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Preparation, Efficacy and Safety Evaluation of Compound

Nanoemulsion of Cefpodoxime Proxetil

LIU Yue, LI Meng-yun, ZHENG Yin, GAO Xian, OUYANG Wu-ging” , YANG Ming-qi*
(College o f Veterinary Medicine, Northwest A&F University, Yangling 712100, China)

Abstract: To study the efficacy of combined application of cefpodoxime proxetil and Origanum oil
in nanoscale level, compound nanoemulsion of cefpodoxime proxetil was innovatively prepared.
Furthermore,antibacterial activity tests in vitro and acute toxicity tests were conducted. Prelimi-
nary prescription was sieved on the base of traditional method of preparation of nanoemulsion.
Then the multi-index orthogonal experiment was proceeded with L, (3") orthogonal test table,re-
garding bacteriostatic circle diameter and nanoemulsion stability constant Ke as examining index.
Three elements,ratio of the mass fraction of cefpodoxime proxetil and Origanum oil,pH of aque-
ous phase and emulsifying temperature are selected as factors. Antibacterial activity tests in vitro
and acute toxicity tests were done through trace broth dilution method and maximal tolerance
dose test. Then histopathological examination was measured. The optimal prescription is com-
posed of 0. 33% of cefpodoxime proxetil,2. 67% of Origanum oil,1.13% of 1,2-propylene glycol,
22.51% of EL-40,73.36% of distilled water for enteropathogenic E. coli and Salmonella and pH
value of nanoemulsion is 6. 17. Compared with the active pharmaceutical ingredients, both of the
minimum inhibitory concentrations and minimum bactericidal concentrations of test drug were
significantly different(P<C0. 05) ; the maximum tolerated dose of the oral acute toxicity of mice is

higher than 1 800 mg * kg ' ,showing low toxicity. Histopathological examinations show no toxic-
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ity of kidney and small intestine,but can do pathological damage to the liver. When in the presence

of Origanum oil, enteropathogenic E. coli, Salmonella, Proteus mirabilis , Pasteurella, Shigella

dysenteriae ,Staphylococcus,Streptococcus agalactiae are more sensitive to CFP-OR-NE than cef-

podoxime proxetil.

Key words: cefpodoxime proxetil; Origanum oil; nanoemulsion
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Tablel Orthogonal factors and levels

% Factors

KA JKAH pH(B) FLALREE /°C (O
CFP : OR
Levels A pH of aqueous Emulsionizing
phase temperature
1 1:1 1.2 25
2 1:4 3.0 30
3 1:8 6.8 35
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pg e mL LIRS 4~9 MR E OR 30 pg e mL ',
PLIK g 23 FUTE A K S B R M I8 A Ak 0 R WAL B3 A
[FEAZ SO HENE A H. B 3K,

1.6 MIC #1 MBC iUl &
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PR FLRABEE S BOCHR L7 107 25 e taE VB S

WLEE KA 53 B S Zeta Ho A7 & 1 30 2 BRSCHRL9 5
KB 56 . % CFP-OR-NE 7£ (25 +2) °C A % B
R 60% SN KR E 12 4H,F 0.3.6.9.12
AN H LSS FURE L5 P AR OF Wi CFP F1 OR
LS A S mE A AR TR YR

1.8 ZE£MEFH
1.8.1 ik S5 B ) A i R N B R 10

1001 000 mg « kg™ ' 3 a4, & LL 2 HAgHE/N
BRI M A% F . AR 24 h NSEToAE B AT
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1.10 #HEAIE
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2.1.2 FTHE PR A 2 T8I 1 P 7 4 28 I
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RH-40 Jitfg tb 1 ¢ 1R G R EIGE MR =& h k£,
P 1 RS, 3 e S T I R SRR G Al oK L XY R
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#E#E EL-40 /£ CFP-OR-NE (£ miE ) .
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Fig. 1 Effect of surfactant agents on nanoemulsion region
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CFP-OR-NE {44 3 56 25 5 WL 3% 3.
2.4 REWRM

