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Efficacy of throat lozenge concentrate in bacterial inflammation resolution
based on the Danio rerio model
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ABSTRACT: Objective To investigate the efficacy of throat lozenge concentrate in promoting the resolution of
bacterial inflammation. Methods Danio rerio model of lipopolysaccharide-induced bacterial inflammation was
employed. In order to analyze the efficacy in bacterial inflammation resolution, the transgenic Danio rerio at 3-day
post-fertilization was randomly selected for setting a normal control group, a model experimental group, a positive

control group and throat lozenge concentrate (at the mass concentrations of 62.5, 125.0 and 250.0 pg/mL) dosage
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groups. Results

Throat lozenge concentrate was found to reduce the amount of neutrophils, decrease the

fluorescence intensity of macrophages, lower the nitric oxide fluorescence intensity at the inflammatory site, and

downregulate the relative expression levels of cox2, myd88, erk2, nf-xb and tnf-a genes, while upregulating the

relative expression level of the ixb-a gene. At a low mass concentration (62.5 pg/mL), the relative expression levels

of inos and il-1f genes could be downregulated Conclusion The throat lozenge concentrate demonstrates efficacy

in promoting the resolution of bacterial inflammation, thereby providing a scientific basis for its application in

product development.

KEY WORDS: bacterial inflammation; throat lozenge concentrate; inflammation resolution; Danio rerio
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Bt (Danio rerio) E:—Fl/INEITH-E f, HARE R4,
B MR BIFIEE 5 NEARRL, e h RN . B
RN bk A A, LIRS B B S | R RAE)S,
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HAYEAMIBECRIG 2, R SE N, DTS EE A0 T P S0
RORLR B RAEEARTT 12—, W2 . AR a]
DA S IR, O PR AR F e bR 22—

HELLTR 7 R MR e REATY Ny = T 1R AN 6 AN
A6 AARAE . BDURAM, R LR &
mb ol e, EUA T RIE DR, AR N A
PSR, SR 2% P HER & 257 i AT 4R 5 T ik
WEHe a7 A B PE AAE T IR R ZhALVE T, i — 2D iR
WRHT A D SOL TR B LA, X T R BOREAR 7 . B
FAE 5 1) HA B 3

1 MR5RE

11 SRE#R

TR AE T Al H R SAE . FUUR . &R
PEL AL T T IRREE IS, ZKEE . Jred . Wi . KA
(S5 T2 S M e A, WO 15%, M EE

FHEET) A RA FRMAE . AHEFE BRI R 46 TR A
FEBAEK D Y, 20.0 mg/mL BRI, BAECEHLA .

PHYEXT B4 R R, AEmEK, #HY
B1828095, FifEBTHL T A (LRI Ay AT BR S 7, v T 44
iAo FH R AU ] A 32.6 mg/mL F1, —20 °CHEFE
1.2 FE5RF
1.2.1 & #

SZX7 f#¥H BB (H A OLYMPUS /A 7l); VertAl
CCD FABL(Ei# £ AR R A PR A, AZ100 HL SR E
SRR BB (H A& Nikon 23 F]); IM-300 2 i 4t
% . PC-10 $i7 4% (H A< Narishige 23 7]); CP214 }5 % H 1K
SECRSFE 0.0001 g, 32 [E OHAUS 43 #l); JP-010T A 75 I i 2k
BLERII T I B Ve A AT BR A Wl); IXFSTPRP-24L 4x H 5
LTI R = O (O S RE O =l = S v i O
Auto-Pure32A 4> FH Sh#% B HE B (BT SRR A FR A w]);
T100 38 2 A Mifi 5 2 SV (polymerase chain reaction, PCR)
P11 (3 H Bio-Rad /A H]); CFX Connect %¢ 652 it PCR Y
(BT BIO-RAD /A wl); HeraeusFrescol7 5 84 4 B 0L
(% [® Thermo Fisher Scientific 23 7]); Nanodrop 2000 £84h-
A WY 4r Y6611 (32 1B Thermo Fisher Scientific 23 ]);
BE-6100 fo{ALAR 2 R 5 Co HL ORI 77 AR DL /R AS 2 1l i
FRZA )

