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Research of rosmarinic acid inhibiting macrophage M1 polarization and alleviating

lipopolysaccharide — induced acute kidney injury
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acid in reducing sepsis related kidney injury. Methods In the animal experiment, BALB/c mice were randomly
divided into animal control group, animal model group [ 10 mg - kg ™" lipopolysaccharide (LPS) modeling], animal
low — dose experimental group (modeling + 10 mg + kg ™' rosmarinic acid) and animal high — dose experimental group
( modeling +20 mg « kg ™' rosmarinic acid) , with 10 mice in each group. In the cell experiment part, RAW264. 7 cells
were randomly divided into cell blank group, cell model group (1 pg + mL™" LPS) , cell low — dose experimental group
(modeling +20. 00 pmol + mL ™" rosmarinic acid) and cell high — dose experimental group ( modeling +40.00 wmol + mL ™'
rosmarinic acid ) . Serum and renal tissue inflammatory related indicators were analyzed by enzyme linked
immunosorbent assay ( ELISA) kit and real — time fluorescent quantitative polymerase chain reaction ( RT — qPCR).
Renal tissue differentiation cluster 86 ( CD86) * cells and F4/80 " cells were co — located by immunohistochemistry.
Results In the animal experiment part, the serum creatinine ( Scr) levels of animal control group, animal model
group, low — dose experimental group and high — dose experimental group were (14.80 +0.73), (59.73 £6.79),
(50.06 +5.12) and (43.62 +3.73) mmol - L™
were (1.26 £0.11), (4.74 +0.11), (3.86 £0.23) and (2.48 +0.28) U - L', respectively; the levels of tumor
necrosis factor — alpha ( TNF - o) were (14.00 = 1.47), (8590 = 6.66), (64.97 £ 5.62) and
(46.84 £1.95) pg - mL™", respectively; the levels of interleukin (IL) —6 were (6.93 +0.47), (50.05 +3.84),
(39.93 £3.50) and (27.26 +2.09) pg - mL™", respectively; the levels of 1L — 1 B were (22.17 +2.27),
(122.42 £12.77), (91.54 +6.84) and (61.23 +6.31) pg - mL~", respectively; the CD86 */F4/80 " co — located
cells were (100.00 +4.85)% , (476.99 £39.89)% , (322.15 £24.15)% and (219.90 £19. 81) % , respectively.

There were statistically significant differences in the above indexes between animal model and animal control group,

, respectively; the levels of inducible nitric oxide synthase (iNOS)

between low — dose, high — dose experimental groups and animal model group, and between high — dose experimental
group and low — dose experimental group (P <0.05, P<0.01, P <0.001). In the cell experiment, the relative
expression levels of iNOS mRNA in the cell blank group, cell model group, cell low — dose experimental group and cell
high — dose experimental group were 1.00 +0.10, 3.26 £0.31, 2.51 +£0.27 and 1.94 +0. 19, respectively; the
relative expression levels of TNF — o mRNA were 1.00 £0. 14, 2.54 +0.26, 2.07 £0.22 and 1.77 £ 0. 18,
respectively; the relative expression levels of IL — 18 mRNA were 1.00 +0.12, 2.24 +0.30, 1.83 £0.22 and
1.52 +0. 17, respectively; the relative expression levels of IL — 6 mRNA were 1.00 = 0.08, 2.43 + 0.17,
1.85+0.21 and 1.54 £ 0.16, respectively. There were statistically significant differences in the above indexes
between cell model group and cell blank group, between low — dose and high — dose experimental groups and cell model
group, and between high — dose experimental group and low — dose experimental group (P <0.01, P <0.001).
Conclusion Rosmarinic acid plays a protective role in LPS — induced acute kidney injury by inhibit macrophage
activation and inhibition of their transformation into M1 - type macrophages.