H R E T RAF ) CFP-OR-NE 7£ 1.3.6 JJ ¥ 2%
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Table 2 The test scheme and test results
Kl % Factors TEM 848 (2 £5) Evaluation index (x +5)
e .
B c N T B B A2/ mm
R GKM I (RLALIR ) Inhibitory zone diameter s
Test number B (pH of C)H - .y . R
(CFP: OR) L Donan EURRERBFE
aqueous C (Emulsify columm Enteropathogenic Ke
phase) temperature) E. coli Salmonella
1 1 (11D 1 (1.2 1 (25) 1 39.6742. 89 32.3340.58 15.3240. 56
2 1 (D 2 (3.0 2 (30) 2 38.67+0.58 28.33+0.58 9.20+0. 48
3 1 (1:1D 3 (6.8) 3 (35 3 39.67+2.08 31.00+1. 00 36.2042. 36
4 2 (14 1 (1.2 2 (30) 3 31.0041. 00 25.0041.00 6.1740.90
5 2 (14 2 (3.0) 3 (35 1 29.6741.53 21.674+1.53 3.05%+0.69
6 2 (=4 3 (6.8) 1 (25 2 29.33+0.58 27.6740.58 2.124+0.62
7 3 (1:8) 1 (1.2 3 (35 2 25.6740.58 17.33+0.58 1.4840. 27
8 3 (1:8) 2 (3.0 1 (25) 3 28.67+0.58 24.33+0.58 6.797+0.48
9 3 (1:8) 3 (6.8) 2 (30) 1 26.0041. 00 21.33+1.16 2.14+0. 27
FORYE R AT A e B B AR T 1A B B AR N
. . . o A
Inhibitory zone diameter of Inhibitory zone K
e
enteropathogenic E. coli diameter of Salmonella
K1 118.01  96. 34 95. 00 91. 66 74.66 84.33 60.72 22.97 24.23
K2 90. 00 97.01 95.67 74. 34 74.33 74.66 11. 34 19. 04 17.51
K3 78.67 95. 00 95.01 62.99 80. 00 70. 00 10. 41 40. 46 40.73
k1 39. 34 32.11 31.67 30. 55 24. 89 28.11 20. 24 7.66 8.08
k2 30. 00 32.34 31.89 24.78 24.78 24. 89 3.78 6.35 5.84
k3 26.22 31.67 31.67 21.00 26.67 23.33 3. 47 13.49 13.58
R 13.12 0.67 0.22 9.55 1. 89 4.78 16. 77 7.14 7.74
&R F WK
] A>B>C A>C>B A>C>B
Primary and secondary level factors
7K 3 Optimum levels A B.C, A B;C, A, B, C,
414 Optimum combination A B,C, A B;C, A, B, C,

KI5 1~9 CFP il OR B 43 502 A 9K LR R 19 3005 25 % B 23040 3k 10 50 Ml %o S0 M oK I A 1 40 1 Bl 1 72

(27.3342.52)mm, X ¥ TR PP B H A2 (27. 671, 16) mm

The sum of CFP and OR in test No. 1-9 all account for 3% of system of nanoemulsion;Inhibitory zone diameters of 3% of ce-

fixime as positive control of drug are 27. 334 2. 52 mm for enteropathogenic E. coli and 27. 67+ 1. 16 mm for Salmonella,re-

spectively

BRI 25 C&MF . Zeta UL —9. 96 +6. 35 mv
(pH H 6.39),

K IR 45 0 (3R 4, 45 B [H] 540 K 3L 34 o
15 IR AR, CFP & & —mf a] 1] 9 07 72

y=—0.4282x+100. 04(R*=0. 989) , CFP f¥ It [a] f5
BN 23.45 N 0R S B EH TR R y=
—0. 4672+100. 05(R*=0. 982) , OR {1 B} 6] A % 8 fy
21.52 1 H s CFP-OR-NE %308 21 4~H .
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B 2 EHE$HET CFP-OR-NE #2745 (50 000X )
Fig.2 Shape of CFP-OR-NE under the transmission elec-
tron microscope(50 000X )

2.5 ZEMEIEHN

2.5.1 ZMHEERE WAL R ARl
F 24 h ¥ KBTS, CFP-OR-NE % LD;, A~ ] il ,
It %t CEP-OR-NEE Bt MTDiR % ; MTDiR 5 45

"oy :\,,-‘.>' “f'.

s

a. X

' B A
(et X { X

TRLLYE 5 b. X BALAT s e X BRAL/NG s d. BRI 21V L B /A5 B B A0 D 41k 5 8 5% 480 s 0 M AT DL 5 e X 201 T R A

—
(=]

58 J%/% Intensity
i

100 1000 10000

3 CFP-OR-NE {2437
Fig. 3 Droplet size distribution of CFP-OR-NE

R B M 7T~14 dEH G 2 d /DR HA R R
FEAE M EEEE B ARG L EB G 3 d WIKRE I
# L NRA BT, CFP-OR-NE X /) R4 1 &t
B Pk B KT A2 ) 5 K F 1 800 mg « kg '

