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Abstract 

Purpose: To determine the potential effect of luteolin in neuroprotection using an in vitro model of 
diabetic neuropathy (DN) in PC12 cells by high glucose (HG)-induced neurotoxicity. 
Methods:  PC12 cells were pretreated with HG media for 3, 6, 12, and 24 h, followed by treatment with 
increasing concentrations of luteolin (10, 25, and 50 ug/ml) for 24 hours. Following luteolin treatment, 
the cells were transfected with a plasmid expressing thioredoxin-interacting protein (TXNIP). To 
evaluate HG-induced cytotoxicity, the expression levels of the inflammatory markers interleukin (IL)-8, 
IL-6, and tumor necrosis factor-α (TNF-α) were evaluated by quantitative reverse transcription PCR 
(qRT-PCR) and ELISA. In addition, the apoptotic cells were assessed by flow cytometry. The 
expression levels of TXNIP protein and mRNA were determined by western blotting and qRT-PCR, 
respectively.  
Results: Luteolin decreased the expression levels of TNF-α, IL-1β, and IL-6 in a dose-dependent 
manner at both the protein and mRNA level. Luteolin also decreased HG-induced apoptosis in PC12 
cells (p < 0.05). The expression of B-cell lymphoma 2 (BCL-2) was suppressed, whereas those of 
cleaved PARP and cleaved caspase-3 were increased following HG treatment. Luteolin treatment had 
the opposite effect in a dose-dependent manner (p < 0.05). Luteolin reduced HG-induced inflammation 
and apoptosis in PC12 cells by inhibiting TXNIP expression (p < 0.05). 
Conclusion: These data indicate that the neuroprotective effects of luteolin is probably exerted its anti-
apoptotic and anti-inflammatory activities via the TXNIP pathway. 
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INTRODUCTION 
 
Glucose is the main source of energy for 
maintaining the function of mammalian brain. 
Abnormal glucose metabolism, such as 
hyperglycemia, often causes diabetic neuropathy 
and leads to neurological injury by inducing cell 

apoptosis [1]. Inhibition of apoptosis may prevent 
the initiation and progression of neuropathy [2]. 
 
Diabetic nephropathy is a microvascular 
complication of diabetes and the leading cause 
of end-stage renal illness in the world [3]. 
Although the pathogenesis of diabetic 
nephropathy is still unclear, it is universally 
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accepted that inflammation is a key result [4]. 
The metabolic disorder and disruption in renal 
hemodynamics caused by hyperlipidemia and 
chronic hyperglycemia may stimulate 
inflammation, resulting in the infiltration of 
immune cells in early diabetic nephropathy [5]. 
This is an example of an immune response that 
represents the microinflammatory state related to 
innate immunity [6]. 
 
Luteolin is a flavonoid found in carrots, peppers, 
celery, olive oil, and mint. Many studies show 
that it has anti-tumor, anti-oxidant, and anti-
inflammatory properties [7]. Luteolin has also 
been shown to effectively attenuate external 
cytotoxicity and protect nerve cells. For example, 
luteolin attenuates hydrogen peroxide-induced 
neuronal apoptosis [8]. Luteolin also protects 
neurons from MPP +-induced cytotoxic damage 
by modulating the ERK-dependent Keapl-Nrf2-
ARE pathway [9]. By regulating the ERK-induced 
expression of heme oxygenase-1 and NF-E2–
related factor 2, luteolin plays a role in protecting 
nerve cells [10] and regulating the growth of 
prominent cells by inducing microRNA-132 
expression [11]. In addition, luteolin inhibits 
apoptosis and inflammation in human umbilical 
vein endothelial cells via regulation of 
thioredoxin-interacting protein (TXNIP) 
expression [12]. 
 
In this study, high glucose (HG)-induced 
cytotoxicity in a neuronal cell line, PC12, was 
measured. 
 