122 & A

g £ B% (lipopolysaccharide, LPS) . — H %t W i
(dimethyl sulfoxide, DMSO)(3 [¥] Sigma 23 w); SAALEATEST
WO rERHE 25 A A A, WL R (Ll hr T 41k
FHE B AT IR 2 H]); DAF-FM DA (NO ZO6HEH — AL A
K ER4Er (4 = Beyotime /A F); iTaq Universal SYBR Green
Supermix(3% [E Bio-Rad /3 7]); FastKing cDNA 28 —%E4 i,
WA & (ERRAH KW AR E LB RAF ]
Universal RNA ExtractionTL Kit C(f# LL B4k 4= YRl A R
NGB

1.3 SEIEhY

FEIEDN rp PRI i Ml 20 (558 MPX g RBE D fh, Hedk
N E AR ik (Ot RIE D, B4R AB g REE A,
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B BHOAR RO S B B M AE S 3 d (3 days after
fertilization, 3 dpH)AY B th£a

PED RS T 28 CCIFRA K ORE: & 1 L%
BEK I 200 mg S EEL, HFK K 450~550 pS/em;
pH N 6.5~8.5; FHEE N 50~100 mg/L CaCOs), HIATIMH 4
AR B A A B 2 FI 3R fa o B AR, SRS
VAT HIE B SYXK(#7)2022-0004, 1] 3% 45 30 745 & [ br:
AAALAC AIEGAIES S 001458)AYER, TACUC S HILH
54 TACUC-2023-6807-01,
14 XWFE
1.4.1 sEd & KA M sE

FEMLIEE 3 dpf SR BE S faF 6 FLARH, AFLICR
ML T 30 BEE M, MILARN 3 mL, FEHEEIER
X REZE | AT Xk BE ZH 0 BH P B 4 o 1E X R 4R T
fay gb B, BT XS MR ZH O B ¥ 58 B O S LPS, Mg &
RAE, FFRUNEEST LPS 55 B 1h 1 (1% 248 0 1 28 S A
P X B AT A 7 A 70 X R 4 A R L, AT R IR R
32.6 ug/mL Z R ZERAL . 28 °CAEFR 5 h 5, AHOH R AG
AT
1.4.2 AR R 4 7T AT n O KR N B 2 R KA R
JE

SEURTE £ Ry I B R v AR AN L 4R (5,96 MPX R
BEThfa, SCOGAH I MR AR VT TR R S 125,250,500
1000, 2000 pg/mL, Z25 255 5 1E % X IRZL . BT
WECZH bb A, W A R AR TR B T £ e R A I e
(maximum test concentration, MTC),
143 EEAMER G T AT D & g0 b K R e I 4y
HBAER

SEIS AL A BEMLEEL 3 dpf 5 35 D5 A P A i 4 £ 90
Jt MPX G RBE T, E MR AR T 4 TR S T R
A 62.5. 125.0, 250.0 pg/mL. &% 255 5 1E % XF
WEH | BERUT RR A b 5%, FFAIBENLIEHR 10 BT L) fa 7F 7%
e BB TR R K A, A NIS-Elements D 3.20 15
P B GAE BRER A 43 B 5 SR SR B, 43 BT SRR A Mk
I A
144 EEMER G T AT D & 0 b K B a0 IR 04 0K
BER

SIS W FEHLIEE 3 dpf 5 5L [K B Al i 4 (2. 58 '
RIE A, VBV 4 T 4 T RE AR TSR 62,5,
125.0, 250.0 pug/mL. Z#A 2505 5 1E 5 X B4 . iRl
X} HRZH Heds, BEAHBRENLIEI 10 B D EiETOL B MEE T
FROFRAFE A, JH Image T 1.53k EMRAL FEAR (R 4347 3
AR, 430 RE T AL B WA T R
1.4.5 HEBEMERG TG M X E NO 69

SR M REMLIEE 3 dpf BPAER AB Sh R S, 1
WEBH R 48 T 25 TR S B R R 62.5.125.0.250.0 pg/mL,

AR 2PINA S 5 E R IR . BORIXT IR AL, T NO K
MGE AT Y, Yot ols, RRAIpENLIERR 10 RIS
e AR T A7 Fr, A NIS-Elements D 3.20
15 MG AL PRIR A 43 BT IR AR B, AT RAEFRAL NO 2
JEIREE
1.46 HEvEEREs T L & mEi e LR ER

