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Streptococcus suis (ร. suis) is an important pathogen in the swine farm. Sometime 

the use of a single antimicrobial drug has been unsuccessful in the treatment. The use of 

antimicrobial combinations has been interesting for the treatment of 5. suis infected pigs. 

Therefore, the objective of this study was to develop combined antimicrobial injectable 

suspension for the treatment of 5. suis infected pigs. The susceptibility testing of 16 local ร. 

suis strains collected from Thai swine farms against three antimicrobial groups ((3-lactams, 

aminoglycosides and fluoroquinolones) was performed using agar dilution technique. The 

Minimum Inhibitory Concentrations (MICs) were determined and the antimicrobials were 

selected for further studies. The synergistic effects of antimicrobial combinations were studied 

using checkerboard method and Fractional Inhibitory Concentration (FIC) index calculation. 

The most potent antimicrobial combination was selected and formulated using various oils 

and dispersing agents to prepare parenteral suspensions. Physical and chemical stabilities and 

in vitro release of the suspensions were evaluated. The results demonstrated that ร. suis 

isolates were more sensitive to (3-lactam (amoxicillin, cefazolin, ceftriaxone and cefotaxime) 

and fluoroquinolone (ciprofloxacin and enrofloxacin) groups than aminoglycoside group 

(neomicin and gentamicin). The synergistic effects of enrofloxacin and amoxicillin provided 

the highest antimicrobial activities against ร. suis among other antimicrobials. Then, 

enrofloxacin combined with amoxicillin was selected to formulate as antimicrobial 

suspensions in oil. Amoxicillin trihydrate and enrofloxacin base suspension containing 

cottonseed oil and tween 20 as a medium and a dispersing agent was good physical 

appearance, easily resuspended and physically stable. After 3 months at 30±2 ๐c and 75±5 

%RH, percent remainings of amoxicillin trihydrate and enrofloxacin base in the suspension 

were 101.57±0.71 and 98.81±2.22, respectively. The release profile of enrofloxacin base 

showed sustained release longer than 24 hours while that of amoxicillin trihydrate reached a 

plateau in 10 hours. Therefore, amoxicillin trihydrate and enrofloxacin base in oil is a 

potential candidate in developing formulation of combined antibacterials for the treatment of 

ร. suis infected pigs.

# # 5376961333 : MAJOR PHARMACEUTICS
KEYWORDS: STREPTOCOCCUS SUIS / PIGS / SUSPENSION / INJECTION / ANTIBACTERIAL

Department: Pharmaceutics and Industrial Student's Signature .....

Academic Year: 2013

Pharmacy

Co-Advisor's Signature 

Co-Advisor's Signature



VI

ACKNOWLEDGEMENTS

This thesis would never have been finish without the great support and 

encouragement from several people. First and foremost, I would like to express my 

sincere gratitude and deep appreciation to my advisor, Assistant Professor Dr. 

Pornpen Werawatganone for her invaluable advice, grateful support, patience, 

supervision, understanding and stimulating throughout the study. Fier kindness will 

always be memorable.

I am especially grateful to Assistant Professor Dr. Walaisiri Muangsiri, my co

advisor, for her invaluable advice, solving problems, support and excellent 

supervision.

I am very grateful to Assistant Professor Dr. Dachrit Nilubol, my co-advisor, 

for his invaluable advice, giving the amoxicillin sodium and CEFOMAX too®, 

CEFRALO® L.A, CEF-3-MAX® and EXCENEL® RTU.

I also wish to express deep appreciation to Associate Professor Dr. Parkpoom 

Tengamnuay, Assistant Professor Dr. Angkana Tantituvanont, and Dr. Napasinee 

Aksornkoae for spending their valuable time to be my thesis committee and for their 

suggestions and comments.

I am very grateful to the Fligher Education Research Promotion and National 

Research University Project of Thailand, Office of the Fligher Education Commission 

for giving partial financial support to my thesis work (FIR 11661), and also grateful to 

the Faculty of Pharmaceutical science and Faculty of Veterinary Science, 

Chulalongkorn University for their support of equipment and laboratory.

The other special thanks are extended to Generic Vet Chem Co., Ltd. for 

donation of enrofloxacin base and amoxicillin trihydrate; Combine Lab Co., Ltd. for 

gift of enrofloxacin base; Croda Co., Ltd. for contribution of Span 20, Span 80, Tween 

TM 20 and Tween TM 80.

I am deeply appreciated to my friends; Pipat, Sirinda, Tullaya, Jitkasem, 

Nattawee, Laddawan, Panida, Sakalanunt, Keerati, Supakunya, Phojana and Sitapatch 

for their friendship, support and encouragement. I wish to extend my warmest thanks 

to all staff members especially, Waree Niyomtham and Thitima Tripipat, of the 

Department of Veterinary Microbiology, Faculty o f Veterinary Science and 

Department of Pharmaceutics and Industrial Pharmacy, Faculty of Pharmaceutical



VII

Sciences for their help with my work and to all other people whose names have not 

been mentioned for their grateful support.

Finally, I would like to express to my infinite gratitude and great appreciation 

to my family for the love, understanding, encouragement and support throughout 

my study.