EXPERIMENTAL 
 
Cell culture and treatment 
 
PC12 cells were obtained from the American 
Type Culture Collection (ATCC, USA) provided 
the PC12 cells. The cells were incubated in 
Dulbecco’s modified Eagle’s medium (DMEM, 
Gibco, USA) with penicillin-streptomycin (100 
U/ml, Gibco, USA) and fetal bovine serum (FBS, 

10%, Gibco, USA), and maintained in a 
humidified incubator (5% CO2, 37°C). To induce 
hyperglycemia, the cells were pretreated with 
DMEM containing 50 mM D-glucose. The cells 
were then incubated in HG medium for 3, 6, 12, 
and 24 h. Luteolin (Sigma-Aldrich, USA) was 
dissolved in dimethyl sulfoxide (DMSO, 5%, 
Sigma-Aldrich). The TXNIP plasmid and the 
respective negative control plasmid were 
synthesized by GenePharma (Shanghai, China). 
Lipofectamine 2000 (Invitrogen, USA) was used 
to transfect cells with 50 nM of the TXNIP 
plasmid and the negative control plasmid in 
differentiated podocytes, according to the 
manufacturer’s instructions. After 2 days in 
culture, the original medium was discarded and 
replaced with RPMI-1640 (Thermo Fisher 
Scientific, USA) culture medium. 
 
Quantitative real-time PCR (qRT-PCR) 
 
Total RNA was extracted using Trizol reagent 
(Invitrogen, USA) according to the 
manufacturer’s instructions. Then, SuperScript 
reverse transcriptase kit (Invitrogen, USA) was 
used to reverse transcribe 2 µg of total RNA. 
PowerUp SYBR Green Master Mix (Thermo 
Fisher Scientific, USA) with Applied Biosystems 
PRISM 7900 Sequence Detection System 
(Applied Biosystems, USA) were used to perform 
qRT-PCR. The primer sequences are shown in 
Table 1. The 2-ΔΔCt method was used to detect 
the expression levels of mRNA, normalized to 
the expression level of GAPDH. 
 
Enzyme-linked immunosorbent assay (ELISA)  
 
The expression levels of TNF-α, IL-1β, and IL-6 
protein were evaluated using an ELISA kit 
(Thermo Fisher Scientific, USA) according to the 
manufacturer’s instructions. A spectrophotometer 
was used to read the absorbance of each well at 
450 nm and the concentration of protein in each 
well was calculated using the standard curve. 
 

 
  Table 1: Primer sequences used for qRT-PCR 

 

Gene   Forward (5′–3′) Reverse (5′–3′) 

IL-1β   CCCTGAACTCAACTGTGAAATAGCA CCCAAGTCAAGGGCTTGGAA 

IL-6   ATTGTATGAACAGCGATGATGCAC CCAGGTAGAAACGGAACTCCAGA 

TNF-α   CCTCTTCTCATTCCTGCTC CTTCTCCTCCTTGTTGGG 

TXNIP   CCACGCTGACTTTGAGAACA GGAGCCAGGGACACTAACATA 

GAPDH   AAGGAAATGAATGGGCAGCC TAGGAAAAGCATCACCCGGA 
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Flow cytometry 
 
PC12 cells were harvested, washed twice with 
ice-cold PBS, and fixed using ethanol (70 %, v/v) 
overnight. Then, the cells were stained with 
propidium iodide in PBS containing RNase in the 
dark (30 min, 25°C). A Coulter Epics XL flow 
cytometer (Beckman-Coulter Inc., USA) was 
used to read the sample. 
 
Western blotting 
 
Total protein was harvested from cells by RIPA 
buffer. Immunoblot analysis was performed using 
monoclonal antibodies against TXNIP, cleaved 
caspase-3, cleaved PARP, and BCL-2, (all 
1:1,000, Santa Cruz, USA). β-actin (1:5,000, 
Santa Cruz) was used as the loading control. 
The secondary antibody, labeled using 
horseradish peroxidase (HRP) (1:1,000, Santa 
Cruz). was incubated with the blots for 1 h at 
25°C. Band densities were quantified using the 
LICOR Odyssey infrared imaging system (LICOR 
Bio-science, USA). 
 
