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Abstract: Acute liver injury (ALI) is one of the common severe diseases in clinic, which is characterized by
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redox imbalance and inflammatory storm. Untimely treatment can easily lead to liver failure and even death.
Rosmarinic acid (RA) has been proved to have anti-inflammatory and antioxidant activity, but it is not clear how to
protect ALI through antioxidation and inhibition of inflammation. Therefore, this study explored the therapeutic
effect and molecular mechanism of RA on ALI through in vitro and in vivo experiments. In the mouse ALI model,
the effects of RA on liver function and inflammatory indexes were studied, the pathological changes of liver were
observed by HE, the effect of RA on reactive oxygen species in liver was detected by fluorescence method, and the
level of F4/80 in liver tissue was detected by immunohistochemical method. The levels of thioredoxin interacting
protein (TXNIP), NOD-like receptor protein 3 (NLRP3) and cysteinyl aspartate specific proteinase-1 (CASPASE-1)
in liver tissue were measured by Western blot. All animal welfare and experimental procedures follow the rules of
the Animal Ethics Committee of Southwest Minzu University. /n vitro, human hepatoma cell line HepG2 was used
to establish the model of oxidative damage induced by H,O,. The cell viability was detected by CCK-8 method.
The level of interleukin-14 (IL-1f) in the supernatant was detected by enzyme linked immunosorbent assay
(ELISA), the activity of lactatede hydrogenase (LDH) was detected by LDH kit, and the level of ROS was detected
by fluorescence probe DCFH-DA labeling. The mRNA expression of Txnip, Nlrp3, Caspase 1, 111§ was detected
by real-time fluorescence quantitative PCR (qPCR), and the protein levels of nuclear factor erythroid-2 related
factor 2 (NRF2), TXNIP, NLRP3 and CASPASE-1 were measured by Western blot. The results showed that
compared with the model group, the degree of liver swelling, tissue injury, liver function index in RA group were
significantly lower than those in model group. And RA significantly attenuated the increases of ROS in liver tissue.
The expression levels of TXNIP, NLRP3 and CASPASE-1 in liver tissue were significantly lower than those in
model group. Additionally, RA inhibited the expressions of F4/80 and IL-1p. In vitro experiment, compared with
model group, RA effectively inhibited the secretion of IL-15 and LDH. The level of ROS also decreased
significantly. RA inhibited the mRNA expressions of Txnip, Caspase 1, Il1f5. Furthermore, RA significantly
increased the expression level of NRF2 protein in nucleus, and decreased the expression level of TXNIP and
NLRP3 protein. Specifically, with the addition of ML385, the effect of RA on NRF2, TXNIP, NLRP3, CASPASE-1
protein expression was reversed. Collectively, these findings suggested that RA may inhibit the production of ROS
by promoting NRF2 nuclear transfer, and then reduce the activation of NLRP3 inflammatory bodies by TXNIP,
reduce cell death and inflammatory response to prevent the liver injury.
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Table 1 Gene primer sequences. Txnip: Thioredoxin-interacting
protein; Nirp3: NOD-like receptor protein 3; Caspase 1: Cysteinyl

aspartate specific proteinase 1; //: Interleukin

Gene Primer sequence

Txnip Forward 5-CCGAGCCAGCCAACTCAAGA-3'
Reverse 5-AGACAGACACCCGCCCATCA-3'

Nirp3 Forward 5-GAATTAGACAACTGCAACCTCACG-3'
Reverse 5'-GTTTCAGCACTTCACAGAACATCAT-3'

Caspase 1 Forward 5-TGCAAGAATATGCCTGTTCCTGT-3'
Reverse  5-ACTCTTTCAGTGGTGGGCATCT-3'

11p Forward 5-TTATTACAGTGGCAATGAGGATGAC-3'
Reverse  5'-CCTGAAGCCCTTGCTGTAGTG-3'
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A IR R BT R TROK & 1) ROS, i #4549
T R T RA S 75 38 ik B AR T A S 380 I K 6]
ALL/NER ORGP 4E H, A8 98 FH DHE G A I 25 27
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Figure 1 Therapeutic effect of rosmarinic acid (RA, 5, 10, 20 mg-kg") on acute liver injury in mice. A: Hematoxylin eosin (HE) staining
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microscopic images (scale bars: 100 um) of representative liver tissue slices of each group; B: Liver injury score; C-E: The content levels of
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Figure 2 RA reduces reactive oxygen species (ROS) injury in acute liver injury. Dihydroethidium (DHE) fluorescence staining and fluores-

cence intensity of the liver (scale bars: 100 um). n = 3, x £ 5.""P < 0.001 vs control; ‘P < 0.05, P < 0.01,