Key words : rosmarinic acid; sepsis; acute kidney injury; M1 macrophage; inflammatory response
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AmE5iIRF  HKiEFFBR (rosmarinic acid, RA) , i
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HRE A PR B A BR 2 ) AR 775 g 224 (lipopo-
lysaccharide ,LPS) , #L#% .5 mg, 4t 5-:20250113, |- &
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&, Yk bR I A Wy RN PR A R AR IR RRS -
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AR BR 2 Bl A2 57 3 14/80 70 AL 7% 86 (cluster of
differentiation 86, CD86) Fll if5 5 Al — & fk A & i
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A ¥ — a(tumor necrosis factor — alpha, TNF — o) | [ 2l
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Table 1 Primers sequence of each gene

15, B D RE A A U 7 A — ZR A g B P A S S R
B AKIL, LPS 7] DL B $238 i B 400 , A [ 45 1 e AR
' U200 ML B A LR BT, 51 B A A, A A
PE AKL g iiml 5 -0 5k, BT, AR S H O
RS R[4 ] T LPS AT A4, /I Bl Iz 14 4 53
UG, — R IE T 10 mg - ke ™' ¥ LPS # 4 AKI
R

2.1.2 HYMHESHWMLETE

W/ N ERBEHL 5 A Sl % B4 sh i RV AL L 3
IR B S g 2R AN Sl e R i S g 2, B H 10 H/N,
B st B AN AR A 35 I s 14 44 10 mg - kg™ LPS
AL, Bl RT B ZE M S5 4 0] o Y 2R SR K A
B, SR R i S g 2 /N R LPS J5 3 h 43
PG AT 10 20 mg - kg™ AR FIR, 1 K 1K, 3%
SRR 4 d, YA R g A Bl ikt BR AN BRUKE I 1 G
SERN R A FEER K R IR 452 24 h G IE ESIBCR 4%
FH L IFAbFE /N BB B A 24
2.1.3 A4 &N miE miE AR & ( serum
creatinine, Scr ) 1 R & 2 ( blood urea nitrogen,
BUN) 7k !

B4/ B4 bR A, PA 2 000 ¢ - min ' B
15min J5 WA ML , 28 J5 14 B 3 2R A6 2 A A0k
Ser 1 BUN 7K,

2.1.4 RT - ¢PCR X854 1H % mRNA 134 %&
Ik

WA & 2H /N BUEFZH 21, ] TRIzol 2542 HUEL RNA
ORI o 5 AN B ), 9K 05 TR &fF RINA 0 4 g
B DNA, FFi#EA7T 52 50 5E £ PCR 978, AUH Il -
3 - B I & % ( glyceraldehyde — 3 — phosphate dehy-
drogenase, GAPDH) Jy N %, i+ 8 NGAL, TNF - o,
IL -6 IL - 1B H1 iNOS mRNA A%} kK ¥, 514 5%
IR,

2.1.5 HE &0 SARREERE"

WAV A 2 4% 22 R PR [ 2 B 2

Gene Forward primer (5 —3") Reverse primer (5’ —3") NCBI reference sequence
NGAL( Len2) GGAGCGATCAGTTCCGGG CTGATCCAGTAGCGACAGCC NM_008491. 1

TNF — « GATCGGTCCCCAAAGGGATG CCACTTGGTGGTTTGTGAGTG NM_001278601. 1

IL -6 GACAAAGCCAGAGTCCTTCAGA TGTGACTCCAGCTTATCTCTTGG NM_001314054. 1
IL-1pB TGCCACCTTTTGACAGTGATG TGATGTGCTGCTGCGAGATT NM_008361. 4
iNOS CTAGTGAAGCAAAGCCCAACA CCTCACATACTGTGGACGGG NM_001313921. 1
GAPDH ACCCTTAAGAGGGATGCTGC CCCAATACGGCCAAATCCGT NM_001289726. 2

NGAL: Neutrophil gelatinase — associated lipocalin; TNF — o: Tumor necrosis factor — o; IL — 6 Interleukin — 6; iNOS: Inducible nitric oxide synthase;

GAPDH: Glyceraldehyde —3 — phosphate dehydrogenase.
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F oyt
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2.2 ZHREsRIE
2.2.1 #HpasEz"

RAW264. 7 /)N GLEAA% W 240 i ] DMEM 1% 35 3 1k
TG B ARSI 1% FEEE R NPT 10% 410
T8 DAZEASE 40 M 1 55 394 5 5 TR S A= 0 G o A
BTRFRAAPEER (37 °C,5% CO,) , 4 H B & Bk
B NSRS S A KRS . R KA A Rk
1| 80% FoA7 i FEH ML AN MLAZ A i AT IH AL AT
FARHERD  PRUEAN AL T R AR KRS
2.2.2 MRS ESRIERZE