Statistical analysis 
 
GraphPad 8.0 was used to analyze the data. All 
experiments were repeated three times, and the 
data were expressed as mean ± standard 
deviation (SD). Analysis of variance was used to 
analyze the significance of differences among 
experimental groups. p < 0.05 was regarded as 
statistically significant. 
 
RESULTS 
 
HG-induced inflammation, apoptosis, and 
TXNIP expression 
 
As shown in Figure 1, PC12 cells treated with 
HG media showed time-dependent expression of 
TNF-α, IL-1β, and IL-6. The expression levels of 
TNF-α, IL-1β, and IL-6 mRNA and protein were 
evaluated after 3 h of stimulation with HG media. 
Maintenance of this high expression was 
observed for up to 24 h. Culture in high-glucose 
media also led to an increase in apoptosis in a 
time-dependent manner, compared to the control 
group (Figure 2 A). Furthermore, PC12 cells 
treated with HG media showed time-dependent 
activation of TXNIP, after 3 h of stimulation with 
HG. The expression of TXNIP protein increased 
significantly and continued to increase to 24 h 
(Figure 2 B). These results indicate that HG 
induces inflammation, apoptosis, and TXNIP 
expression in PC12 cells. 
 

  
 
Figure 1: Effect of HG on inflammation, apoptosis, 
and TXNIP expression in PC12 cells incubated with 
high glucose (50 mM) for 0, 3, 6, 12, and 24 h. qRT-
PCR and ELISA were used to evaluate the expression 
levels of inflammatory factors TNF-α, IL-1β, and IL-6; 
*p < 0.05 **p < 0.01, ***p < 0.001 vs. control 
 

 
 
Figure 2: Effects of HG on inflammation, apoptosis, 
and TXNIP expression in PC12 cells incubated with 
high glucose (50 mM) for 0, 3, 6, 12, and 24 h. (A) 
Flow cytometry was used to evaluate changes in 
apoptosis, **p < 0.01, ***p < 0.001 vs. control group. 
(B) Western blot analysis was performed to evaluate 
TXNIP expression, **p < 0.01, ***p < 0.001 vs. control 
group 
 
Luteolin attenuated HG-induced inflammation 
and apoptosis 
 
To evaluate the effect of luteolin in HG-induced 
cellular inflammation and apoptosis, PC12 cells 
were stimulated with HG media and then treated 
with 10, 25, and 50 μg/mL luteolin for 24 h, and 
cellular inflammation and cell apoptosis were 
investigated. As shown in Figure 3, HG media 
significantly increased the mRNA and protein 
expression levels of TNF-α, IL-1β, and IL-6 in 
PC12 cells. Compared to HG-only controls, 
luteolin significantly decreased both the mRNA 
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and TNF-α, IL-1β, and IL-6 protein levels in a 
dose-dependent manner. Compared to untreated 
controls, HG media-treated cells had significantly 
higher apoptosis rate. Luteolin treatment 
significantly reduced the apoptosis rate in HG 
media-treated PC12 cells (Figure 4A). Next, the 
influences of luteolin on cleaved caspase-3, 
BCL-2, and cleaved PARP apoptotic protein 
were evaluated. As shown in Figure 4 B, BCL-2 
expression was markedly suppressed, whereas 
the levels of cleaved PARP and cleaved 
caspase-3 were markedly increased by HG 
media treatment. Treatment with luteolin 
reversed these effects in a dose-dependent 
manner. These data indicate that luteolin 
protects PC12 cells from HG-induced 
inflammation and apoptosis. 
 