SEYGZH A AL 3 dpf BFAERY AB b REE A, I
WA T KR 25 TFE LI B 62.5.125.0,250.0 pg/mL,
AT R 3 RS2 28 °CALFE 2 hjm, f#i ] Universal RNA
Extraction TL Kit C $2IUE A BED fa il RNA, FIH &Ik
AT LG G EE T X A RNA ¥ B2 R4l B EA 700 5 . B
2.00 pg BEEhfAFE N RNA, 208 cDNA —8E4 a1 &
VEAIHAE, A% 20.0 pL cDNA, @it q-PCR ¥l B-actin,
inos. cox2. myd88. erk2. nf-xb. ikb-o. il-18 F tnf-o 3
HryREk. H p-actin fENNSIEA, T8 inos. cox2.
myd88. erk2. nf-xb. ikb-a. il-18 F mf-o FEF ) RNA A
X ik,
1.5 HIEALIE

Gt HEE FoR AP B MERTOR . ] SPSS 26.0
BTS00, P<0.05 RIS EA G2 .

2 HRED

2.1 HEMREHRIIMHREKEMRELSR
TEATRRAAET, G4 i 7E 125~1000 pg/mL
JRRWE TR, £olER AT, HAR™ATTH 815
RIVEF o B T MR 48 T AN B 1k 2RE TR DIy MTC
4 250 pg/mL, FELFE 1,

R 1 FREIREEMRYERE T A E 1 R EHR L R (0=30)
Table 1 Results of the efficacy of throat lozenge concentrate of
different concentrations in bacterial inflammation
resolution (n=30)

I e W %

ZH 5 =N -
ﬂiJJ FEE(&T‘E /E: % 2‘%
/(ng/mL)
ERXA - 0 Ty
LAY FE 21 - 0 0 Ty
ERERINT B2
125 0 0 \
AAERL
EjASTAL X RE 4R
250 0 0
AAHRL
CRRIR X BE A AR
eI 500 0 0 Fx*ﬁﬁ}mi T
1000 0 0 LA EIUPIRGEERIN
2000 0 0 B Xt B LRLIR

e RARAEIN, 3£ 2~5. 7~8 [,
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2.2 EMRPEIR AR X 4R E 1 ARE MR 2 AR H IR
A RER

PP 20 R A T P R AE I S R AR R —,
AT 290 i 20 2 3 T 00 R R R A 2 A, 24 A o 4
AR, AR, WRAIED Y AT,
SR VA VT 0 20 A S R T MTC 1R,
i) N UE SR AL MR R AR T R 4 2 3 DRI, AR
i AL R R AR N R D SRR, T T R T R A
2R TP ST TF IR (9 Dk, AR B S 21 B T i b o
PR R, HL PP I MBI A A 1 T R B D 250 pg/mL
F S5 0L 5 B AL B T, MO0 5 i TR
x2. AL
2 ERERE TR A R AR IR R (n-10)

Table 2 Results of the efficacy of throat lozenge concentrate in
neutrophil resolution during bacterial inflammation (n=10)

BUARAEAN R . BIERAE T, BRIy s H
20 e A PRI SO T S 30 e SRR M A TR AR T R
SAEA TR, B A0 O R B A AIG, IR ARRE T AR I 20
PRI/, A A M TR Stk s, LA AR L T 2
SRR RN,

FEABIEGE ST, B 0 U 0 4 7 1 40 P 1 5%
THIRINRAT MTC LFR, [ i3 e SE 0 4L b e 4 7 T 0
Y2l 3 BRI, MARIE T I I AN A ¢ e R AR 1
A7, TR e 4 T B A M SR TS IR Th AL, BLARI N
S 2H 359 T RAIR 5 W A A s, L i R M 4
TRE R 250 pg/mL ASEEGA SR 22 H 2 . PRILER
3. 2.