2.5.2 HEUREHER A 5 X A A L 25T /1
B ATt 5% %) & CFP-OR-NE 8}, i 36 415 & /N
AR ICA AR Ak (& 4d FTEL 4D, /9] 22008
CFP-OR-NE& i ' 75 1 s 2 1 5 I 50 40T 32 14

AL 2D A0 AR PSR BE L A TN 5 L IR AL/ . b R AN I HE D) R S 45K SE R L /N i Ok iR

a. The kidney of control group;b. The liver of control group;c. The small intestine of control group;d. The epithelial
cells of renal tubule arrange neatly and the cavity of renal tubule show visibility in the kidney of test group;e. A small
amount of liver cells show minor bleeding, degeneration, necrosis,and unclear boundaries in test group;f. The small
intestine epithelial cells arrange neatly,showing structural integrity and developed intestinal glands

B 4 56 Big/NRE (FFAN/NEE (HE,400X )

Fig. 4 The kidney,liver and small intestine of mouses at 56 days of age( HE,400X )
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Fig. 5 The UV absorbance spectrum on CFP
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Fig. 6 The UV absorbance spectrum on OR

Table 5 Linear equations of measurement of CFP and OR concentrations

24 LT LEP Y Qe LAEFE/ (pg » mL 1)
Drug Linear equation Correlation coefficient Linear range
CFP A=0.010 41C+0.002 73 0.999 22 1~100
OR A=0.007 46C+0. 000 47 0.999 70 1~100
F6 EWERBLER (¥ *s,n=9)
Table 6 Results of recovery test(x £s,n=9) %
K= SE-H) R R Average recovery RSD
Test number A R CFP 4% jl OR S A g CFP -3 OR
1 94.774+2.51 92.70+3. 24 2.65 3. 950
2 93.79+£38. 39 89.31+£0. 86 8.95 0. 96
3 87.76+0. 35 97.94+1. 26 0. 40 1. 29
4 89.25+2.43 102.50+1. 22 2.72 1. 19
5 85.34+3.71 91.424+0.59 4,35 0. 65
6 72.41%+1. 24 79.31%0. 21 1.71 0. 26
7 92.99+£3.06 91.82+0.96 3.29 1. 05
8 96.20+2.70 102. 6045, 71 2.81 5.57
9 88.80+4.03 108.35+1.89 4. 54 1.74
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F7 HBEESHRKER(XEs,n=6)

Table 7 Results of repeatability(x +s,n=6) %
- $4) JoT it vk FE S 4[] Wi 2R

KES

Test number

Average mass concentration

RSD

Average recovery

S ALiA i CFP BRI OR - k@AlsE CFP R & OR kA lE CFP 2 %3l OR
1 19.540.01 38.834-0. 05 97.7140.05 97.07+0.13 0.05 0.13
2 20.9140. 04 34,9640, 03 104,560, 19 87.39=40. 06 0.18 0.07
3 17.484-0. 02 39.7640.07 87.4140.12 99.3940. 17 0.14 0.17
4 17.2740.05 41.05+0.03 86.35+0.27 102.6240.08 0.31 0.08
5 16.9140. 07 36.62+0.03 84.57+0.35 91.55+0.08 0.41 0.09
6 14.680. 06 31.714£0.04 73.4240.29 79.2840. 10 0. 39 0.13
7 18.1740. 04 36.830. 04 90. 8440. 23 92.06=0. 09 0.25 0.10
8 19. 444-0. 07 40.0440. 05 97.2240.35 100.0940. 11 0.36 0.11
9 17.0740. 10 43.34+0.04 85.34+0.48 108.3540. 11 0.56 0.10

R8 BEERBLER(xLs)

Table 8 Determination results of precision(x *s)

25 5] FR S/ (pg » mL) H K% B Intra-day precision H [a]k5 %5 & Inter-day precision

Group Concentration I RSD T+ RSD
2.5 2.3740.02 0.97 2.3740.03 1. 39
CFP 7.5 7.5240.07 0.96 7.4740.12 1.61
12.5 12.8840.06 0.47 12.7840.16 1.25
30 30.64+0.18 0.59 29.59+1.25 4.22
OR 40 40.83+0. 21 0.51 39.39+1.62 4.11
50 50.65+0. 34 0.67 49.76 1,41 2.83