Luteolin decreased HG-induced inflammation 
in PC12 cells by inhibiting TXNIP expression 
 
As shown in Figure 5 A, PC12 cells pretreated 
with HG media showed increased expression of 
TXNIP. The expression levels of TXNIP protein 
were markedly lower after luteolin treatment. To 
overexpress TXNIP in PC12 cells, the cells were 
transiently treated with the TXNIP expression 
plasmid (Figure 5 B). The TXNIP protein 
expression was markedly increased by 
transfection with the TXNIP plasmid, and this 
effect was reversed with luteolin treatment 
(Figure 5 C). Furthermore, after transfection with 
the TXNIP plasmid, TNF-α, IL-1β, and IL-6 
expression levels were significantly higher in 
PC12 cells after HG stimulation. Luteolin 
treatment significantly reversed the pro-
inflammatory effect of TXNIP (Figure 6). These 
data suggest that luteolin reduced HG-induced 
inflammation by suppressing TXNIP expression 
PC12 cells. 
 

 
 
Figure 3: Effect of luteolin on HG-induced 
inflammation and apoptosis in PC12 cells. qRT-PCR 
and ELISA were used to detect the expression levels 
of the inflammatory factors TNF-α, IL-1β, and IL-6; ***p 
< 0.001 vs. control group, #p < 0.05, ##p < 0.01, and 
###p < 0.001 vs. the HG group 

 
 
Figure 4: Effect of luteolin on HG-induced 
inflammation and apoptosis in PC12 cells. (A) Flow 
cytometry was used to evaluate changes in apoptosis, 
***p < 0.001 vs. control group, #p < 0.05, ###p < 0.001 
vs. HG group. (B) Western blot analysis was 
performed to evaluate the levels of indicated proteins, 
***p < 0.001 vs. control group, #p < 0.05, ##p < 0.01, 
###p < 0.001 vs. HG group 
 

 
 
Figure 5: Luteolin reduced HG-induced inflammation 
by inhibiting TXNIP expression in PC12 cells. (A) 
Western blot analysis was performed to evaluate 
TXNIP protein expression. (B) Quantitative reverse 
transcription PCR and western blot analysis were used 
to evaluate TXNIP transfection efficiency, ***p < 0.001 
vs. control group; ***p < 0.001 vs. control group; #p < 
0.05, ###p < 0.001 vs. HG group. (C) Western blot 
analysis was performed to evaluate TXNIP protein 
expression 
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Figure 6: Luteolin reduced HG-induced inflammation 
by inhibiting TXNIP expression in PC12 cells. 
Quantitative reverse transcription PCR and ELISA 
were used to evaluate the levels of TNF-α, IL-1β, and 
IL-6. 
 
Luteolin reduced HG-induced apoptosis by 
inhibiting TXNIP expression 
 
Compared to HG alone group, luteolin treatment 
significantly reduced apoptosis in PC12 cells. 
After transfection with the TXNIP plasmid, HG-
induced apoptosis increased, but the effect was 
markedly attenuated when cells were treated 
with the TXNIP plasmid and with luteolin 
simultaneously (Figure 7 A). As shown in Figure 
7B, BCL-2 expression was markedly suppressed, 
whereas the expression levels of cleaved PARP 
and cleaved caspase-3 were markedly increased 
upon HG media treatment. These effects were 
reversed upon luteolin treatment. However, 
transfection with the TXNIP plasmid inhibited 
HG-induced BCL-2 upregulation, and decreased 
the expression levels of cleaved PARP and 
cleaved caspase-3. Moreover, treatment with 
luteolin significantly decreased BCL-2 
expression, which is a downstream protein of 
cleaved caspase-3 and cleaved PARP in PC12 
cells, when treated with HG media and 
transfected with the TXNIP plasmid. These data 
indicate that luteolin reduced HG-induced 
apoptosis by inhibiting TXNIP expression. 
 
DISCUSSION 
 
Chronic low-grade inflammation is caused by the 
infiltration of cytokines and immune cells into 
kidney tissue [13]. Immune-mediated 
inflammation is a key component of diabetic 
nephropathy and hyperglycemia [14]. The 
expression levels of inflammatory factors such as 
TNF-α, IL-1β, and IL-6 are markedly increased in 
renal tissues during diabetic nephropathy, and 
suppressing these cytokines expression may 
confer protection against diabetic renal injury 
[15]. 

