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ABSTRACT

The pharmacokinetics of ampicillin and bacampicillin were
studied in 14 healthy Thai volunteers using a randomized cross-—
over design. Serum levels of ampicillin and the amount excreted
in urine were determined simultaneously. A one-compartment open
model was used to characterize the pharmacokinetic data. Follow=-
ing an oral admi%istration of bacampicillin 400 mg, ampicillin
250 and 500 mg, the mean individual peak Eerum concentrations
were 5.98 * 0.38 mcg/ml, 2,04 * 0.23 mcg/ml and 3.93 £ 0.49 mcg/
ml respectively while the time required to reach the peak were
0.82 * 0.07 hr, 1.68 * 0.16 hr and 1.71 * 0.70 hr respectively.
More complete oral absorption of bacampicillin than ampicillin
‘was also evident by higher AUCS° and highef percentage urinary
recovery obtained after oral administration of bacampicillin.

Pharmacokinetic parameters concerning distribution and elimination



viiy

of ampicillin obtained after the administration of either one of
the two drugs were not significantly different. The study of
dose-drug concentration relationship by giving two progressive
doses of ampicillin 250 and 500 mg and bacampicillin 400 and 800
mg showed a linear increase in the peak serum levels and the AUCZ’
with the increased dose. Food neither delayed nor decreased the
oral absorption of bacampicillin as evidenced by the insignificant
differences in the peak serum levels (6.33 % 0.48 mcg/ml, 7.07 I
1.34 mcg/ml for fasting and non-fasting), the peak time (D.89 %
0.05 hr, 0.96 X 0.10 hr for fasting and non-fasting), The AUCS°
(10.59 * 0.89 hr.mcg/ml, 11.46 ¥ 1.31 hr.mcg/ml for fasting and
non-fasting), and the percentage urié;ry recovery of ampicillin
(58.22 * 6.68, 57.32 % 8.09 for fasting and non-fasting). The
pharmacokinetic parameters obhtained from urinary excretion data
corresponded very well with those obtained from serum data, i®

is therefore suggested that one can describe the pharmacokinetic

appearance of ampicillin and bacampieillin by means of complete

urine collection instead of obtaining the serum samples.



1.5

i _\_‘;—.... e ,'-“t»\
ey , . )
. /S B WHe \
ty / - > \ 2\
. |

A

ACKPJOWL’E@/GZT-EEI--ITS

S

I wish to e§press my sincere gratitude and thanks to my
thesis advisor, Professor Dr. Somsak Lolekha, Division of Infec-
tious Disease and Immunology, Department of Pediatrics,vRamathi-
bodi Hospital, for his supervision, guidance and encouragement
throughout the course of this study including excellent sugges-

tions and criticism of this manuscript.

My deep appreciation and thanks are also extended to my
thesis co-advisor, Assistant Professor Dr. Duangchit Panomvana
Na Ayudhya for her interest, guidance, invaluable suggestions
and encouragement during the course of this study including cri-

ticism and reviewing this manuscript.

I desire to express my special gratitude to Associate
Professor Porntip Lolekha, Head of General Chemistry Clinic Di-
vision, Department of Pathology, Ramathibodi Hospitol, for her

kind cooperation in .biochemical laboratory techniques.

I am also greatly indepted to Miss Dusadee Charoenpipop,
Miss Suwapee deancham and Miss Wantha Vasu, staffs of microbio-
logical laboratory of Reserch Center, Ramathibodi Hospitol, for
their kind assistances and helpful suggestions in laboratory

techniques.

My sincere thanks are also due to Miss Nonthima Vardhana-
bhuti, graduate student of Mahidol University, and Miss Rachanee

Rojwiroj, graduate student of Chulalongkorn University, for



their assistances.

Finally, a grateful acknowledgement is extended to the
Graduate School, Chulalongkorn University for granting partly

financial support to conduct this project.



Table of contents

Thai Abstract .l..........'......‘...‘..v..QO'...'..C.C."