vs RA-L

3 RATFHALI/NRAFAL TXNIP/NLRP3 {5 518 8%
EA=ESV
= /K SF B ROS B LLiE A6 TXNIP A 1 38 3
NLRP3. At — K RA & 75 il if TXNIP/NLRP3
S5l R R IR, AT 5T F Western blot v K il
TXNIP/NLRP3 {5 5@ i FAH G M RIL. 4558 Fr
7~ (B 3), 5 control 2H Eb 5%, model 2H /) 5 I 4H 24
TXNIP.NLRP3.CASPASE-1 & H R IE KT &% &
5 model 4L ELER, 1% HP < 771 B 1) RA 2 B8 PG 51477 JH
AU ) TXNIP FINLRP3 25 [ R IA KT, BB G2

P <0.001 vs model; “P < 0.05

B R RA 7 i 40 . 35 0 ) CASPASE-1 &
R IEKF . S2Bs 25 B R B, RA AT 4 il TXNIP/
NLRP3/CASPASE-1 15 5 1@ #% &5 (1 [ 3R ik, i1 72 %
HREA K,
4 RATEE ALT/NRATLHEAR R IEKFE
NLRP3/CASPASE-1 {5 5 i B 0% 7] A 3 40 i
BT, 3G AR R T IL-18 A At g 9 4 5 K %
B 3K IRE R B o ASHIF 5T 9% 240 72 A ELISA ¥
I3 K6 I BT A F4/80 A IL-14 F £k & . 45 R Frn (K
4A), 5 control ZH A Lt, model 21 7] I HH & A% €4, BH 14 F4/



R AR, kR 1E L NRF2 4118 % ROS/TXNIP/NLRP3 15 538 i o 3 2otk AT 43 4 + 1669 -

Con Model RA-L RA-M RA-H

NLRP3

Relative expression of protein

0'0 5@ @\)&@@‘2‘

TXNIP
g 6=
5 i
TXNIP 2
B
= 47
=
NLRP3 2
&
g 2
CASPASE-1 ©
£
5]
f-Actin &~ T
-Q @ > ol
CASPASE-1

biiiiid

Relative expression of protein

Qo & @V&Q@Q

Figure 3 RA mitigated changes in TXNIP/NLRP3 pathway protein levels in acute liver injury. The protein expressions of TXNIP, NLRP3

and CASPASE-1 were detected by Western blot. The bands were obtained under the same exposure durations. n = 3, X £ 5.""P < 0.001 vs

control; P <0.05, "P<0.01,"
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Figure 4 RA reduces CCl, induced acute liver injury by alleviating inflammatory responses. A: The F4/80 immunohistochemical staining

(scale bars: 100 um) and the rate of positives in the liver (n = 3); B: Levels of IL-1/ in liver tissue. n = 6, X 5. ""P < 0.001 vs control; "P <

0.05, "P<0.01, ""P < 0.001 vs model
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Figure 5 RA has protective effect on injured HepG2 cells. A: HepG2 cells were pre-incubated with RA (20-80 umol-L™") for 24 h and then
exposed to H,0, (1 000 umol-L™") for 6 h, the cell viability was determined by CCK-8; B: The changes of LDH level in HepG2 cells treated
with RA and H,O, for a certain time were detected by kit; C: The changes of IL-15 level on HepG2 cells treated with RA and H,0, for a
certain time were detected by ELISA. n =6, x £s. P < 0.01, P < 0.001 vs control; “P < 0.01, ""P < 0.001 vs model; ““P < 0.01, “**P <
0.001 vs RA (20 pmol-L™)
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Figure 6 RA inhibits H,O,-induced activation of ROS/TXNIP/NLRP3 pathway in HepG2 cells. A: DCFH-DA fluorescence staining and

fluorescence intensity of HepG2 cells (scale bars:100 pm); B—E: Western blot analyses of TXNIP, NLPR3 and CASPASE-1 with densitometry;

F-I: The mRNA expressions including Txnip, Nlrp3, Caspase 1 and 111 were measured with real-time PCR. n = 3, x = 5.""P < 0.001 vs

Hk
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Figure 7 RA increases the expression of nuclear factor erythroid-2 related factor 2 (NRF2) protein in the nucleus and inhibites the increase
of TXNIP, NLRP3, CASPASE-1 protein and IL-15 lever, which could be partially eliminated by NRF2 inhibitor (ML385). A-E: Western
blot analyses of NRF2, TXNIP, NLPR3 and CASPASE-1 with densitometry; F: The levels of IL-14 measured by ELISA kits. n = 3, x £ s.
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