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Combined effects of gallic acid and ciprofloxacin on the murine chronic rhino-

sinusitis model in mice
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Abstract This study aimed to detect the combined effects of gallic acid (GA) and ciprofloxacin ( CIP) on the
murine chronic rhinosinusitis (CRS) model in mice. Pseudomonas aeruginosa from refractory CRS nasal samples
were isolated and a CRS model in mice was induced. GA and CIP were intragastrically administered singly or in
combination. The nasal histopathologic change was observed by hematoxylin and eosin ( HE) staining. The
concentration of TNF-q, IL-6 and IL-8 in serum were determined by ELISA assay. The activity of SOD and
contents of MDA and ROS were measured with commercially available kits. The expressions of IkB, NF-kB p65,
TNF-a, IL-6 and IL-8 in nasal mucosa tissues were measured by Western blotting assay. The results showed that
the inflammation of CRS in each treatment group was significantly attenuated. The expression level of TNF-q,
IL-6, IL-8, MDA, NF-kB p65 and the contents of ROS were reduced significantly in treated groups, while the
activity of SOD and the expression level of IkB were increased. More obvious effects were achieved in CA and CIP
combined group. The data showed that combination of GA and CIP was superior to GA or CIP alone, and the
combined therapy might be related with inhibiting NF-kB signaling pathway and downregulating the expressions of
TNF-o, IL-6 and IL-8.
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Figure 1 Effects of gallic acid( GA) and ciprofloxacin ( CIP) on the
nasal histopathologic change (HE, x400)
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Figure 2  Effects of GA and CIP on expression of TNF-a,IL-6 and IL-
8 in murine chronic rhinosinusitis( CRS) model by ELISA (x +s,n =
8)

#P <0.01 vs control group; * P <0.05, * * P <0. 01 vs model group;

A2P <0.01 vs GA + CIP group
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KA T 35% (P <0.05) f133% (P <0.05) . 254
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Table 1 Effects of GA and CIP on superoxide dismutase (SOD) , malondialdehyde (MDA ) and reactive oxygen species ( ROS) in murine CRS model
(x+s, n=8)

Group SOD /(U/mL) MDA/ (nmol/mL) ROS /(U/ g prot)

Control 105.02 +£15. 13 3.62 +1.28 34.34 £8.22

Model 52.87 +10.63% 8.94 +2.73* 74.92 =14, 24*

GA 77.58 £12.78* * 4 6.43 +1.81* 44 48.82 9. 6744

CIP 85.23 £13.88" " 5.69£1.56" 50.02 £14.31*%

GA +CIP 98.32+18.11"* 4.31+0.77"" 38.18 +8.82* "

#P <0.01 vs control group; * P <0.05, " * P <0. 01 vs model group;“ P <0.05,2% P <0.01 vs GA + CIP group

3.5 BaBRasF X HRTF TNF-o 116 1L-8 4
P&

Western blot £ il &% 5 B 20 24 v 58 1 H +
TNF-o [ TL-6 F1 TL-8 {28 [ K3k K, 25 SR an &l 3
Ftn o 5 %F R AH F, CRS 45 7Y 21 B %) i 2 41
TNF-o \JL-6 \IL-8 & B ET & (P <0.01), 5

Control Model GA  CIP GA+CIP

PRI LL , 45 25 016 97 41 TNF-o \IL-6 | 1L-8 ik
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IR B INE R (P <0.01) , 8] GA &5 CIP B H]
LU Bk A B R A A il CRS /) B b i 4 21
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Relative protein expression

Control ~ Model GA CIP
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Figure 3 Effects of GA and CIP on expression of TNF-a,IL-6 and IL-8 in nasal mucosa tissues of murine CRS model by Western blot (x +s,n=8)
#P <0.01 vs control group; * * P <0. 01 vs model group; % P <0.01 vs GA + CIP group