English ADStract secececsececcscescccocccraacescnccccccncence

Acknowledgements eesesssssesssssccsscccncnaccasscscocscnne

Contents

List of
List of
List of

Chapter

Chapter

Chapter

AbbreviatiOns e -cececevsecsscecssssscssassssscsesscscscs
TAD1ES «ceeccessscsaccssssosscocscsssscsscsssscsscccns
FiQULES secesscstsipsessotnscsssssssanssncsosscnse
I Introduction <iesessscecccscevecessanscsccncccccs
Background and Rationale .eoscceccescccscscccccccns
ObjectivesS .reeessscessessoscccnscnrencscencccnaccs
Materials and MethodS «ceeecceccccccccocscsacoccasce

Significance of the Study eesccecceccsccrscccccces

L Review of Bacampicillin cecescescesscsccsosco

Physicochemical PropertiesS sececsscececccccccccane
Aok 1 Bae Dthch BB RS bt el e b s s v i ons
Preclinical StUAL OB "siuisens snnen snindsaaesssyees ey
Clinical EvaluationsS eeccscveccscssscscsccssccsoccs
Adversed Drug Reactions eecececccscscecsccsvcccone
TOLErANCE oeessssscscsssssascsscssesssssscssssconsces
PharmacokinetiCs eeeeeccessscscccscccssscavancsncoass
TLE Materials and Methods T TR i b as
A, MaterialsS cecesocecsscscscscsssscscccccssnscssncnsces

1edicati0ns PEPFEFEPEE R B R R B SR 2 B B A L O 4

Reagents eeeesscscscescccccccscccccncccccs

page

v

Vil

LA

XV

xXVvi

XX

3

1

1%

1%

14

16

16

18

18

19

2a

24

28

32

32

32

32



*xii

page

Culture Medium e ceecoceesevcnssooocenooe00 32

Test Organisi eeccccscecccsecoscscccccocnne 34

B I"’Iethods 5 9 © ® 6 6008 D6 ®ES06 e OV EO e S0E00 w00 EEeCe0 S 34
1e SUDJECLS eececoccssccocccsnsccncsncnne 34

2. Drug Administration esececececccesscsss 35
3. Experimental Design esescsccscccccces 35
4, Sample Collecltion ecccsecsccccccccncccs 37
5. Determination of Ampicillin Concen-
trations in Serum and Urine Samples .. 38
5.1 Preparation of the Standard eeccss 38
5.1s1 " Preparation of Diluting
Solution esccescescaccecss 39
Sk bl lution of Standard
SOIULiONS eecocscccceccans 39
bee—Preparation-—of -Test Organism eeee 40
383 . . Prepasatitn Gf Aséay Medium escee 41
5.4 Preparation of Plates essscscscas 41
5.5 Preparation of Samples eesccccces 41
5.6 Assay Procedure eesececsccccccecs 42
Chapter IV RESULLS esesccssvssncsssessccvescscsnnssecssosn 46
1. Physiological Characteristics of the Subjects +. 46
2. The Assay of Ampicillin in Capsules ecsesccssee 47
3. Comparison of Pharmacokinetic Parameters of
Ampicillin Obtained after Oral Administration
of Ampicillin with Those Obtained after Cral

Administration of Bacampicillin eeceeceeccecesece. 47



4,

Chapter V

14

3.1 Non-compartmental .Modeling
Pharmacokinetic Parameters esescsseces
3.2 Compartmental Modeling Fharma-
cokinetic parameters eecsceecesccccccscs
The Dose-drug concentration ResSponse seecsececese
4,1 Non-compartmental FModeling
Pharmacokinetic Parameters eecesccececes
4,2 Compartmental Modeling Pharma-
cokifretic FEZOmBLersS seecssonsescsssn
Effect of Foeod on Oral Absorption of
Bacampicillin/ eevesecscesecvecsnrcsnscesnsacccscnse
5.1 “Nonh~compartmental Modeling
Pharmacokinetic parameters eeeecesccee
5.2 Compartmental Modeling Pharma-
cokinetlic Paramebegllt seosvcecscevsosns
Comparison of the Pharmaccgkinetic Parameters
Obtained from Serum Concentration Profiles with
Those Obtained from Urinary Excretion Data ecees
DiSCUSSION eeesacessscssssssssssssnsscscncsconss
Comparison of Some Bioavailability Parameters
and Pharmacokinetic Parameters Obtained from
This Study with Those Previously Reported eeese.
1.1 Bioavailability Parameters .......;...
1.2 Pharmacokinetic Parameters4...........
Comparison of Ampicillin Serum Concentration
Profiles and Pharmacckinetic Parameters
Obtained after Oral Administration of Ampi-

cillin 250 and 500 mg and Bacampicillin 400 mg .

page

47

48

63

63

64

76

76

76

86

Bg

89

89

9

94

xiii



xivy

page

3. Dose~Drug Concentration RCSpPONSe eeeccescssossss 97
4, Effect of Food on Oral Absorption of
BACAMPiCillin seesecessescscecsnsssnsssssassaas 98
5. Comparison of Some Pharmacokinetic Parameters
Obtained from Serum Data with Those Obtained
from Urinary Excretion Data@ seecsccsscscsssecssss 100
Chapter VI Conclusion eesececossescesscssscsscssscsscscocsscsos 103
REFEerences  sessssassseessalNRHF Vefnssssnsesssssossssossnsnes 100
AppendiX eeeccesccscccssssscscccinssescacscsscnccsscccccnves 118