=3 HMREERGE T AR MK E B R AEH IR LW AR (n=10)
Table 3 Experimental results of macrophage resolution in
bacterial inflammation after treatment with throat lozenge

415 et v 52 SAE L A AR concentrate (n=10)
/(ng/mL) /A 2151 e
Z JUL EE, E ISR A 4] Aol
TF S 2R i 3704037 f(ug/mL) P T ALE MR AN A DO GE
IR R 4 . 38.00+4.45 IEH X IR - 90285+8759""
Z W ZE K 32.6 25.60+2.89" AU XS R4 - 63267243106
62.5 36.70+2.20 LRI FE KA 32.6 308428+64355™
MBS E R 125.0 36.80+3.21 62.5 520677+45168
250.0 26.40+2.02" TR 46 125.0 536819+89749
U SRR AL e 22 S B 3, TSR SR ) A A L A 250.0 423121+45032°

2 SR P 3 (P<0.001), 3 3~4. 7~8 Jdl,

T S
S~ BAE s R

IEH XA BRI B

2 M FEAHAB2.6 pg/mL WM TH62.5 pg/mL

o AR A7 125.0 pg/mL - EHMEREZE 11250.0 pg/mL

T WORLRME T IRALIN H2E; EOIEmN
R AR
Pl 1 TG v A A B B D R SRR T PR A
Btk e 721 ]
Fig.l1 Typical image of neutrophil count at the inflammatory site in
Danio rerio after treatment with throat lozenge concentrate

2.3 HMREEIRE T X A B M ARE B KL 4A AR HIR
R ER
I 200 6 A 200 5V S P 2 TS, R A T O R

L

L FEKAR32.6 pg/mL T MR e 4 1162.5 pg/mL

IR R 250.0 pg/mL

T4 11 125.0 pg/mL

TE: SRSt ni B AL .
[ 2 M e T b B BRE S AE R B AN
Bl JiE L Y ]
Fig.2 Typical fluorescence intensity images of macrophages at the

inflammatory site in Danio rerio after treatment with throat
lozenge concentrate

2.4 EMRHERKGE T E M RE NO #20

TEN T PE RAEARTS T, 5 I 200 0 45 6 02 200 i 2 w3
o O By B R 45 S8 NO 4 i (inducible nitric oxide
synthase, iNOS) ik i, ik LK &R 4 MK iE NO. N
Kl NO, & HRES NO FRSih R F =4 2obE 51
KA, NO ARl Z, DOt ME . 40 0E M R AE THR:
G A LG U8 55, INOS F3h TR, NO A= pliigizb, 26iR
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JEE Wt 2 AT o st 48 DR -1 i ol SR AEAH 5 A5 (U NF-xeB)

Ri, i INOS 5k, NO " Al SO EEREAIR! 1,

TEAWIFE AT, BT MR 4 0 B 200 T 1 R A
THIB I MTC EBR, 1 e S50 2 T W Ml v 4 1 114
G2t 3 AR, IARAEFBAL NO 9¢ 'tui B Bl BRI
filf, MR 46 1 BAT A R R A TR sk, HAGRB
S RAEFRAL NO i IR TR0 B4, Heop,
R W Ve 4 VBT 5 Mk B O 250 pg/mL FY S22 S AR 20 2%
S K4 K3

R4 EMREEREET XA E M SORE NO 2AHIRTI A
SIREE R (n=10)
Table 4 Experimental results of the resolution efficacy of throat
lozenge concentrate on NO levels in bacterial inflammation (n=10)

415 PRALREE g g NoO etz
/(ng/mL)

1EH % HR AL - 268042+24035"
TR %of B £ - 376254+23967
R FEANR 32.6 279430+29973"
62.5 34210137868
T M e v 125.0 341322421840
250.0 275450+27327"

T TG SR X PR A H R 2 S B3 (P<0.01), % 7~8 [Fl,

EH X HRZH

TR 45 7162.5 pg/mL

LR FEAHA32.6 pg/mL

TR VR 4 71125.0 pg/mL | T WA 11250.0

P 3 S e A b BHLS B A SRR TR NO B BE ML gl 5]
Fig.3 Typical fluorescence intensity image of NO at the
inflammatory site in Danio rerio after treatment with throat
lozenge concentrate