T TR Y 78 0V S B AR 1 2 T 9 50 A 80k

3 3 i JE . EAHER M E KA pH Al CFP 4825 & %) 44 K

RIS B K AH pH L CFP #2574k i 2 =
AP FE XS CEP-OR-NE Fa0 14 52 W0 77 76 N fEBE R
) = 35 12 3 3 R 2% 1T T R A AR B R T 4 oK
FEEME. A, A, Date 1V HGE R CFP [ FLAL B
I RGAE pHI. 2 G2 0P e R A5 158 43 51
pH3. 0 F pHIL. 2 7K AH 5 40 K 3L . & BT Foe o
mTE#E . WL CEP 76 v ol iR K MR M 45 10 T
JIT TR 5 1) 40 oK FL PR Ak 1 i B O e s CFP-OR-NE
M2 pH Ry 6. 17, £F A H MR FL AR AE 6 25K 5 A8k
55 2R W CFP 22 5t B s, 400K LB A FR 2 i 00 45
F5 AL Al Date M 38 — 2, 40 Hr b R 3 4
CFP EfifE A SR EE MR A m T4 T OR 5

FLARE P2 o] REIE A 2R 19, th T CFP 7R R 1
SAF R R BEES L K AR pH O 3.0 I TR G 5
T CEFP 0] 68 [m] 2K AHFL Bl o AH XS 3G 01 2 1 37 442 51
9 0k E A A K F L T S AR A 5 00 R W A
FUILIRE S 30 °C, 25 °C il B2 i 1K , 1 5K g B AR A%
RABR M35 C i B w5 & 7> EL-40 4 & I 5k
57K Z 8] i U5 AT R K AR IR B B IR T 3R T T P )
A ROREE K FLR E MR A &

fF 9 3% W L 0 38 T 3% R ) 40 Tween-20 i I
WEL A BH Ik 7 BE T Bl K fig CFP AR, AL A CFP
A Tween-20 AT AZ% 0> o H 5 1l B4 B R 248 38 1 35
P TR A B o fg R TR A U0 P R AR IR G A
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) CFP-OR-NE M\ Ji o 38 75 #3843 #r il A 2 EL-
40 ISR Z 5 TE L - B CFP i fif/E OR H
FE R i AH 34 7% F EL-40 8 SR W, #E EL-40 Al
OR [ BUE f# 37 7] 45 2 B 1k W BE g W ¥ CEP K i
R FE e 22 1) CPD, A7 80042 i W s X CFP [ I,

AR Kk A Z i X CFP-OR-NE #4581
5% CFP #1 OR 9 &M AH L A 22 8 3 (P <
0. 05) , #fEM EL-40 F1 OR A4 2 1 15 4 708 v 1k 185
T CFP XJ 40 17 40 B8 1435 33 4 F - DT A R i %6 1K
T&%Z X Ex CFP iy MIC } MBC., CFP-OR-NE
PP 3% )2, B CFP i & 43 B4 K 0. 3300, %
OR 5 CFP B A W A K 2> T CFP &, % F
U /0 25 52 32K 20 TR I DR TS 24 R Y 7 AR LA B
M. ORI R RARM PP A R B A BRLGA = A it 25
PE 5 B A AP A RS BT 25 038 ST 24
PP AR Kk CFP 5 OR 7E I IR 1
BeA NS T — e, M%E T CFP-OR-NE
Xof L B0 1 40 9 MIC i1 MBC, 2 CFP-OR-NE
() 2530 2F W T AR AL T SRS Al ol

2 LU B2 R A 4 T /D U K 4 250 =R L
B 0] 5 R T R O B A (R R B0 B
BT, A 41 CFP-OR-NE X/NR W4 0 &
PR A K 2 ) i K F 1 800 mg « kg ', CFP-
OR-NE WK 52541, IF e fafe St ] 68 O i 350
FHE /N AR 51 » 20 4 B 40 A AR A I AT g
RPN E LR . AR UGB 2K LNy
JEIGRE B X A il CEP-OR-NE o CFP #l OR 11y
B E #ESL T AT 7 35, CFP Al OR - 2 [l i %
BIHE 7026 ~110 %6 1 — M B2 RS Bl g, 3 0 e 7k
Xf CFP-OR-NE # 17 it & W5 15 A 808 21 A4
J 45 4 i PE A H At 3 56 45 R Ui B CFP-OR-NE
FE M

4 & it

B kH £ CFP-OR-NE. H & M 244 M
FEZORG RN IR W] OR B F K CFP Xt 4%
ZR B MIC K& MBC; MTD it 3 % ] CFP-OR-
NE NKF25 9 L2008 B F G 2 B I 15 R
F 2 WK S e B s B 5 T AR FL A K
B & wE A HT 35, BT CFP-OR-NE () i & 1
WA AN 21 A A .
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