Vita @ O P OO0 OROOLOODOH O DO S OO S 0OOLO0 00O EO6 V0000600 C0 SO S0S 125



AUC

1its

M

mcg

MIC

mg

ml

mm e

i

il

LIST OF ABBREVIATICNS

area under the serum concentration-time curve
from time zero to infinity
degree celcius

total clearance

gram

hour

intraperitoneal

intravenous

absorption rate constant

overall elimination rate constant
urinary excretion rate constant
kilogram

litre

molar

metre -sguare

microgram

minimal inhibitory concentration
milligram

millilitre

millimetre

melting point

nanometer

four times a day

subcutaneous

three times a day

apparent volume of distribution

year

XV



Na
Ka+

Cl

SGOT

SGPT

ALB
gat*
In. P,
Glu OX
BUN
CREA

U.A.

Trig

i

1]

sodium ion

potassium ion

chloride ion

carbondioxide

alkaline phosphatase

lactic dehydrogenase

serum glutamic oxaloacetic transaminase

serum glutamic pyruvic transaminase
creatine phosphokinase

total protein

albumin

calcium ion

inorganic phosphate

glucose oxidase

blood urea nitrogen

creatihine

uric écid

tridglycerides

XVi



LIST OF TABLES

Treatment sChedule l..'.C‘.I...D.‘.DI.Q......O....-
Physioclogical Characteristics of the Subjects ¢....

Serum Concentrations of ampicillin after oral
administration of bacampicillin 400 mg, fasted

condition in 14 subjectS sesececesccccccescccccccnne

Serum cohcentrationg of ampicillin after oral
administration of ampic¢illin 250 mg, fasted

condition in 14 /UM TNPE" \\\W s i erisronnnssnisnen

Serum concentrations of ampicillin after oral
administration of ampicillin 500 mg, fasted

condition in 14 subjeCtsS eeccecenssccscocscccossssccsos

Cumulative urinary excretion of ampicillin at the

end of 8 hours after single oral administration

of ampicillin 250 mg, ampicillin 500 mg and

bacampicillin 400 mg; fasted condition in 14

subjects expressed as the percentage of the dose ..

Non-modeling pharmacokinetic parameters after oral
administration of ampicillin 250 mg; ampicillin
500 mg and bacampicillin 400 mg; fasted condition

il’l 14 SubjeCtS ® 6 0 8 PO WSO O0O 0 E OOV E G600 000G esNHeoveee

page

37

46

i

52

e

58

60

xvii



Table

10

11

12

13

page

Serum Pharmacokinetic data of ampicillin
(Mean * SEM) after oral administration of
ampicillin 250 mg, ampicillin 500 mg and
bacampicillin 400 mg; fasted condition in

14 SubjeCtS © © 5 88 080 0O0Ce OSSO C00OOR000CeeE0e8S S0 61

Pharmacokinetic parameters calculated from urinary
excretion data (Mean X SEM) after oral adminis-
tration of ampicillin 250 and 500 mg and bacampi-

cillin 400 mg in 14 fasting subjects eceeescccsceses 62

Serum concentrations of ampicillin after oral
administration of bacampicillin 800 mg in

7 fasting Subjects ® © 6 05600000 ® 0P CPSOSEsSOeESse e 67

Cumulative urinary excretion of ampicillin at
the end of 8 hours after oral administration of
bacampicillin 400 mg and bacampicillin 800 mg;
fasted condition in.7 subjects expressed as the

percentage Of dOSE eeeeessscscscscssssssscassccssee /0

Non-modeling pharmacokinetic parameters after
oral administration of bacampicillin 400 mg and
bacampicillin 800 mg; fasted condition in

7 SubjeCtS ‘..-..O.........'......"...:.Q.‘....... 72

Dose-bioavailability response of two progressive
doses of ampicillin 250, 500 mg in 14 subjects

and bacampicillin 400, 800 mg in 7 subjects ....... 73

xviilt



Table

14

15

16

17

18

19

Serum pharmacokinetic data of ampicillin
(Mean * SEM) after oral administration of
bacampicillin 400 mg and bacampicillin 800 mg;

fasted condition in 7 subjeCtsS cececeecceccccvecccccne

Pharmacokinetic parameters calculated from
urinary excretion data (Mean X SEM) after oral
administration of bacampieillin 400 and 800 mg

in 7 fasting subjects esssseseccccccccnscscccncccs

Serum concentrations of ampicillin after oral
administration of bacampicillin 400 mg with

meal in 7 subjeCltsS eceesseccesccssccccccccsocsrccccccne

cumulative urinary excretion of ampicillin at
the end of '8 hours after single oral adminis-
tration of bacampicillin 400 mg fasted and

non-fasted condition in 7 subjects expressed

aS the percentage Of dOSC © ® 0 68 ° 0005800 e000esae0e 00

Non-modeling pharmacokinetic parameters after.
oral administration of bacampicillin 400 mg

fasted and non-fasted condition in 7 subjects .....