CONTENTS

Page

ENGLISH ABSTRACT..................................................................................................................V

ACKNOWLEDGEMENTS............................................................................................................ vi

CONTENTS...............................................................................................................................viii

LIST OF TABLES.........................................................................................................................X

LIST OF FIGURES..................................................................................................................... xii

LIST OF EQUATIONS.............................................................................................................. xiv

LIST OF ABBREVIATIONS........................................................................................................ XV

CHAPTER I INTRODUCTION.................................................................................................1

CHAPTER II LITERATURE REVIEW........................................................................................4

1. S tre p toco ccu s suis (ร. su is )............................................................................... 4

Guidelines for treatment and control of ร. suis in fection..............................................6

2. Antibacterial agents............................................................................................8

3. Susceptibility testing m ethod .........................................................................10

4. Methods used to assess the activity of antimicrobial combinations.......15

5. Suspensions...................................................................................................... 21

5.1 Typical excipients used in parenteral suspensions.....................................22

5.2 Evaluation and stability of parenteral suspension......................................25

6. เท v itro  release study.......................................................................................28

CHAPTER III MATERIALS AND METHODS......................................................................... 30

Materials.............................................................................................................................. 30

Apparatus............................................................................................................................ 33

Accessories.......................................................................................................................... 34

M ethods.............................................................................................................................. 35

1. Evaluation of antimicrobials........................................................................... 35

2. Characterization............................................................................................... 40

3. Preparation of suspensions in oil for intramuscular injection................... 44

THAI ABSTRACT.................................................................................................................................... iv



Page

4. Physical and chemical stability study of suspensions in o il...................... 47

5. เท v itro  release study.......................................................................................48

6. Statistical analytical..........................................................................................49

CHAPTER IV RESULTS AND DISCUSSION......................................................................... 50

1. Evaluation of antimicrobials........................................................................... 50

1.1 Antimicrobial susceptibility test......................................................................50

1.2 Testing of the antimicrobial combinations................................................... 54

2. Characterization................................................................................................58

2.1 DSC analysis...................................................................................................... 58

2.2 Quantitative analysis of amoxicillin and enrofloxacin by HPLC method. 60

2.3 Organic solvent for drug extraction...............................................................62

2.4 Solubility of amoxicillin trihydrate and enrofloxacin base........................ 63

3. Preparation of antimicrobial suspensions in oil for IM injection................64

4. Physical and chemical stability study of suspensions in o il...................... 70

5. เท v itro  release study.......................................................................................80

CHAPTER V CONCLUSIONS............................................................................................... 82

REFERENCES............................................................................................................................ 84

APPENDIX A ..........................................................................................................................96

The particle size and percent remainings of antibacterial suspension

formulations...................................................................................................... 96

APPENDIX B..........................................................................................................................99

Validation of HPLC m ethod.......................................................................................99

VITA......................................................................................................................................... 109

ix



X

LIST OF TABLES

Page

Table 1 The dilution process of antimicrobial drugs to be used in agar dilution

susceptibility test....................................................................................................37

Table 2 HPLC linear gradient method................................................................................ 42

Table 3 MIC ranges of the reference strains.......................................................................53

Table 4 MiCs of 12 antimicrobial agents for 16 ร. suis isolates.........................................54

Table 5 FIC index of the combining drugs..........................................................................57

Table 6 Results of susceptibility testing............................................................................. 58

Table 7 The percentages of extraction of amoxicillin and enrofloxacin using organic

solvents...................................................................................................................62

Table 8 The percentages of extraction of amoxicillin and enrofloxacin using ethyl

ether and hexane................................................................................................... 63

Table 9 Compositions suspensions.....................................................................................64

Table 10 Composition abbreviation......................................................................................65

Table 11 Sedimentation volume and redispersibility of all antimicrobial suspension

formulations after 24 hours and 1 week at room temperature........................... 67

Table 12 Viscosity values of the suspensions using AND model SV-10.............................. 69

Table 13 Viscosity values of the suspensions using Brookfield: ทาodel-DV-ll......................69

Table 14 Sedimentation volume of antimicrobial suspensions in oil after heating

cooling cycle........................................................................................................... 70

Table 15 Redispersibility of antimicrobial suspensions in oil after heating cooling cycle...71

Table 16 Sedimentation volume and time of redispersion after 3 months.......................75

Table 17 The viscosities of suspensions at day 0 and 3 months........................................ 78

Table AT Particle size of all formulations after heating cooling cycle................................ 97

Table A-2 Particle size of antimicrobial suspension formulations after 3 months............. 97

Table A-3 The percent remainings of amoxicillin in suspensions after 3 months............... 97

Table A-4 The percent remainings of enrofloxacin in suspensions after 3 months........... 98



xi

Table B-l Data for calibration curve of amoxicillin trihydrate by HPLC method..............104

Table B-2 Data for calibration curve of enrofloxacin base by HPLC method................... 104

Table B-3 The percentage of analytical recovery of amoxicillin trihydrate.......................106

Table B-4 The percentage of analytical recovery of enrofloxacin base............................ 106