¥ RAW264. 7 2 L B BL 70 by 4 M 2 2 200 A
TUZH AT A0 s S B 2 | A0 e AR e S S AN A
RIZHF 1 g - mL™" LPS i3 24 h, 40 #1657 = 52 5
ZH 5] LPS B 40 A8 2 h J5 /A 20.00 wmol - mL ™'

40 CD86 * ZHiaA

R2 AU/ FOIRERE bR LER (& £55)

Wik H BRI F MR E 24 h, 40 M 5 5 B 5L 56 415
1 pg-mL™" LPS il ¥ 40 M2 2 h J5 jm A 40.00
pmol « mL ™" Kk FHERIL[FHEE 24 h,
2.2.3 RT - qPCR L3846 N 20 Al 28 1% E F 5 i

WA AL B 5 1 45 40 A, ] TRIzol ¥4 42 U454 fifd
AORNA, SR 5 AR % “2.1.47 gy W K U iNOS |
TNF — o IL -6 F1 IL — 18 mRNA /K-,
2.2.4 HRERERLIIEN INOS Kk

WA AL B 1 25 A1 40 B, 22 3R R &1 22 30 min,
H Triton X — 100 j{F|4bFH 10 min, #RJ5 BSA HH#1 h,
JIA ANOS —Hiial 05 B 0% 05 PR i =R 9 &
2 h, DAPTIAGR e85 min, 20 BB %S
3 GritZEacE

FH SPSS 23.0 AT Gt 43 B, BdlE LA & + s
FOR,2 R FE ST FEAS ¢ K 3y, 22 20 1) L 35 B
EWE 0 T

# R

1 BRIEFEBRIE AKLU/NRIMF S I BEIER
YRR ZH 1Y I T Ser Al BUN JK F- 5 NGAL
mRNAAH X 3 35 7K F 34 1 25 05 T3 Wy X B (1
P <0.001) ; 4% | e ) 2 2 6 20 1 /N BRI Ser Al
BUN /K F-5 NGAL mRNA Fi X} #2356 K73 i K F
PRI (P <0.01,P <0.001) ; 34y i ) 5 55 5
ZH /N BT Ser A1 BUN 7K -5 NGAL mRNA F%F 2
RT3 i AR T s AR il g 4 (P < 0.01,
P<0.001), W32,
2 EEEFEBEE AKI/NR SALRESTL
SR BRZH NS | i 70 B S g 2H /N B 2H Y
TCH R B B S, S AR A A /N BB 2 U IR
R VEAIIRIE , B/ NRESR T NE SR, A T
YR, AR R i S g AL/ BB A 4L A
PR ENAS R REEE st , DL 1

Table 2 Comparison of serum levels of renal function indicators of mice in each group(x s)

Group n Ser(mmol + L") BUN(mmol + L™") NGAL mRNA
Animal control 10 14.80 +0.73 6.31 +0.48 1.00 0. 14
Animal model 10 59.73+6.79%** 24.61 £2.69*** 2.56 £0.33***
Animal experimental — L 10 50.06 £5. 1244 20.43 + 1,948 2.01 £0. 18244
Animal experimental — H 10 43,62 +3, 73008€@ 14,62 + ], 45%080@@ 1.55 +(. [g2aseee

Animal control group:0.9% NaCl; Animal model group:0. 9% NaCl +10 mg + kg ~' LPS; Animal experimental — L. group:10 mg - kg ="' LPS +10 mg - kg ™!

rosmarinic acid ; Animal experimental — H group:10 mg - kg_] LPS +20 mg - kg'] rosmarinic acid; Scr; Serum creatinine ; BUN ; Blood urea nitrogen; NGAL:

Neutrophil gelatinase — associated lipocalin; Compared with animal control group, * ** P < 0.01; Compared with animal model group,** P < 0.01,

A3 p £0. 001 ; Compared with animal experimental — L group,®® P <0.01,“®® P <0. 001.
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Figure 1

TNF - o IL -6 IL — 1@ 1 iNOS 7K F- K mRNA %}
TRV B EAR T SRR (1 P <0.001) 5 3
Wy A S 21 ) LT TNF — o JIL -6 1L — 18 il
INOSZK - K mRNA A% 235 7K F- 3 S E K+ 3 1)
R RS gRZH (X P <0.001) , L3E 3,
5 HFAMRRFIEEBHIT LPS #3%f5 RAW264. 7 4
BRI RIER

