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WE: BE Mk Amoxicillin, Amx) HA T SHIEIEM, T % D iRkK (PDL)
BAHR . GERITHPIEEE. AT HBIIE AR 8> Amx AR R, ABFF —
A I PR 8 BBk R TR S R EAT T AT . TR DU 58 B 3R 1 Vi S SR e ICR /N
SEANERANBE MR R AR DU FE R AL SUREIR Ay . SO N T RIA SN R bR, B
PDL A1 Amx J5 b fils 58 B 2R Bk S /s BRU 9 (O GRF7 1E . £ PDL VORI Amx B H] g i 2%
I e e B BR A 5 RS IR/ BRI 078, A 24 B LG IR /s SR B RISV E L, 3R Amix
(£:H 0.37 g/kg) 5 PDL (£:H 5.5 mlikg) BXHECETEECH 0.12, Xl G T7 RN
S PN EI A S Al A 320k 21 61.22%, iR B0 258 TR R0 B4R 51— 245441 (P<0.05,
P<0.01) ; Amx (%:H 0.37 g/kg) 5 PDL (%EH 2.75 mi/kg) B B S48 %0Ch 057, M
[IEF o 925000 e S 3 4 B N B R R, S /N RIZE SO B 5 (P<0.01) , [+
P . 25 00 1 4 T R 4 175 3 ) /0 BRI 2ORE R R A 3R -61L-6 (P<0.01) . H4HfiEi/r K-8
/NER Y KC (P<0.05) « MRI¥RSEE - TNF-o (P<0.01) | HAZ A 1k B -1MCP-1
(P<0.01) fIFIETF . G5 PDL AT Amx I X6 it 9 Bk A7k /N BRI 98 ELAT B IR0 ¥ 7 1
F, FENGAR b H A B R A
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Synergistic effect of Pudilan Xiaoyan oral liquid combined with amoxicillin on Streptococcus

pneumoniae infection
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(1. Institute of Chinese Materia Medica, China Academy of Chinese Medical Sciences, Beijing

100700)

Abstract: Objective Amoxicillin has broad-spectrum antibacterial effect. Pudilan Xiaoyan oral



liquid has anti-inflammatory, immunomodulatory and antibacterial activities. In order to enhance
the antibacterial effect and reduce the adverse reactions of amoxicillin, the anti Streptococcus
pneumoniae infection effect of the combination of amoxicillin and amoxicillin was studied.
Methods ICR mice were intranasally infected with Streptococcus pneumoniae. The protective
effect of amoxicillin combined with Pudilan Xiaoyan oral liquid on Streptococcus pneumoniae
infection in mice was investigated by using lung index, lung tissue pathological score and
expression of inflammatory factors as evaluation indexes. Results Amoxicillin combined with
Pudilan Xiaoyan oral liquid could significantly inhibit the pneumonia induced by Streptococcus
pneumoniae in mice. The combination index of amoxicillin (0.37 g kg_1 d‘l) and Pudilan Xiaoyan
oral liquid (5.5g &g * d %) is 0.12, which indicates strong synergism effect on infected mice. Lung
index inhibition rate is 61.22%, and lung index of combination group was significantly lower than
that of model control group and single drug group (P < 0.05, P < 0.01). The combination index of
amoxicillin (0.37 g kg ' d™) and Pudilan Xiaoyan oral liquid (2.75mL kg * d™%) is 0.57, which
indicates synergism effect on infected mice. The combination of the two drugs can significantly
inhibit the weight loss of infected mice, improve the pathological damage of lung tissue (P<0.01),
and significantly inhibit the increase of serum inflammatory factors I1L-6 (P<0.01), KC (P<0.05),
TNF-a (P<0.01), MCP-1 (P<0.01) induced by bacterial infection. Conclusion Amoxicillin and
Pudilan Xiaoyan oral liquid have synergistic therapeutic effect on pneumonia in mice infected

with Streptococcus pneumoniae, which indicates important clinical application value.

