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[ Abstract)
adenine dinucleotide phosphate oxidase 4 (NEX4)/reactive oxygen species ( ROS)/p38 mitogen activated protein kinase

Objective We investigated the effects of barbaloin on podocyte function and on the nicotinamide

signaling pathway (p38 MAPK) in rats with diabetic nephropathy ( DN). Methods The rats were fed high-sugar and
high-fat diet for 4 weeks and injected 40 mg/kg STZ intraperitoneally establisha a DN rat model and randomly divided into a
model group, a positive control group, dose dependent (low, medium, and high) experimental groups, and a normal group
in which the rats were not treated. The positive control group was given 9. 45 mg gliguidone per kilogram per day (kg-d) for
six weeks. The low, medium, and high dose experimental groups were given 10, 20, and 40 mg/(kg-d) barbaloin,
respectively, by gavage for six weeks. The normal group and model group were given equal volume distilled water by gavage
for six weeks. Fasting blood glucose levels were measured using a blood glucose meter, and the levels of interleukin-1$
(IL-1B) and serum tumor necrosis factor-a ( TNF-a) were detected by enzyme-linked immunosorbent assay ( ELISA).
Hematoxylin and eosin ( HE) staining was used to observe renal morphology. The levels of superoxide dismutase (SOD)
malondialdehyde (MDA), and reactive oxygen species (ROS) in kidney tissue were detected using commercial SOD,
MDA and ROS assay kits; and the levels of NADPH oxidase 4 (NOX4) , p38 mitogen-activated protein kinase (MAPK) ,
phospho-p38 MAPK, the glomerular podocyte gap transmembrane protein Nephrin, and Podocin were detected by western
blot. Results Before administration, compared with the normal group, the fasting blood glucose level of the model group,
the positive control group, and the low, medium, and high dose experimental groups increased (P <0.05). After
administration, glomerular hypertrophy, mesangial thickening, glomerular basement membrane thickening, and interstitial
inflammatory infiltration were observed in the model group. In the low and middle dose group, glomerular hypertrophy was
relieved gradually, the mesangial hyperplasia was mild to moderate, and the dilation of renal tubules was slowed down. In
the high dose experimental group, the renal tissue was normal in morphology and clear in structure, and the shapes of the
glomerulus and renal tubules were regular. Compared with the normal group, the levels of fasting blood glucose, and IL-183,
serum TNF-a, MDA, ROS, NOX4, and phospho-p38 MAPK proteins in kidney tissue of the model group increased (P<
0.05), and the levels of SOD, SOD/MDA, Nephrin, and Podocin proteins in kidney tissue decreased (P <0.05).
Compared with the model group, the levels of fasting blood glucose, and IL-18, serum TNF-a, MDA, ROS, NOX4, and
phospho-p38 MAPK proteins in kidney tissue of the positive control group and high dose experimental group decreased ( P<
0.05) ; and the levels of SOD, SOD/MDA, Nephrin, and Podocin proteins in kidney tissue increased ( P<0.05). The
levels of fasting blood glucose, and IL-1B, serum TNF-a, MDA, ROS, and NOX4 proteins in kidney tissue of the middle
dose experimental group decreased (P<0.05); and the levels of SOD, SOD/MDA, Nephrin, and Podocin proteins in
kidney tissue increased (P<0.05). The levels of fasting blood glucose, and IL-1, serum TNF-a, MDA, and NOX4
proteins in kidney tissue of the low dose experimental group decreased (P<0.05) ; and the level of SOD in kidney tissue
increased (P<0.05). Compared with that before administration, the fasting blood glucose level of the positive control
group, and the experimental (low, medium, and high dose) groups decreased after administration ( P < 0.05).
Conclusions  Barbaloin can inhibit the NOX4/R0OS/p38 signaling pathway to achieve anti-inflammatory actions and
podocyte recovery.

[ Keywords] barbaloin; diabetic nephropathy; podocyte; nicotinamide adenine dinucleotide phosphate oxidase 4/

reactive oxygen species/p38 mitogen activated protein kinase signal pathway
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Table 1 Comparison of fasting blood glucose levels before and after administration in 6 groups of rats

45

Groups

2825 (mmol /L)

Before administration

#5255 (mmol/L)

After administration

IE# 41 Normal Group
HERIZ Model Group
FAAH:XT B4 Positive control group
G S04 Low dose experimental group
RIS 4 Medium dose experimental group
A S High dose experimental group
F
P

8.47+1.26 8.68=1.35
26.88+3. 82" 27.15+4.05"
27.56+3. 14" 12.65+2. 512
28.12+3.86" 14. 81£2. 372
27.95+3.58* 10. 36+ 1. 68%4
28.36+4. 06 8.94=1.59*4
21.326 65.517
0. 000 0. 000

T S IER AL, * P<0. 055 SHIRILH A LL, *P<0. 05; S 42 AR L, © P<0. 05,
Note. Compared with the normal group, * P<0.05. Compared with the model group, #P<0. 05. Compared with before administration, * P<0. 05.