3.6 BAERELLL P [kB Fo NF-kB p65 64 £k
Western blot 40 & 7k X 2H 21 7 1kB il NF-kB
p65 HYFIK, ZRANE 4 s . SXFIRAAH L, CRS
RV I A 1 TkB Rk B TR (P <0.05) ]
B NF-kB p65 £k B EThm (P <0.01), 5
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Figure 4 Effects of GA and CIP on expression of IkB and NF-kB p65 in murine CRS model by Western blot (x +s,n=8)
#P <0.05,%P <0.01 vs control group; * P <0.05, * * P <0. 01 vs model group;~ P <0.05,2% P <0.01 vs GA + CIP group

4 1 i

CRS JZ 5o P M 5 SE S IR ST, BEH X CRS i
PEAL R AR T, AT A BRAR 1 A Py s B3 T 3l

AEJE CRS T %E A i LA L 9T A 31 T 24 19 3 22 )
PR R B A T )02 3 A T A R ik
WEAE AN TE , 2 EE B AR PF B T, BB 2R B
FA B A T 3 3 22 2T 2 4 ™ o AR R ST



604 ‘1’ @ F # X # % #i& Journal of China Pharmaceutical University 2015,46(5) :600 — 604

46 %

Ao S s L A ] e A B M BT 1) D IR
/N CRS BEAY , HEUR A2 MEAT & CRS FRifk,

CRS [ 5 2 IR 2H 21 b 58 0 4 il R =7
PR Z AR - (41 TNF-o (IL-6 (1L-8 4%)
KA A L LA ROS S TR A Al RS
F 3 3k f B A B 7 A A3 il 7 ) MDA 45 5
TEC AT JIEE 45 48 52 430, SAE AT T R i R, SOD fig
ARCHBRAE A, i S R R 2 R B A
ARBR , 4EFRFILIAR ROS -, 310 S AE S o A B
FEAR R GA 5 CIP feA A A i 8 K 5 3 A
PP R T TNF-o | IL-6 F1 IL-8 1Y) 23k K-,
/> MDA & ROS & &, 3455 SOD 75k, H 2545
R ARCR I W, 4878 GA &5 CIP B T REA AL
T CRS /INEAAE S B BRI

IEFAEOLT NF-kB ZRK 5 kB 2454 LIRS
PRI AL T 40 B e, 24 40 52 3 b Sl U
NF-kB Z3RAKY IkB 435, 3F A 4H A% 8 455 40 ]
OB 772 A =¥ eSS R & Aol R =11 A S e
P RIAES o NF-kB 38 B AT 50 7E 02 A 5 5 e
TR IR TT T R IR EAE Y . ABRSTSs R E
] GA B CIP REA RUREAR S 2 B ZH U A% 2R B
NF-kB p65 kK-, My 8 H kB 1 &, H.
GA 5 CIP BXFI/E AR B B 3%, #78 GA 5 CIP
156 P BE B P NF-kB 38 FRIS0H 10/ R

GA 5 CIP B HIXF CRS Wy i se 45 R =W
2 AT S8 2 R AIG CRS (1 48 5 K, BRI 5
BB b B b R AR R - 3R 5K, 98/ MDA (ROS B
JIC, G0 SOD i 14, # ] NF-«B il & S . 524
P E AR G, GA 5 CIP B I 25 ROCR T 4,
A REIE A ] NF-«B 3l B , N TNF-o | IL-6
IL-8 B3k LHEVER

2 % Xk

[1] Hamilos DL. Chronic rhinosinusitis: epidemiology and medical
management [ J ]. J Allergy Clin Immunol,2011,128 (4) : 693
-1707.

[2] Dykewicz MS, Hamilos DL. Rhinitis and sinusitis[ J]. J Allergy
Clin Immunol ,2010,125(2 Suppl 2) :S103 - 115.

[3]  Wu KQ. Antitumor activity and mechanism of saikosaponin D
combined with oxaliplatin on A549 cells- bearing nude mice[ J].
J China Pharm Univ( ¥ B) % A+ X 5 341 ) ,2015,46 (3) :355
-358.