[Key words] Pudilan Xiaoyan oral liquid; Amoxicillin; Streptococcus pneumoniae; Synergistic

effect
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(s 8 SRR TR IR L PR i 2k /0 1 A i 250, (R, AR AR AR R BB IR T 5
i K SR BRI FH 2 7 i SR BT B A .

BIZLPEAR CAmoxicillin, Amx) &3 B-IWIBEIEIRPUAE R, MR ¥ A T6 )7 il R BEER
RUMEEN . (EPERET 2 2, FLZG AR BRSBTS % TR (PDLD
RS WA BUEARAE T 4 Fhrh 253 e T s i 2= 5,
AEIE IR TE . BUATI, I PRI SO R SE I BT 70 35 SR ok Tl 6 BT — v 2. Amt e
A i 28 A o T SR 4 /I B e R ASE TR PPEAY 17 S 1 AV A 1 JIRARE 5 BT 5 17 AR P Y 24 5 7 2 B
RIREGN R BRI T R, BT 25 5 PUE R IR G FI 25307 20 B I e MM 28 412 f1t S 98 R4

1 #E
1.1 SEIZEY) PDL, GFINZERERAR, #its: 1701414, MR KO EERIA,
B 10ml/3Z. Amx iIK%E, WZ5ERIHIZ M), #it'S: A1611005, MEIR: AR AR K,

FA%: 0.59.

1.2 SEIEHY)  SPF 2% ICR /N (B ATES : SCXK(5()2016-0011, & H%iE %5 -

11400700216923) , MEkES, A (14#) g, W H Jb R 4EE R LS5 PE R A PR A 7

1.3 Bk ARBEBRE (Streptococcus pneumoniae) , FrEFEFk CMCC31001, W H b 5tdL
DB B AR T, ARSI K NN 5%/I 414 2 L 1] Mueller- Hinton $57%3% ., 35 C.
5% CO2 FKAHALART 1 IF-80 CIRTE

1.4 RAFAUYEE O (EGEBMARFIERARD ; LENA4EEIN (b EE Y
FHEER AT ;5 Mueller-Hinton 32753 (#[E Oxoid A #)) ; ProcartaPlex % K7l 71

& ([ ThermoFisher A %)) ; MAGPIX WA E SN 24 (EH Luminex A#])

2 ik
2.1 ZIE BT FUsErusk. NimRHE A ENEEH 2 g/60kg, o AFIEABILEEH 4
9/60kg. SLERES /N E 5 EEH 0.37 glkg FI%EH 0.74 glkg, 43 ilAH 4TI R LA &

ATl R e K F H . PDL: NI PR FH 98 H 30 mil/60kg, SZE6 /I8 57 A &0 531 4 H 5.5 mil/kg



g H 2.75 mi/kg, 5 BIF 24 FIGRZMEANGER 0.5 577 &. SLIRH KA Amx 2 4N5&E . PDL

2 NGRS 25 [ Amx. PDL ANFEGHIEMI A GH 2577, BATT R IE 1.

2.2 ARIHTREHME  ICR /N 100 N, AR E RN BIE R X R BA HEZE . Amx
(0.74)4. Amx (0.37)41. PDL(5.5). PDL(2.75)41. Amx(0.74) +PDL(5.5)%1. Amx(0.74)
+PDL(2.75)41. Amx(0.37) +PDL(5.5)41. Amx(0.37) +PDL(2.75)4, #4110 H. BRIEH X
HEALAL, BN R B RERRIE,  BL 154007 cfu/ml il 28 S BR 14 B i, f3 A 50 L, IE%
SRR T AR F K . S L h JFURS 2, S 4A 541K 0.2 mL/10g E B 4A 2,
H 1wk, #%:3d; BEEASHes PRSI, [Ek 2 h a7 in R HiRii: 1E
i 0of R AL RS Y o L 2 () 55 S A T 4 T 2R /K o B R RIS BRI o o 28 4 o FR L J i 51
PR 2, TR RO e . e (%) =FiiBE () / fkE (g) X100: fii
FREGNHIR (%) = (B HRZLP 3 Il 2 — 24 PSR 2 1 (BEALR] IR 2H 135 it 4 4L
— IE 0 BZH P 34 fii 6 1) X 100,