 
 
Figure 7: Luteolin reduced HG-induced apoptosis by 
inhibiting TXNIP expression. (A) Flow cytometry was 
used to detect changes in apoptosis, **p < 0.01, ***p < 
0.001 vs. the HG group or HG + luteolin group, 
respectively. (B) Western blot analysis was performed 
to evaluate BCL-2 expression, cleaved caspase-3, and 
cleaved PARP protein expression; *p < 0.05, **p < 
0.01, ***p < 0.001 vs. the HG group or HG + luteolin 
group, respectively 
 
HG-induced apoptosis is a critical mechanism in 
the pathogenesis of diabetic nephropathy and a 
possible mechanism of HG-induced neuronal 
dysfunction and death [16,17]. Consistent with 
this, HG has been reported to induce apoptosis 
both in vivo [18,19] and in vitro in neurons such 
as primary dorsal root ganglion neurons [16], SH-
SY5Y human neuroblastoma cells, and PC12 
cells [20,21]. 
 
Apoptosis is an intrinsic cell-suicide mechanism 
with a highly regulated mechanism. Two 
important protein families, including the BCL-2 
and caspase families, have a crucial effect in 
regulating apoptosis [22,23]. The TXNIP pathway 
plays a key role in the initiation of apoptosis of 
mitochondrial in cells [24,25]. The present study 
showed that 50 mM of HG media is able to 
induce neurotoxicity in PC12 cells by modulating 
the inflammation, apoptosis, and TXNIP 
pathways. 
 
Luteolin is a natural plant extract found in various 
vegetables and fruits in the form of glycosides 
[17]. It has strong anti-tumor, anti-oxidative, anti-
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infection, immune conditioning, and cardio 
protective properties. [18]. Recent studies show 
that luteolin can markedly reduce the 
inflammatory response of activated macrophages 
and downregulate the expression levels of pro-
inflammatory factors such as TNF-α, IL-1β, and 
IL-6 [19]. The present findings demonstrate that 
luteolin attenuated the HG-induced release of 
TNF-α, IL-1β, and IL-6 in HG-sensitized PC12 
cells. Moreover, luteolin markedly decreased 
apoptosis, as measured by cleaved PARP and 
cleaved caspase-3 levels, in HG-induced PC12 
cells. In contrast, the level of BCL-2 increased 
with luteolin treatment. 
 
Recently, it has been demonstrated that 
polyphenolic compounds, such as quercetin and 
epigallocatechin gallate, induce cell inflammation 
and apoptosis mediated by NLRP3 and TXNIP in 
endothelial cells [20]. TXNIP is a thioredoxin 
endogenous inhibitor protein that reduces the 
ability of cells to mediate oxidative stress. The 
interaction of thioredoxin with proteins is 
significantly increased in humans and rats with 
diabetic nephropathy, and is closely related to 
renal fibrosis, urinary albumin, and reactive 
oxygen species [29,30]. 
 
High glucose treatment significantly upregulated 
TXNIP expression, even at 3h, in this in vitro 
study. These data indicate that TXNIP is an early 
response gene that is readily induced by diabetic 
nephropathy and hyperglycemia. Consistently, 
the levels of TNF-α, IL-1β, and IL-6 markedly 
increased upon treatment with HG media in a 
time-dependent manner. 
 
These data indicate a subtle relationship 
between the TXNIP and the inflammatory factors. 
Surprisingly, the induction of TXNIP, TNF-α, IL-
1β, and IL-6 by HG media treatment was 
markedly suppressed by luteolin treatment. This 
reveals a close relationship between 
inflammatory factor expression and TXNIP in the 
activation of an inflammatory response through 
the TXNIP pathway. Inflammation promotes the 
activation of the TXNIP pathway, which is 
suppressed by reduced inflammation. 
Furthermore, TXNIP and inflammation signaling 
exert a key effect in the initiation of mitochondria-
dependent cell apoptosis [24,25]. Mitochondrial 
dysfunction activates scorpion venom cysteine 
proteases, leading to the release of cytochrome 
C and cell apoptosis [21]. Following treatment of 
PC12 cells with luteolin, there was a marked 
decrease in the protein levels of BCL-2, which is 
downstream of cleaved caspase-3 and cleaved 
PARP in PC12 cells. Luteolin protected cells 
from death and inflammation, indicating its 
beneficial effect on cytotoxicity. 

