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Effect of hydrogen-rich saline on lung injury secondary to
severe acute pancreatitis in rats and its association with
NOX2/ROS/NF-kB pathway
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Abstract Objective: To investigate the effect of hydrogen-rich saline (HRS) on lung injury secondary to severe acute
pancreatitis (SAP) in rats and its association with NOX2/ROS/NF-kB pathway.
Methods: Seventy-two male Wistar rats were equally randomized into sham operation group, SAP model group

(SAP group) and SAP model plus HRS treatment group (HRS group). SAP model was induced by retrograde
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infusion of 5% sodium taurocholate into the biliopancreatic duct. Five minutes after operation, rats in HRS
group underwent tail vein injection of HRS (6 mL/kg), while those in sham operation group and SAP group
were given the same volume of normal saline instead. Rats were sacrificed in four batches with equal number of
animals at 3, 12 and 24 h after operation. Then, in each group of rats, the pathological examinations of pancreatic
and lung tissues were performed, the serum levels of pancreatic enzymes, the malondialdehyde(MDA) content

and superoxide dismutase (SOD) activity, and the expressions of NOX2, NF-kB, and TNF-a in lung tissue were

Results: Compared with sham operation group, rats in either SAP group or HRS group exhibited manifestations
of SAP and lung injury, as evidenced by significantly increased pathological scores of the pancreatic and lung
tissues, elevated serum pancreatic enzyme levels and lung MDA content, and reduced lung SOD activity (all
P<0.05); but all these injury parameters in HRS group, except the pancreatic enzyme levels (all P>0.05), were
significantly lower than those in SAP group (all P<0.05). Results of the immunohistochemical staining at 12 h
after operation showed that the expression levels of NOX2, NF-kB and TNF-a in lung tissue were significantly
increased in both SAP group and HRS group compared with sham operation group (all P<0.05), while all those in

Conclusion: HRS can alleviate SAP-induced lung injury in rats, and the mechanism may be associated with

364 wEERSFRE
measured.
HRS group were significantly lower in HRS group versus SAP group (all P<0.05).
inhibition of the activation of NOX2/ROS/NF-«B pathway.
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SAPZ 5 HRSHI 45 B [A] LAMY . LIPAZ R T
ARG THE ($1P<0.05) ; HRSZ & 0[] & F
RAEPRILSAPLH AT TR, HES TSI E XL
(¥P>0.05) (1) .

F1 BEKRMBEREEKTEILE (X£5)

Table 1 Comparison of the serum levels of pancreatic enzymes among groups (x+s)

B AMY (U/L) LIPA (U/L)
21 5]
3h 12h 3h 12h 24 h
RFARA 104231162 1063.5+149.1 1106.1+138.9 903+7.9 87.5+8.9 963+ 11.7
SAP 4 3454.0+439.5" 5095.0+499.8" 7128.6+661.2" 9184 +106.6" 1875.9+106.8" 2104.2+232.4"
HRS 4H 3122.1+421.9" 4873.7+£3793" 68105+794.4"  857.0+99.5" 1797.8 £ 143.5"  1948.9 + 138.1"

H: 1) SEFRAFMBE SR, P<0.05

Note: 1) P<0.05 vs. sham operation group at the same time point

2.2 FhZA42 MDA, SOD HjZE{k

SA P 45 B [A] 5 i 2 ZIM D A 5 5 Bifi B[] 928
Kz, SN MEEZRHNE, S®RFEAR
MM AR RS, ZRASITHEEX
(¥JP<0.05) ; HRSZ H:MDA % 5 5 SAPLL X} if
[i] s O A T A, (B AT e T 4B T AR 2 A g 1 TR
M, ZRASIFEE X (¥P<0.05) o SAPA KR

il ZHZLSODIK -3 hisf [H] sS4 TR, 12 hfmfik .
B24 hIgMTFE, H12 h524 Wil A mfE S SOD
KV 2R gt & L (P>0.05) . HRSH
SODE F1 /K B SAPL AR R B[] J5FH i, 2R AH 5
IR (¥P<0.05) , HIMETRF R4, %
SAEGIEE L ($#P<0.05) (F£2)

F2 FBHEKRAHELS MDA &8, SOD iFtELE: (x+s)
Table2 Comparison of the MDA content and SOD activity in lung tissues among groups (¥+s)

g5 MDA ( nmol/mg ) SOD (U/mg)
3h 12h 24 h 3h 12h 24 h
BRTFAR4 1.89 +0.34 1.92 +0.62 1.88 +0.56 129.6 + 8.3 1345112 137.3+9.5
SAP 41 3.88 + 0.64" 5.37 + 1.05" 6.86 = 0.83" 96.6+6.1" 74.6+9.5" 81.5+7.9"
HRS 41 2.75+0.47"? 4.05 +0.99"? 495+ 1.03"? 114.1£9.5"? 97.5+ 82" 100.5 = 7.4"?

T 1) ST AL E LE, P<0.05; 2) 5 SAP 2N H] 5 1LEL, P<0.05
Note: 1) P<0.0S vs. sham operation group at the same time point; 2) Note: 1) P<0.0S vs. SAP group at the same time point
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20 M R 10 R RE A T R A 5 i U 4 2 e ] B A If

RN K B A R ek A, R RE AN VR T v b, R
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Table 3 Comparison of the pathological scores of pancreatic and lung tissues among groups (¥+s)

o JERBR L LU BEVT Jili 2] 2O BEVT
3h 12h 3h 12h 24 h
BRFARH 0.22+0.13 0.25+0.26 0.29 +0.21 0.59 +0.11 0.61 £0.16 0.61 £0.21
SAP 4H 7.03 +1.23" 10.47 + 1.69" 13.97 +1.91" 1.23+0.19" 3.62 +0.29" 5.42+0.81"
HRS 41 471 +1.08"? 6.78 + 1.47"7 10.31 +£2.08"? 0.69 +0.21"? 2.12+0.33"? 33204177

W 1) SERFARAMNIEA L, P<0.05; 2) 5 SAP 4UHIN ] A e, P<0.05
Note: 1) P<0.0S vs. sham operation group at the same time point; 2) Note: 1) P<0.0S vs. SAP group at the same time point

2.4 FfiZEZH NOX2, TNF-o B NF-«k B &Rix
NOX2FITNF- o 7 fitfi 40 2L rp 1y BH 1 3% 35 2 41
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B 1 EALENEA 12 h FiALAF NOX2 EEHRIE ( x400)

ikl igad=n

Figure 1 Immunohistochemical staining for NOX2 expression in the lung tissue 12 h after operation (x400)
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E2 fEANKENEH12hHARS TNF-« EERE ( x400)  A: TFARY4; B: SAP4UL; C: HRS4L; D: #£41%
BEALTEST AR
Figure 2 Immunohistochemical staining for TNF-aexpression in the lung tissue 12 h after operation (x400) A: Sham operation group;

B: SAP group; C: HRS group; D: Comparison of the immunohistochemical scores among groups

7o £ T NN P
B3 EEHAKENEE 12 h fliHSAH NF-k BEARIE ( x400) A: BFARYL; B: SAP4; C: HRS4L; D: &4
FEAALIESY He A

Figure 3 Immunohistochemical staining for NF-xB expression in the lung tissue 12 h after operation (x400) A: Sham operation group;
B: SAP group; C: HRS group; D: Comparison of the immunohistochemical scores among groups
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ARG, IR 7 KT B LA I BR A A R 2 Y RE
J1o AWFFER I, X HESAPLL A& W] &, HRSZ %
Bf ) A MDA 7 5 B I B AR . SOD/K A 18 2 &
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