2.3 PRITHSIREFRE  KARIIHHZE E T 10%48 /K AR, Mt 1) i e st
PR, B0 100 pm PR 1 9K, 3t 3 5k, W HE Jua, 1E 400 L8 T, AT
KA. 2 Szapiel™ih % 43 ks SRR ME, O~IVRINR: 0% /NEIASL. e B
WA RNAE, MR AR, S5HIER: T4 ARIWHEL. ARG K, HiE5EA R
PRV, SOE R BOR W JRE: [T /NERUBZHZ . e o A 0 B 20 I BROF 28 i 4 i
B, SCREBEAREIRE: TH: DNERIEHR. RN A KRS %0 H G0 28 E
YN, SCAE R AEREE s VS /NRUALZL, Bl P A KB 28 SE 4T i AN 41 440 B 36 A= 4
SR, SCEBIRIEARRAE, K2 T IEW AL,

2.4 PMRILEGREFRMNE PMRTEEESE 4 KRREBRERIMW, 2040 F10E, K
FHBAR S 7 R 4 B R+ IL-6. KC. TNF-a. MCP-1 15515,

25 RGN FE BRI ST M SPSS 20.0 BTSSR, HUEIILL xS £,

/I Bt i BRI L 375 200 DR -3 S8 4L ) B SR FH B IR 3R T 22 43 T /0 Bl i 2 2 2 4 i) L ARk
FARR ARG« A P 25 5256045 B R A CaleuSyn 2.1 BEHEAT Gt S0 M 26kl E AR F AR 00«
CalcuSyn 43 #1771 M4 Prichard A1 Shipman™ i 777%, SR H CalcuSyn 2.1 ¥4 43 #r 5 S 14T
IREFE X i 1 VI 28 AR VBRI ) < 7 b e o VR B2 L I R ot 2, DL SR o JRE Ak P 9k
FHJE Bt F B B 22 24T 4001, 13 2IBA 4540 (combination index, CI) . 7E 95% MIE (S



JEH, Cl< 0.9 N APIZGTEF N 2644 F B W FEER, Cl< 0.1 WA B A A i b [ 7
0.1< Cl< 0.3 B\ N B A I EEH, 0.3< Cl< 0.7 BN EA —E M EEH, 0.9<Cl<1.1
WA BB A IIER

3 4R
3.1 BRE PG R SRR R/ B AR SR PO R P il 48 B IR 1 R Ge IE /1
USSR RAE, Fi iR RN, iSO R B, SRR AL R BB R
(P<0.01) ; HlN ] Amx (5:H 0.74 F10.37 g/kg) A1 PDL (£:H 5.5ml/kg) filifg4 5 2%
R TR B ZH (P<0.05, P<0.01) , PDL 7y 2.75 ml kg™ o It — 52 A5 1 BRI i
BAEH, (HEBAISHBA LR 2R AEE (P>0.05) . Amx (£ 0.74 #10.37 g/kg) 434
5 PDL (:H 5.5 11 2.75 mi/kg) 6 FH PFAr H ot fi 28 B BR B e /N BRUI 28 02 75 B[Rl 4l 4
H, SBCA F 2628 e 50 R TR IR 4H. (P<0.05, P<0.01) , Amx (& H 0.37 g/kg)
55 PDL(%EH 5.5 ml/kg DIk H it 2 T Amx #1 PDL (#5805 FH (P<0.05, P<0.01),
Fli 45 2 A 61.22%, 1 Amx (4£:H 0.37 g/lkg) 1 PDL (5 H 5.5 ml/kg) A& 2540
/N BRI B 1) 22 95 5l Dy 28.49%F1 26.42% (R 1)
2 B8, Amx (4:H 0.37 g/kg) 5 PDL (5:H 5.5 mi/kg) B JRECA TSN 0.12, Xf

il 98 B3 R BN SR B RIAE s Amx (BEH 0.37 g/kg) 5 PDL (EH 2.75 mi/kg) B G BE
H RN 057, RICAHFEER; Amx (B:H 0.74 g/kg) 5 PDL (5:H 5.5 mi/kg) BCH 5
BEATREON 0.91, RIHUOAMMIIMER . 4t Amx (&:H 0.37 g/kg) 5 PDL (£:H 55 . 2.75
mi/kg) XS/ SRR T B4/ F A T 55 Amx 1 PDL (1)
7% 1 Amx Fll PDL Sl 245 J B0k FH 2250 flils 48 BEE R AT R e B30/ B 96 AR it 80 ) 52 ) (n =