CONCLUSION 
 
The findings of this study show that luteolin 
suppresses HG-induced inflammation and 
apoptosis in PC12 cells by inhibiting TXNIP 
expression. The beneficial effects of luteolin 
observed in this study support the previously 
reported neuroprotective and anti-inflammatory 
properties of luteolin. Although luteolin should be 
considered a promising treatment for diabetic 
nephropathy, further studies using in vivo models 
will be necessary to confirm this conclusion. 
 
DECLARATIONS 
 
Acknowledgement 
 
This work was supported by the Regional 
Science Fund Project of the National Natural 
Science Foundation of China (grant no. 
31360209). 
 
Conflict of interest 
 
No conflict of interest is associated with this 
work. 
 
Contribution of authors 
 
We declare that this work was carried out by the 
researchers listed in this manuscript. All liabilities 
regarding the content of this manuscript will be 
borne by the authors. Tuerhong Tuerxun and 
Xiaopeng Li designed all the experiments and 
revised the paper. Bo Lou, Long Ma and Yi 
Wang performed the experiments. Tuerhong 
Tuerxun and Xiangyou Yu wrote the manuscript. 
 
Open Access  
 
This is an Open Access article that uses a fund-
ing model which does not charge readers or their 
institutions for access and distributed under the 
terms of the Creative Commons Attribution 
License (http://creativecommons.org/licenses/by/ 
4.0) and the Budapest Open Access Initiative 
(http://www.budapestopenaccessinitiative.org/rea
d), which permit unrestricted use, distribution, 
and reproduction in any medium, provided the 
original work is properly credited. 
 
REFERENCES 
 
1. Hoeijmakers JGJ, Faber CG, Merkies ISJ, Waxman SG. 

Channelopathies, painful neuropathy, and diabetes: 
which way does the causal arrow point? Trends Mol 
Med 2014; 20(10): 544-550. 

http://creativecommons.org/licenses/by/
http://www.budapestopenaccessinitiative.org/rea


Tuerxun et al 

Trop J Pharm Res, November 2019; 18(11): 2277 
 

2. Arab L, Sadeghi R, Walker DG, L-F L, Sabbagh MN. 
Consequences of Aberrant Insulin Regulation in the 
Brain: Can Treating Diabetes be Effective for 
Alzheimer's Disease. Curr Neuropharmacol 2011; 9(4): 
693-705. 

3. Chia-Chao W, Jin-Shuen C, Kuo-Cheng L, Chun-Chi C, 
Shih-Hua L, Pauling C, Huey-Kang S, Yuh-Feng L. 
Aberrant cytokines/chemokines production correlate 
with proteinuria in patients with overt diabetic 
nephropathy. Clin Chim Acta 2010; 411(9): 700-704. 

4. Jun W, Hirofumi M. Inflammation and the pathogenesis of 
diabetic nephropathy. Clin Sci 2013; 124(3): 139-152. 

5. Lijuan F, Yangfan L, Lixiong Z. Therapeutic efficacy of 
combined administration of thymosin and oxaliplatin in 
elderly gastric ulcer patients and its effect on cellular 
immunity and matrix metalloproteinase. Trop J Pharm 
Res 2019; 18(2): 409-414. 

6. Fernández-Real JM, Pickup JC. Innate immunity, insulin 
resistance and type 2 diabetes. Diabetologia 2012; 
55(2): 273-278. 

7. Zhu D, Liu K, Yi J, Liu B, Liu G. Luteolin inhibits 
inflammatory response and improves insulin sensitivity 
in the endothelium. Biochimie 2011; 93(3): 506-512. 