2.5 RNA REERESIVIFFIER
TESIIGZR S, IRV AER AB W AK D E RNA,

RNA N AILAE B AL P ey i, HmestFE
S ZE L R S T SRR A JUE T . SRECE K
Jo, FHEESN - WG4y 6 BT I RNA Yk BE K
AsgolArgo LAEL(FE 5)0 Aago Fll Ango 43 3L FE RNA 7E 260 nm
#1280 nm A T IEOGE . T RNA # 260 nm K4k
X S HMNAAT BRI, 2B AT AR5 RNA ik
5 M0 Ageo/Aago HEARLN R ATt RNA 2188 (1) 8 B 454507180,
SRR, Apeo/Aaso HLIEITE 1.8~2.2 Z[H], FERIATH
BETh A 5 RNA AT, SEANAEAER 0 | A5 44 o
(@ 2575 g, o] F T 5 S22 i 5 A W 5% IV (quantitative

polymerase chain reaction, q-PCR)ZL%;

q-PCR SE56 B —Fh e /3 F AW 88 12 AR,
FATXHREE RNA #4108 S50, WMIRA T i R 3k
K 7E q-PCR S8, 51 HE X EEER . 51952
— B BB DNA TS, ERES R B F5 RNA %%
A cDNA 54H45 5, 515 DNA RAEER B Bt
T3, BER S P BOHEIRIIE g-PCR SEER R ¢
FRIRN R 22—, AR R AP B ) 2 AR A5 HERR
8 EARSEDR B, E TR 0 SE B 28 SR AR L0 AR
S1W P53 L3 6.

FT5 B RNABURE R Aso/Ass EEE(N=3)
Table 5 Concentration of total RNA and Aye/Azs ratio (n=3)

. RNA Jii i Ao /A
Y i
g PORRE e
/(ng/mL)
FEAR—BEAR “REAR = BEAR—REAR AR =
1EH X R - 0.780 0.800 0.768 1.84 1.86 1.89
RN HE 44 - 0.742 0.742 0.713 1.87 1.84 1.87
ZELE 32.6  0.804 0.810 0.749 1.87 186 1.87
Kby ' ’ ’ ' ’ ’ '
62.5 0.675 0.677 0.710 1.89 1.87 1.88
IR 1250 0.670 0.678 0.728 1.86 1.85 1.90
W4t ; ; i ; ; i i

250.0 0.718 0.721 0.723 192 195 1.89

*6 SIMFIIER

Table 6 Information of primer sequence

HR 19751

p-actin-F 5'-TCGAGCAGGAGATGGGAACC-3'
f-actin-R 5'-CTCGTGGATACCGCAAGATTC-3'
inos-F 5'-CCTCCTCATGTACCTGAATCTCG-3'
inos-R 5-GCTCCTTGCTTTAGTATGTCGC-3'
cox2-F 5'-ATCCCAGATCCTCAACGCAC-3'
cox2-R 5'-GTGCTACATTACGCCCTCCA-3'
myd88-F 5'-TCCAGTGGTGGACAGTTGTG-3'
myd88-R 5'-CCACCATCCTCTTACACCTTTT-3'
erk2-F 5'-CGGCTTCCTGACGGAGTATG-3'
erk2-R 5'-GGGGAGCCCAAAATACCTAAGA-3'
nf-xb-F 5'-GATGTTCACTGCGTTCCT-3'
nf-kb-R 5'-GTCTTCTGTCTCTTCCTCTG-3'
ikb-a-F 5'-TTCCCTAACTACAGCGGACACA-3'
ikb-a-R 5'-AGGTCTACGGCCAAATGGAG-3'
il-15-F 5'-GTCACACTGAGAGCCGGAAG-3'
il-15-R 5'-GCAGGCCAGGTACAGGTTAC-3'
tnf-a-F 5'-GCGCTTTTCTGAATCCTACG-3'
tnf-a-R 5'-TGCCCAGTCTGTCTCCTTCT-3'
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2.6 SHMEFERAE T AREMRAEEENER