100

Table 1 Effects of PDL and Amx used alone or in combination on lung index of mice infected

with S. pneumoniae. n = 10

g e EILIE:
5] i 4/%

PDL/ ml/(kg +d) Amx/g/(kg * d)

1%

Normal -- -- 0.6740.08



Model -- -- 1.1840.17% --

Amx (0.74) - 0.74 1.0040.13" 35.86
Amx (0.37) . 0.37 1.0440.12" 28.49
PDL(5.5) 5.5 - 1.0540.10" 26.42
PDL(2.75) 2.75 - 1.0840.07 19.87
Amx(0.74) N

5.5 0.74 0.9740.17 41.11
+PDL(5.5)
Amx(0.74) )

2.75 0.74 1.0340.17 29.15
+PDL(2.75)
Amx(0.37) D,

5.5 0.37 0.8740.117 " 61.22
+PDL(5.5)
Amx(0.37) o

2.75 0.37 0.99+40.16 38.19
+PDL(2.75)

VE: SIEWARALLE, P <0.01; SHAXTHEAHE, P <0.05 "P<0.01; 5 Amx (0.74)

Lk, “P<0.05; 5 PDLG.S)4LHE, ""P<0.01

Note: x+s. P < 0.01 vs Normal; P < 0.05, ~'P < 0.01 vs Model; “P< 0.05 vs Amx (0.74) used

alone; "*P< 0.01 vs PDL(5.5) used alone

2 Amx A1 PDL JKA FH 2450 M 2 R BR T Rk S50/ )N Bl it A AS 7R i 5 53 ) % IR MR A5 4 4K

Cl HJ52m (n=10)

Table 2 Lung index inhibition rate and combination index of concentrations of PDL combined

with Amx in mice infected with S. pneumoniae. n = 10.

Amx PDL Combination IR/%
Cl

Conc./ g/(kg €) IR/% Conc./ ml/(kg €) IR/%




0.74 35.86 5.5 26.42 41.11 0.91

0.74 35.86 2.75 19.87  29.15 2.31
0.37 28.49 5.5 2642  61.22 0.12
0.37 28.49 2.75 19.87  38.19 0.57

. Conc.: Z9WIIKIE, IR: JilifEEdMHIZ, Cl BCEas. 24 Cl<0.9 W BAAMFEEM: Cl<
0.1 Fon HA MR FIFER], 0.1< Cl< 0.3 Fox A FER, 0.3< CI< 0.7 £ BA WA
YEH, 0.7< Cl< 0.85 F/n LA EE W FIVEH, 0.85< Cl < 0.9 R A RMFIEM, 0.9<Cl
<11 FoR BAHMER.

Note: Cl < 0.9 indicates synergism; ~ Cl < 0.1 indicates very strong synergism, 0.1< CI< 0.3
indicates strong synergism, 0.3< CI< 0.7 indicates synergism, 0.7< Cl< 0.85 indicates moderate
synergism, 0.85< CI < 0.9 indicates slight synergism, 0.9 < Cl <1.1 indicates additive. (Conc.:

concentration; IR: lung index inhibition rate; Cl: combination index)
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Figure 1 Body weight changes during treatment of S. pneumoniae infection in mice with