8. Lin P, Tian XH, Yi YS, Jiang WS, Zhou YJ, Cheng WJ. 
Luteolin�induced protection of H2O2�induced apoptosis 
in PC12 cells and the associated pathway. Mol Med Rep 
2015; 12(5): 7699-7704. 

9. Wruck CJ, Claussen M, Fuhrmann G, Römer L, Schulz A, 
Pufe T, Waetzig V, Peipp M, Herdegen T, Götz PRNME. 
Luteolin protects rat PC 12 and C6 cells against MPP + 
induced toxicity via an ERK dependent Keapl-Nrf2-ARE 
pathway. J Neural Transm Suppl 200772): 57-67. 

10. Lin CW, Wu MJ, Liu YC. Neurotrophic and Cytoprotective 
Action of Luteolin in PC12 Cells through ERK-
Dependent Induction of Nrf2-Driven HO-1 Expression. J 
Agric Food Chem 2010; 58(7): 4477-4486. 

11. Lin LF, Chiu SP, Wu MJ, Chen PY, Yen JH. Luteolin 
induces microRNA-132 expression and modulates 
neurite outgrowth in PC12 cells. Plos One 2012; 7(8): 
43304-43322. 

12. Wu J, Xu X, Li Y, Kou J, Huang F, Liu B, Liu K. 
Quercetin, luteolin and epigallocatechin gallate alleviate 

TXNIP and NLRP3-mediated inflammation and 
apoptosis with regulation of AMPK in endothelial cells. 
Eur J Pharmacol 2014; 745(59-68. 

13. Apostolopoulos V, Courten MPJ, Stojanovska L, Blatch 
GL, Tangalakis K, Courten B. The complex 
immunological and inflammatory network of adipose 
tissue in obesity. Mol Nutr Food Res 2016; 60(1): 43-57. 

14. Liu XL, Liu WP, Wang LL, Feng L. Effects of flavonoids 
from Pyrrosiae folium on pathological changes and 
inflammatory response of diabetic nephropathy. 
Zhongguo Zhong Yao Za Zhi 2018; 43(11): 2352-2357. 

15. Yong CH, Xiao RH, Wansheng W, Hua LJ, Heuchel RL, 
Chung ACK, Yao LH. The protective role of Smad7 in 
diabetic kidney disease: mechanism and therapeutic 
potential. Diabetes 2011; 60(2): 590-601. 

16. Russell JW, Golovoy D, Vincent AM, Mahendru P, 
Olzmann JA, Mentzer A, Feldman EL. High glucose-
induced oxidative stress and mitochondrial dysfunction 
in neurons. FASEB J 2002; 16(13): 1738-1748. 

17. Yu MC, Chen JH, Lai CY, Han CY, Kob WC. Luteolin, a 
non-selective competitive inhibitor of phosphodie-
sterases 1–5, displaced [H]-rolipram from high-affinity 
rolipram binding sites and reversed xylazine/ketamine-
induced anesthesia. Eur J Pharmacol 2010; 627(1): 
269-275. 

18. Saebyeol J, Kelley KW, Johnson RW. Luteolin reduces 
IL-6 production in microglia by inhibiting JNK 
phosphorylation and activation of AP-1. Proc Natl Acad 
Sci U S A 2008; 105(21): 7534-7539. 

19. Jang HH, Cho SY, Kim MJ, Kim JB, Lee SH, Lee MY, 
Lee YM. Anti-inflammatory effects of Salvia plebeia R. 
Br extract in vitro and in ovalbumin-induced mouse 
model. Biol Res 2016; 49(1): 41-52. 

20. Mohamed IN, Hafez SS, Arwa F, Adviye E, Imig JD, El-
Remessy AB. Thioredoxin-interacting protein is required 
for endothelial NLRP3 inflammasome activation and cell 
death in a rat model of high-fat diet. Diabetologia 2014; 
57(2): 413-423. 

21. Green DR, Guido K. The pathophysiology of 
mitochondrial cell death. science 2004; 305(5684): 626-
629. 

 