[4] Lee DS, Eom SH, Kim YM, et al. Antibacterial and synergic

effects of gallic acid-grafted-chitosan with beta-lactams against

methicillin-resistant Staphylococcus aureus (MRSA) [J]. Can J
Microbiol ,2014,60(10) :629 —638.

[5] Alkan D, Aydemir LY, Arcan I, et al. Development of flexible
antimicrobial packaging materials against Campylobacter jejuni by
incorporation of gallic acid into zein-based films [ J]. J Agric
Food Chem ,2011,59(20) ;11003 — 11010.

[6] Choi HJ,Song JH,Bhatt LR et al. Anti-human rhinovirus activity
of gallic acid possessing antioxidant capacity[ J]. Phytother Res,
2010,24(9) :1292 -1296.

[7] Verma S,Singh A,Mishra A. Gallic acid ; molecular rival of canc-
er[ J]. Environ Toxicol Pharmacol ,2013,35(3) :473 —485.

[8] Hsu JD,Kao SH,Ou TT,et al. Gallic acid induces G,/M phase
arrest of breast cancer cell MCF-7 through stabilization of p27
(Kipl) attributed to disruption of p27 ( Kipl )/Skp2 complex
[J].J Agric Food Chem,2011,59(5) :1996 —2003.

[9] You BR,Moon HJ,Han YH,et al. Gallic acid inhibits the growth
of HeLa cervical cancer cells via apoptosis and/or necrosis[ J].
Food Chem Toxicol ,2010,48(5) :1334 - 1340.

[10] Pal C, Bindu S, Dey S, et al. Gallic acid prevents nonsteroidal
anti-inflammatory drug-induced gastropathy in rat by blocking
oxidative stress and apoptosis| J]. Free Radic Biol Med ,2010,49
(2):258 -267.

[11] Jayamani J,Shanmugam G. Gallic acid,one of the components in
many plant tissues, is a potential inhibitor for insulin amyloid
fibril formation[ J|. Eur J Med Chem ,2014 ,85.352 —358.

[12] Shahrzad S, Aoyagi K, Winter A, et al. Pharmacokinetics of gallic
acid and its relative bioavailability from tea in healthy humans
[J].J Nutr,2001,131(4) :1207 - 1210.

[13] The National Clinical Test Regulation of Operation ( 4= & s Jk#s
4k 4E M A2 ) [ M]. Nanjing: Southeast University Press,
2006 :290.

[14] Jacob A,Faddis BT, Chole RA. Chronic bacterial rhinosinusitis ;
description of a mouse model [ J]. Arch Otolaryngol Head Neck
Surg ,2001,127(6) :657 - 664.

[15] Danielsen KA, Eskeland O, Fridrich-Aas K, et al. Bacterial bio-
films in patients with chronic rhinosinusitis: a confocal scanning
laser microscopy study[ J ]. Rhinology,2014,52(2) ;150 - 155.

[16] Al-Mutairi D,Kilty SJ. Bacterial biofilms and the pathophysiology
of chronic rhinosinusitis[ J]. Curr Opin Allergy Clin Immunol,
2011,11(1) .18 -23.

[17] DuJ,Zhao CY,Wang X. Research progresses on the pathogenesis
of bacterial biofilm in chronic rhinosinusitis[ J]. J Clin Otorhinol
Head Neck Surg (s Jk - 5B vi% sk 20 SMFH 26 &) ,2013,27(8) -
446 -448.

[18] Masak J, Cejkova A, Schreiberova O, et al. Pseudomonas bio-
films; possibilities of their control [ J ]. FEMS Microbiol Ecol,
2014,89(1) 1 — 14

[19] Xiao J,Duan X, Yin Q,et al. The inhibition of metastasis and
growth of breast cancer by blocking the NF-kappaB signaling
pathway using bioreducible PEI-based/p65 shRNA complex nan-
oparticles[ J |. Biomaterials ,2013 ,34(21) :5381 —5390.