AHLG A0 M 25 1 20, 20 M B RY 2 40 Mg 1Y iNOS |
TNF — o IL ~6 I IL — 13 mRNA AHXF R KF-4 3%
THiEr (24 P <0.001 ), 20 B A7) 8 552 96 20 N 40 i v 71
LI A 1 iNOS . TNF — o AL -6 1 IL — 18 mRNA #f
X FRIB K- 2 2 T RE (P <0.01,P <0.001) , H4H
HAIG o 70 SE R 41 ) iNOS \TNF — o UL -6 FIIL - 18
mRNA H%F kK A G2 22 R A G
Y(P<0.01,P<0.001), L% 4,

Renal histopathological injury was observed by hematoxylin eupatorium (HE) staining( x 100)

1:Animal control ;2 ; Animal model ;3 : Animal experimental — I.;4 ; Animal experimental — H.

R3AA/NRUILTE M1 B WA RAR S 5 B mRNA RGBS K HEER (% £ 5)

Table 3 Comparison of levels of serum M1 macrophage — type related factors and the relative expression levels in mice of the mRNA in all

groups(x +5)

Serum levels

Group n

TNF - a(pg * mL™") IL-6(pg - mL~") IL-1B(pg - mL™") iNOS(U - mL.™")
Animal control 10 14.00 £1.47 6.93 +£0.47 22.17 £2.27 1.26 £0. 11
Animal model 10 85.90 +6.66 " * * 50.05+3.84% " * 122.42 £12.77 % * 4.74£0.11** "
Animal experimental — L, 10 64.97 £5. 62444 39.93 +£3. 50444 91.54 +6. 84444 3.86 £0. 23444
Animal experimental — H 10 46. 84 1, 95488e@@ 27.26 2. Q9Asseee 61.23 +6. 31484¢C@ 2.48 £, 282%ece

mRNA
Group n
TNF -« IL-6 IL-1B iNOS

Animal control 10 1.00 +0. 08 1.00 +0. 14 1.00 +0. 06 1.00 £0.17
Animal model 10 2.66+0.19* " * 2.05+0.12%"* 1.85+0.17*** 2.39+0.16***
Animal experimental — L 10 1.91 +0. 13244 171 £0. 14244 1.53 +0. 12244 2.06 £0. 16244
Animal experimental — H 10 1.52 +0. 10288ec@ 1.43 +0. 11 22ec@ 1.24 +0. 1328ece 1.56 £0. 14228ece

TNF — o ;: Tumor necrosis factor — a3 IL — 6 ; Interleukin — 6 ; iNOS; Inducible nitric oxide synthase; Compared with animal control group, * ** P < 0.001;

Compared with animal model group,***P <0. 001 ; Compared with animal experimental — L group,®®® P <0. 001.
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Table 4 Comparison of expression levels of cell - related factors in each group(x +s)

iNOS fluorescence

Group iNOS mRNA TNF — o mRNA IL - 18 mRNA IL -6 mRNA
intensity (a. u. )

Cell blank 1.00 £0. 10 1.00 0. 14 1.00 £0. 12 1. 00 0. 08 1 145.33 £85.73

Cell model 3.260.31%** 2.54+0.26""* 2.24+0.30* " * 2.43£0.17%%* 3090.05 +234.11* **

Cell experimental — L 2.51 £0.274%4 2.07 +£0. 22444 1.83 £0.2244 1.85 £0.21444 2 456.99 +249, 56244

Cell experimental — H 1.94 £0. 19428 @@ 1 77 10, [gasaee® 1.52 20, 174880 € 1.54 £0.164%4¢® 1 554,03 +135. 46444¢ @@

Cell blank group : Normal culture; Cell model group:1 pg + mL ™' LPS;Cell experimental — L. group:20. 00 pwmol + mL ™! rosmarinic acid; Cell experimental — H
group :40. 00 pmol + mL " rosmarinic acid; Compared with cell blank group, * * * P < 0. 01 ; Compared with cell model group,**P <0.01,%**P <0.001;

Compared with cell experimental — I group,®® P <0.01,¢¢® P <0.001.
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o ASHFSE 5845 W20 b Ak X — AKT 28 4T I 5 1
R, B VR R G0 UE S ok 326 7 1R ] 3 2o 40 o) M1 7Y
I A0 B3 A, i LPS 355 S /N BB #5407, b e B3
JiE AKT IR TT $4E T80 K2R 25 ek 5 ML A3 o

AWFFE R, LPS 55 1) AKT BLRY/N RS Ser,
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