Table B-5 Data of intraday precision of amoxicillin trihydrate by HPLC method.............. 107

Table B-6 Data of intraday precision of enrofloxacin base by HPLC method................... 107

Table B-7 Data of interday precision of amoxicillin trihydrate by HPLC method.............. 107

Table B-8 Data of interday precision of enrofloxacin base by HPLC method................... 107

Page



XII

LIST OF FIGURES

Page

Figure 1 Broth microdilution susceptibility panel containing 98 reagent wells and

disposable tray inoculators...................................................................................... 11

Figure 2 5. suis isolate tested by the agar dilution tests on sheep blood agar...................12

Figure 3 Staphylococcus aureus isolate tested by the Etest gradient diffusion method... 13

Figure 4 Disk diffusion test......................................................................................................14

Figure 5 Automated instrument systems............................................................................... 15

Figure 6 Assessment of antimicrobial combinations with the disk diffusion technique....20

Figure 7 Assessment of antimicrobial combinations with the paper strip diffusion............21

Figure 8 A trypical checkerboard plot and no bacterial growth observed in this gray area

representing synergistic effect...................................................................................39

Figure 9 Modified Franz diffusion cell....................................................................................48

Figure 10 The characteristic colonies of 5. suis on sheep blood agar..................................52

Figure 11 ร. suis was cultured on the sheep blood Mueller Fiinton agar............................ 52

Figure 12 Typical checkerboard plots obtained from this study bacterial growth

observed in the shaded area; A) synergy B) additivity c) indifference...............56

Figure 13 DSC thermograms of drugs..................................................................................... 59

Figure 14 uv spectrum of amoxicillin trihydrate................................................................... 60

Figure 15 uv spectrum of enrofloxacin..................................................................................60

Figure 16 Chromatograms of simultaneously analyzed two drugs at 229 nm.....................61

Figure 17 Chromatograms of simultaneously analyzed two drugs at 277 nm.....................61

Figure 18 Solubility determination of amoxicillin trihydrate and enrofloxacin base........... 64

Figure 19 Formulation code....................................................................................................65

Figure 20 The appearances of suspension formulations freshly prepared and floating

particle shown in the circle....................................................................................66

Figure 21 Particle size of all formulations after heating cooling 6 cycles............................ 72

Figure 22 Particle size distribution of CT20 formulation after heating cooling 6 cycles...... 72

Figure 23 Particle size distribution of CT80 formulation after heating cooling 6 cycles...... 73



XIII

Page

Figure 24 Particle size distribution of COT20 formulation after heating cooling 6 cycles....73

Figure 25 Particle size distribution of COT80 formulation after heating cooling 6 cycles....73

Figure 26 The appearances of COT201 and COT202 during stability test............................74

Figure 27 The particle size of antimicrobial suspensions after 3 months............................76

Figure 28 Particle size distribution of COT201 after 3 months at 30 °c............................... 76

Figure 29 Particle size distribution of COT201 after 3 months at 40 °c............................... 77

Figure 30 Particle size distribution of COT202 after 3 months at 30 °c ................................. 77

Figure 31 Particle size distribution of COT202 after 3 months at 40 °c..............................77

Figure 32 Chemical stability of COT201 and COT202 suspension formulations.................. 79

Figure 33 The release profiles of antibacterial suspensions.................................................81

Figure 34 FHPLC chromatogram of mobile phase................................................................  102

Figure 35 HPLC chromatogram of amoxicillin and enrofloxacin at 229 nm.......................  103

Figure 36 HPLC chromatogram of enrofloxacin at 277 nm................................................  103

Figure 37 Calibration curve of amoxicillin trihydrate and enrofloxacin base by HPLC

method 105



XIV

LIST OF EQUATIONS

Page

Equation 1 Sedimentation volume....................................................................................... 27

Equation 2 Degree of flocculation.........................................................................................27

Equation 3 FIC index.............................................................................................................. 40

Equation 4 Percentages synergism........................................................................................ 40

Equation 5 Percentages extraction of drug............................................................................44

Equation 6 Sedimentation volume........................................................................................45

Equation 7 Percentages release of drug................................................................................49



XV

LIST OF ABBREVIATIONS

% = percentage

M§ = microgram

°c = degree Celsius

cm = centimeter

cv = coefficient of variation

DSC = differential scanning calorimetry

et a l = e t a lii, ‘and others’

§ = gram

BP = The British Pharmacopoeia

F = sedimentation volume

HPLC = high performance liquid chromatography

i.e. = id est, that is

kDa = kilodalton

mg = milligram

min = minute

mL = milliliter

mm = milimeter

MW = molecular weight

MWCO = molecular weight cut off

No. = number

PBS = phosphate buffer saline

pH = the negative logarithm of the hydrogen ion concentration

2
r = coefficient of determination

rpm = round per minute



XVI

ร อ = standard deviation

USP/NF = The United States Pharmacopoeia/National Formulary

u v = ultraviolet

พ /พ = weight by weight


	Cover (Thai)

	Cover (English)

	Accepted

	Abstract (Thai)

	Abstract (English)

	Acknowledgements

	Contents

	Abbreviations


