578. doi:10.13192/j.iSSN.1000-1719.2018.12.036

Xing, T. Iantian (2021). Protective Effect of Crocin on Renal Injury in Diabetic Rats
by Inhibiting Oxidative Stress and Inflammatory Response [Master’s Degree].
Jinzhou Medical University.

Xu, H., Wang, E., Chen, F., Xiao, J., and Wang, M. (2021). Neuroprotective
Phytochemicals in Experimental Ischemic Stroke: Mechanisms and Potential
Clinical Applications. Oxid. Med. Cell Longev. 2021, 6687386. [published
Online First: 2021/05/20]. doi:10.1155/2021/6687386

Xu, S., Zhu, Z., and Zhang, Y. (2019). Systematic Evaluation of Safflower Yellow
Pigment Injection in the Intervention of Stage ⅲ Diabetic Nephropathy. New Chin.
Med. Clin. Pharmacol. 30 (02), 232–238. doi:10.19378/j.iSSN.1003-9783.2019.02.017

Xu, Tongdao, and He, Chuanmei (2014). Effect of Safflower Yellow Pigment
Injection Combined with Pancreatic Kinkinase on Early Diabetic Nephropathy.
North. Pharm. 2014 (2), 32–33.

Xu, Xiaohua, and Shou, Yunfeng (2019). Effect of Safflower Yellow Pigment
Combined with Metformin on Early Diabetic Nephropathy. J. Hunan Univ.
Traditional Chin. Med. 38 (0), 84.

Xue, X., Deng, Y., Wang, J., Zhou, M., Liao, L., Wang, C., et al. (2021).
Hydroxysafflor Yellow A, a Natural Compound from Carthamus tinctorius
L with Good Effect of Alleviating Atherosclerosis. Phytomedicine 91, 153694.
[published Online First: 2021/08/18]. doi:10.1016/j.phymed.2021.153694

Yang, B. K., Yang, L. Z., and Yang, X. F. (2011). Clinical Effect of Safflower Yellow
Pigment for Injection in the Treatment of Diabetic Nephropathy. Seek Med.
Advice (Academic Ed. 9 (3), 147–47.

Yang, Lihua, and Yang, Guiqin (2010). Clinical Study of Safflower Yellow Pigment
in the Treatment of Early Type 2 Diabetic Nephropathy. Clin. Med. Pract. B 19
(4), 502–503.

Yang, W., Li, L., and Zhang, X. (2018). Meta Analysis of Safflower Yellow Pigment
Injection in the Treatment of Elderly Patients with Early Diabetic Nephropathy.
Chin. J. Gerontology 37 (01), 84–88.

Yang, Xing-shun (2017). Clinical Observation of Safflower Yellow Pigment Sodium
Chloride Injection in the Treatment of Early Diabetic Nephropathy.

J. Shandong Univ. Traditional Chin. Med. 31 (4), 304–305. doi:10.3969/j.
iSSN.1007-659-x.2007.04.016

Yin, Meilan (2018). Effect of Safflower Yellow Pigment Injection on Oxidative
Stress Index and Inflammatory Factors in Patients with Early Diabetic
Nephropathy. J. Pract. Clin. Med. 22 (23), 51–54.

Yu, H. L., Wang, H. Y., and Jia, F. J. (2014). Clinical Effect of Safflower Yellow
Pigment Injection on Unstable Angina Pectoris Complicated with Diabetic
Nephropathy. Thrombosis Hemostasis 20 (5), 258–259. doi:10.3969/j.iSSN.
1009-6213.2014.05.013

Zhang, H., Zhao, Y. X., and Yang, H. R. (2021). Effects of Safflower Yellow Pigment
on Podocyte Injury Induced by High Glucose in Mice and its Mechanism.
Propr. Chin. Med. 43 (11), 3007–3013.

Zhang, J. C. (2020). Study on the Protective Effect of Saffron on Renal Tubular
Epithelial Cell Injury Induced by High Concentration of Glucose [Ms]. Ningxia
Medical University.

Zhang, L. (2018). Clinical Comparative Study of Safflower Yellow Pigment
Combined with Benazepril in the Treatment of Early Diabetic Nephropathy
[Ms]. Hebei Medical University.

Zhang, Minhong (2014). Early Curative Effect of Safflower Yellow Pigment
Injection Combined with Enalapril in the Treatment of Type 2 Diabetic
Nephropathy. J. Gannan Med. Univ. 2014 (6), 938–939. (in Chinese).
doi:10.3969/j.issn.1001-5779.2014.06.044

Zhang, T., Zhang, S., Peng, Y., Wang, Y., Gao, P., Hu, Y., et al. (2021). Safflower
Leaf Ameliorates Cognitive Impairment through Moderating Excessive
Astrocyte Activation in APP/PS1 Mice. Food Funct. 12 (22), 11704–11716.
[published Online First: 2021/11/04]. doi:10.1039/d1fo01755a

Zhang, Xiangying (2010). Clinical Observation of Safflower Yellow Pigment for
Injection Combined with Irbesartan in the Treatment of Diabetic Nephropathy.
Pract. Clin. Med. 11 (5), 24–26. doi:10.3969/j.iSSN.1009-8194.2010.05.011

Zhao, Huimin, and Zhao, Sujiao (2013). Effect of Safflower Yellow Pigment
Combined with Benazepril on Early Nephropathy in Type 2 Diabetes
Mellitus. J. Clin. Ration. Drug Use 6 (32), 44–45.