Amoxicillin and PDL used alone or in combination. n =10, x=s

3.2 BRAFIZX IR SRR G/ BB RARBUH SR BRI it — P %5 Amx Bk &
PDL o Jg e fils 98 BEBR A 5 /)N BRI 2 Ao Y, AR SI2Be ot /N BRI 2GR EAT 1 B 2 W 2
B REER BoR, IEH O RRALN B D) R IR IE R, e st i, BB IR . misa
SR ZEL /N BT S A A KR OB RIS SRR IE A 2R 0, 75 A 3 2 DL b R
FRE, HALAMIB N, TPy KR A 4LV b R A A, N AN 5T, i ] R
ARG YL, NIRRT B S T IEE A A (P<0.01) o Amx ZH/NERUMZH 2375 H B
SRR, TSI, g MR AR A 2 W AR, P A B R VP B R T A K
4 (P<0.01) , {Hfiifa]j5isf o6 SRR, ALLAMfEE HIMR . PDL A/ UL %M
SERA UGS, (HIRRAAE, ABHIR, Ga90Es HIR, i PFIr 5 IR
ALREZER (P>0.05) o BAMZAG, M HRIF, eamiEm. das. i
AR E5) B RIS, R Ao B K TR IR AL (P<0.0D) (& 2,
€3 .

2 3 Amx A1 PDL SR 26 K B A 245068 il 98 BE R T R AL 2500 Bt il A58 firi 2 03 L 7 )

M (n=10)

Table 3 Lung tissue pathology score of PDL and Amx used alone or in combination on mice

infected with S. pneumoniae. n = 10.

& SRETABN TS
ZHA PDL/ Amx/ P
0 [ Il 11 I\
mli(kgd>  9/(kad)
Normal -- -- 10 0 0 0 0 <0.01
Model -- - 0 0 3 5 2 -
Amx (0.37) - 0.37 0 4 6 0 0 <0.01

PDL(5.5) 55 - 0 2 1 7 0 >0.05




Amx(0.37)

55 0.37 0 4 6 0 0 <0.01
+PDL(5.5)
Amx(0.37)

275 0.37 0 4 5 1 0 <0.01
+PDL(2.75)

YE: P value Z67 5 U AL OB P fE.

Note: Comparison of P value with model group.

P 2. i 8 B TR R AR /)N B B 2L U T 3 BRI
Figure 2 Pathological changes of lung tissue of mice (HE stain>400).
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EH/NRIE, /NS 2 AR T IL-6. KC. TNF-o. MCP-1 #JHA B, 5IEH IR
MR BEEZR (P<0.01) 5 BB Amx (B:H 0.37 g/kg) &3 FEAKIMIG IL-6.

KC. TNF-o fl MCP-1 & &, HN A PDL (5 H 5.5 mi/kg) 3% PRI 1L-6 F1 MCP-1
o, PGB B S BRI IL-6. KC. TNF-o fll MCP-1 &, SRR LA 4
BEMZER (P<0.05, P<0.01) : PIZECHXT IL-6. TNF-a Al MCP-1 [ {E 2 R T
Amx (£t H 0.37g/kg) A1 PDL (4 H 5.5 ml/kg) HH24 (P<0.05, P<0.01) (B 3) . B,

PDL 5 Amx B 7T /b il 9 55 R B B4 18 T 10 JORE IR 7O P22

f—
e 25
4 -1 —— ———— ————
20 7
I — T
- I - ——
£ E -
- 8 = 154 T
o
a o
- g T
< 2 T B 1
; 10
2 .
| 5 -_-
0= o
N
o° 82 K IS IS N S 52 AN IS I3 >
< © \Q : \(’3 &) Q0 (6\ © S ® \(ﬁ ’ Q’: ’ a
N < + ~ ~ N o KN N ~ « &
& ° <° oY N ® ° ) ~
v x ] 'S ] R QO
o
A D ,,}\ 28
o °
A Q N Q
& A + N



: ,
— 307 + —_—
-‘I: T
———————
— : T

20 7

Ipg-mi’t

10 7

i ' .
.1 I '. .| i .I
N N N N N <
S K 2 ‘,, ) W
& o o N N A
D N NG

o ~ ~ ° +
N o o 5 . A < Q K S

MCP-1/pg-ml

TNF-a

B 3 Amx A1 PDL S 24 B He-E F 25 %6 fiti A% S IR IR B0/ BRI R I 1L-6, KC,
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Figure 3 Effects of Amx (0.37 mgkg™d™) and PDL (5.5 ml kg *d™) used alone or in
combination on expression of IL-6, KC, TNF-o and MCP-1 of mice on day 4 post infection of S.
pneumoniae.. Concentratios of 1L-6, KC, TNF-a and MCP-1 in serum collected from mice were

determined by multiplex immunoassay. n = 10. *P < 0.05, **P < 0.01 between groups.