R2 6 HARFUMIET IL-18 TNF-a K F L (& +5, n=8)
Table 2 Comparison of IL-13 and TNF-a levels in serum of 6 groups of rats

21 51 Groups

IL-1B (ng/L) TNF-a( ng/L)

1EH 41 Normal Group
HiRIZH Model Group
FHA:XT BRZH Positive control group
IG5 SE 882 Low dose experimental group
P R SC 4 Medium dose experimental group
FE RS ER 4 High dose experimental group
F
P

3.150. 41 4.88=+0. 53
10. 15+1.25" 12.25+2. 15"
4.21+0.53* 6.52+0. 77*
8.37+0. 45* 8.42+0. 95*
6. 15£0. 72* 6. 18+0. 52*
3.94+0. 44" 4.48=0. 56*

126. 093 56.694

0. 000 0. 000

L HIEWALIL, * P<0.05; SR ML, *P<0. 05,

Note. Compared with the normal group, * P<0.05. Compared with the model group, *P<0. 05.
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ERA
Normal Group

B %o R4

RS A

[ Filled e

Low dose experimental group Medium dose experimental group High dose experimental group

T BEHETL o B/NR B AR RN ) B R OAHTk b B/ ME LA E T ; G B /INE P I s s i /NE S D i 25 th /N

1 6 IRREALUEE L
Note. Black arrow a, Lumen of glomerular epithelial cells ( podocytes). Black arrow b, Lumen of renal tubular epithelial cells. G, Renal
tubule. P, Proximal curved tubule. D, Distal curved tubule.

Figure 1 Morphological changes of kidney tissue in 6 groups of rats

£3 6 ARRELILUT SOD MDA ROS KV HAR( & +5, n=8)
Table 3 Comparison of SOD, MDA, and ROS levels in kidney tissue of 6 groups

2[5 Groups SOD( U/mL) MDA ( pmol/L) SOD/MDA ROS(ng/L)
1E% 2 Normal Group 23.15+3.57 38.75+5.56 0.61+0. 18 360. 15+46. 82
FEFIZH Model Group 6.90+0.75" 125.82+24.33* 0.05+0.01" 475.66+54. 86"
BHAA X BEZH. Positive control group 20.55+3. 14* 46. 15+7. 32* 0. 45+0. 09* 400. 68+53. 15*
I 525820 Low dose experimental group 14.52+2.32% 100. 56+ 14. 37* 0.14+0. 03 425.61+43.15
H 3R S5 2H Medium dose experimental group 16.33+2. 14* 65.17+8. 14* 0. 26+0. 06" 395. 56+40. 23*
FR S8 2H High dose experimental group 20. 38+2. 62* 45.38+5.91* 0. 45+0. 08" 386. 18+38. 16*
F 40.916 60. 715 42.228 5.820
P 0. 000 0. 000 0. 000 0. 000

T HIEFAMIL, * P<0.05; SR L, *P<0. 05,
Note. Compared with the normal group, * P<0.05. Compared with the model group, *P<0. 05.
200000

3 A
e B
_J¢
o D

150000 -

A B ¢ D E F
Nephrin 138x10° 2
o3
R4 s R R > 100000
Podocin 42x10° K g
i S 3 TR
50000

IR B 5 F LA HUR AT AR Hrh e -3- B RR B A
Nephrin Podocin GAPDH

TE: A IER A B BRI C . FEVEXT B D ARG SCI0 20 s B P SEER A  F . iSOl . SIERALL, * P<0. 05; SRR, ¥ P<0. 05,
2 6 H'BFHAH Nephrin , Podocin FHKF
Note. A, Normal Group. B, Model Group. C, Positive control group. D, Low dose experimental group. E, Medium dose experimental group. F,
High dose experimental group. Compared with the normal group, * P<0.05. Compared with the model group, *P<0. 05.
Figure 2 Nephrin and Podocin protein levels in 6 groups of kidney tissue
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Note. A, Normal Group. B, Model Group. C, Positive control group. D,

Low dose experimental group. E, Medium dose experimental group. F, High

dose experimental group. Compared with the normal group, * P<0.05. Compared with the model group, *P<0. 05.
Figure 3 NOX4 p38 MAPK  phospho-p38 MAPK protein levels in 6 groups of kidney tissue
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AR AL S, p38 MAPK & 4% 1k, T fL )5 19 p38
MAPK Z: 5 40 g A= & | 43 fb B R E | S8 AR B i sk
TR A M A8 5 R p38 MAPK & % HOE A
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