Zhao, M. X., Hu, X. K., and Dong, S. M. (2021). Protective Effect andMechanism of
Safflower Yellow Pigment on Kidney of Diabetic Nephropathy Mice. Chin.
J. Comp. Med. 31 (8), 76–81.

Zhao, M. X., Hu, X. K., and Dong, S. M. (2021). Protective Effect andMechanism of
Safflower Yellow Pigment on Kidney of Diabetic Nephropathy Mice. Chin.
J. Comp. Med. 31 (8), 76–81. doi:10.3969/j.iSSN.1671-7856.2021.08.011

Zhao, M. Iaoxin (2021). Study on the Protective Effect of Safflower Yellow Pigment
on the Kidney of Diabetic Nephropathy Mice and Related Mechanism [Master’s
Degree]. Jinzhou Medical University.

Zhi, Li, and Wang, Weili (2012). Effect of Safflower Yellow Pigment Combined
with Losartan Potassium on Early Diabetic Nephropathy. People’s Mil. Surg. 55
(S1), 27–28.

Zhou, Bin, Yu, Yanmei, and Wang, Zhilong (2017). Experimental Study on the
Protective Effect of Safflower Yellow Pigment on Kidney of Diabetic Rats. Clin.
Res. Traditional Chin. Med. 9 (17), 9–10.

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors, and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Fu, Zhou, Gao, Yang, Chen, Yuan, Li and Chen. This is an open-
access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply
with these terms.

Frontiers in Pharmacology | www.frontiersin.org August 2022 | Volume 13 | Article 92916910

Fu et al. HSYA on Diabetic Nephropathy

https://doi.org/10.3760/cma.J.iSSN.1008-6706.2016.06.009
https://doi.org/10.1515/jpem-2018-0425
https://doi.org/10.3389/fphar.2021.734539
https://doi.org/10.14009/j.iSSN.1672-2124.2017.10.028
https://doi.org/10.14009/j.iSSN.1672-2124.2017.10.028
https://doi.org/10.3969/j.iSSN.1007-614-x.2019.11.069
https://doi.org/10.3969/j.iSSN.1007-614-x.2019.11.069
https://doi.org/10.16352/j.iSSN.1001-6325.2021.01.007
https://doi.org/10.13192/j.iSSN.1000-1719.2018.12.036
https://doi.org/10.1155/2021/6687386
https://doi.org/10.19378/j.iSSN.1003-9783.2019.02.017
https://doi.org/10.1016/j.phymed.2021.153694
https://doi.org/10.3969/j.iSSN.1007-659-x.2007.04.016
https://doi.org/10.3969/j.iSSN.1007-659-x.2007.04.016
https://doi.org/10.3969/j.iSSN.1009-6213.2014.05.013
https://doi.org/10.3969/j.iSSN.1009-6213.2014.05.013
https://doi.org/10.3969/j.issn.1001-5779.2014.06.044
https://doi.org/10.1039/d1fo01755a
https://doi.org/10.3969/j.iSSN.1009-8194.2010.05.011
https://doi.org/10.3969/j.iSSN.1671-7856.2021.08.011
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles


GLOSSARY

RAAS renin angiotensin aldosterone system

PKC protein kinase Cprotein kinase C

TGF-β transforming growth factor-β

TNF-α tumor necrosis factor-α

ESRD end-stage renal disease

DKD diabetic kidney disease

eGFR estimated glomerular filtration rate

ROS reactive oxygen speciesreactive oxygen species

HSYA hydroxyl safflower yellow A

UAER urinary albumin excretion rate

FBG fasting blood glucose

SCR serum creatinine

BUN blood urea nitrogen

SRs/MAs systematic review and meta-analysis

ROS reactive oxygen speciesreactive oxygen species

WM Western medicine

SOD superoxide dismutase

GSH-Px glutathione peroxidase

MDA malondialdehyde

PBG postprandial blood glucose

HbA1c hemoglobin A1c

RCTs randomized controlled trials

FINS fasting insulin

HOMA-IR homeostasis model assessment insulin resistance

Cysc serum cystatin C

Hcy homocysteine

PKC protein kinase Cprotein kinase C

IL-1β interleukin-1β

IL-6 interleukin-6

NF-κB nuclear factor-κB

IL-10 interleukin-10

hsCRP hypersensitive c reactive protein

total cholesterol TC

triglycerides TGs
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