4 Wie

B- A TR e S AT 97 Ml A BEBR PR A IR A5 L8650 ZAREPI s, AR R BEER B
T IR AT T3 M 80% T 4% 1791, Amx J2 53 I & T B 2501 p- ket
FEFR, R Z B0 2 PR S B R SRR AR R AR, H bk il A IR
VY L P TR T S B R 8 L T R 2 PP BR A L R R S BB A= B- 1A TR A i B ok L
B REFBUREEE, TZ TR BURE 5 R OE g JRER . GRS . SR
B- WA FRR B AR AT 45 S T AN B A BE B R R A EN (PBPs) , i A
K FBEERT , BUAE 3R I K A P A 5 (2 0t 22 S 247 10 i 9% B BR 81 (0 R 0, DT R Al
GA, it AL KRR i 4 BEER T PBPs JED, AT HLAE R AR 25 1, F4h, fEBE Amx
JZY, ARRRSAAKHEL, RS RS, R Amx 5, N S AR
MR 5 BVEMRRS USRI R A E AR &, AR R SR,
BEM 5 A IR . b, RO MR R B Sh e S R B

PDL AAVEHMN. FIRMEMIEN, HAsm2 i ke, EHUE. s, AREER
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HAG R BUdE. SURSEMBRIETER . 16K T 54904 RIE T M kg,
PRI TR, R PDL MC&HUAE RIAITIPIGE R G #EDORE MR . Sk E
RGeS R, B R R R AR, BREE RAER T IL-6. IL-8. IL-1.
TNF-a AP, spig e ™), PDL ot Stk s it A B (R R, TR K R &
AR O AR 2 A0 O SR, HOPLAI S NF-x By IL-10 FISRISAHSG, XZH 29
BB EAEH . PDL Al LPS SR/ U200 #4540, PRI+ 1L-10. TNF-a
HINF-kB &8 RAEAT 5T, @ ACHAL 2204, I ILAIL AT ASPA S5 AH 5G4 1 AT RESE PDL VA
TT LPS ilids 193 At 1 70 40 P, ACHIE R P A 6 SRR 1 I /IS BRI 4 B4 T PDL 55 Amx
SO F B — 2 B RGN BRI TR B TE N P 2 S HUAE BRI E F 25907 S A R et
il e SR AL gn AR, N HIRIR LRI AL AR AR AR .

RHFFCRAR, RPN BERR B S 5, SR/ BB 2, e i e sl
JRNA KERGEANE T, FEU Ry, HALAMEH, i REgnfg 4t
PR/ 5T, FliTa] o B R s i R MU 7 IL-6. KC. TNF-o. MCP-1 ik
WS, BN PDL IR A& (5EH 5.5 mikkg) T LAE 3% FRARAT IS K, s Kol %
o 26.42%, W] DARFAR LI 1L-6 AT MCP-1 3328 s B B Amx Il R 3 L F & (BF H 0.37 g/kg)
A DL 3 BRI T A, TR EEmE RN 28.49%, A LA ILIE IL-6. KC. TNF-a fll MCP-1
ik, PR SRR 8 o H I 98 BEER B SR /N BRI 9 B — g TR, (RARRESE
RGN, AN RITERRERA Se s, ERAFBEMNIZHMEENR. PDL
(f:H 5.5 mhkg/d) 5 Amx IR E & (BEH 0.37 g/kg) BEFH XSl 28 1036977 F I
E#8 012, 0.1<CI{E<0.3, BosthimbhFEIEM, MfadunsRa 5] 61.22%, ©& T 5
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