LPS & ¥ 2% £ B34 40 57 41 fifd % 1 20 R 4, A —
WEEE, BRRIEN TR, B vk 40 i &
A RE N, RETESAETRA . LPS W] i 5 I 40 ff Fn
RGO AN F 381 TLR4 NS FIESH S, WIS
RN T nfxh, fEdt—RFVANMN TR R . £k, W0
Q-1 il-12 T tnf-o %5, T G0 8 I8 285 F0 98 E B I 210
il-1 TERAE SN AL 39 A5 B L SRS DA SR S s A,
B 53 A R AR S A . il-1 AT RN [ 4> TR K,
—FNFRA il-Ta, T3—FWFRR il-1B. tnf-o S JAE SV L T
OB REEA RN T, AERTS Tk
J o A B 1Y nforeh A7 E A0 ST P S R A0 A R Y
IkB & 454 . LPS s TLR4 554 MyD88 Bk 41l it (Xl
TR NF-«B, 1xB i 23 0 S 85 B2 b JF A 1«B/NF-«B
AR 1B, B NF-xB?, [K L, NF-«B # 5 5%
AN A b I B R AE A SR (5 5%, {45 inos I

cox2 AFI & FE [H] 5 S 38 3 myd 88 St L R T4 2K 1, %
R EAE IL-1 1 Toll BE3Z 1M 5 i Sl B rh i %5 2 G %2
(A S5 S P o X SE R AR TR T R 200 8 i IH 3T
55 LPS 412k TLR4 A 454516 . LPS il il 5 TLR4
g4y, SEEESLIE I MyDSS, MyDSS 1 i 44 Il 4 T 30%
NF-xB @48, K RAE TV . erkl/2 iht 1) 2 (5 & MAP
WG F RN A . MAP B, FR R 41 A 55 0835 %
fiff (extracellular signal-regulated kinases, ERKs), LPS /55
MAP % B % B2 1L 5F % 3% MEK1/2 . ERKI1/2 ¥,
ERK1/2MAPK {5 538 % 2 5 18 45 20 Jfa J) 300 3k R R 12 46
SEANAL N F 235, BRI BRK1/2 24k i ik
iEPETER S A 0 R R

AR AT, TGRSR cox2, myd8s .,
erk2, nf-kb M tnf-o FEFAXS R L E, IH W ixb-a FEFRAH
f ek, 7R R E (62,5 pg/mL)EF, A R inos.
il-1p FERAR R E =, LR 7~8,

R7 EARERETNEE M KEHRIBER DERER(N=3)

Table 7 Experimental results of the resolution efficacy of throat lozenge concentrate on bacterial inflammation (gene 1) (n=3)

413 ’Tfjﬁ’f inos SEBMIMFKR  cox2 EIAAIAILRE  mydSs EIAMFEAR  ork2 SR Feik Bt
NS apiieE:| 0.556+0.020" 0.389+0.003" 0.244+0.054""" 0.628+0.0117"
AT Xt B 2 1.000+0.096 1.000+0.118 1.000+0.023 1.000+0.066

LRI ZEA NN 32.6 0.543+0.052" 0.416£0.013" 0.469+0.057""" 0.710+0.062"
62.5 0.518+0.028" 0.302+0.010™" 0.485+0.091""" 0.642+0.028"

T W e 4 T 125.0 0.764+0.124 0.325+0.008""" 0.815+0.045 0.630+0.060"
250.0 1.200+0.056 0.281x0.003"" 0.839+0.039 0.701+0.039"

RS HMERGITNAREREHRINER 2)LBERN=3)

Table 8 Experimental results of the resolution efficacy of throat lozenge concentrate on bacterial inflammation (gene 2) (n=3)

215 fug/mL) nf-xb FERAINT LR B d-Ip HINMXTRIR R mfo FERMXTRR R ixb-o LR AT Fk &
pg/m
TE X R4 0.610+0.040™ 0.308+0.043"" 0.373+0.073" 2.160+0.105™
FRIR X BE 2 1.0000.025 1.000+0.031 1.000+0.016 1.000+0.110
L TR I ZE KA 32.6 0.456+0.076" 0.433+0.025™ 0.197+0.032"" 2.290+0.166"
62.5 0.482+0.114™ 0.531+0.065" 0.519+0.108"" 1.250+0.050
TR 46 125.0 0.503+0.054" 1.000£0.135 0.234+0.031"" 1.640+0.063""
250.0 0.454+0.013™ 0.905+0.092 0.309+0.075"" 1.540+0.107""
3 ® L, R RAE RN, - EA —EMPUREIER, X R
=A
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