Serum pharmacokinetic data of ampicillin

(Mean ¥ SEM) after oral administration of

bacampicillin 400 mg fasted and non-fasted

Y

condition in 7 subjects cecccececsecnceccsccsccasce

page

74

78

78

81

83

84



Table

20

21

22

23

XX -

page

Pharmacokinetic parameters calculated from
urinary excretion data (lMean X SEM) after oral
administration of bacampicillin 400 mg in fasting

and non-fasting states in 7 subjects cecececcecececees 85

statistical comparison of some pharmacokinetic
parameters obtained from serum data with those

obtained from urinary excretion data eccecececccess. 87

Stripping Biexponentials from Set of the Mean
Ampicillin Serum Concentrations of 14 Subjects
after Oral Administration of Bacampicillin

400 mg, in fasting State ©© 0680000006000 0CeSEOOBCeS S 121

Stripping Three Exponentials from Set of the
Mean Ampicillin Serum Concentrations of
14 Subjects after Oral Administration of

BacampiCillin 400 mg in fasting gtate sseereressnes 123



Pigure

LISTS OF FIGURES

page

Structural formulae of benzylpenicillin,
phenoxymethylpenicillin, 6—aminopenicillanic

aCid and penicilloic aCid e c e eeees00e000ense00t00CSe 3
Structure of ampicillin and amoxycillin eececsccceccee B

Structures of some ampicillin derivatives

Compared with ampicillin ...-.-.......’.'......,... 7
Structure of bacampicillin hydrochloride eeescecscse 16
Enzymatic hydrolysig-ofibacampicillin ecccccccccccns 17

Mean serum levels of ampicillin following oral
administration of bacampicillin 400 mg in

14 fasting subjects ecececceccoscscoscscccsnccccccces 54

Mean ampicillin serum concentrations (2 SEM)
after oral administration of ampicillin 250 mg

i 14 fasting Subjects ©@©® 05 ®0° 0000 Se0SeE000ROeeSese 58

Mean ampicillin serum concentrations (ZX SEM)
after oral administration of ampicillin 500 mg

in 14 fasting Subjects ...,--.........‘.....I....... 56

Mean ampicillin serum concentrations after oral
administration of bacampicillin 400 mg, ampicillin

250 mg and 500 mg in 14 fasting subjects eecececceccs. 5%



Fioure

10

3154

12

13

14

15

16

xxii

page

Cumulative urinary excretion of ampicillin
following oral administration of bacampicillin
400 mg, ampicillin 250 mg and 500 mg in 14

Pasting subJects sessivessrssssascasnisagnesnnssvny, 29

Mean ampicillin concentration profiles following
oral administration of anmpicillin 250 mg and

500 mg in 14 fasting SuUbjects ecececececcececceceses 66

Mean ampicillin serum concentrations (% SEM)
after oral administration of bacampicillin

800 mg in 7 fasting subjects ecececccccveccccccceces 68

lean ampicillin concentration profiles following
oral administration-eof bacampicillin 400 mg

and 800 mg in 7 fasting subjects cesccecccccccccecs 69

Cumulative urinary excretion of ampicillin after
oral administration of bacampicillin 400 mg and

800 mg in 7 subjectsS eeecccccscccccccerccccscsnncces 71

Mean ampicillin serum concentrations (X SEM)
after oral administration of bacampicillin

400 mg with meal in 7 subjeCts secececccccscccccaceses 79

Mean ampicillin serum concentrations aftter oral
administration of bacampicillin 400 mg in fasting

and non-fasting states in 7 subjects cecececcccececes 80



Figure

17/

page

Cumulative urinary excretion of ampicillin
after oral administration of bacampicillin
400 mg in fasting and non-fasting states in

7 SUbjeCtS ® © ® 0 © 000 90 8 00E PO 0008 S0 00T e0eNSSCECees0 0 82

xxitd



	Cover (Thai)
	Cover (English)
	Accepted
	Abstract (Thai)
	Abstract (English)
	Acknowledgements
	Contents
	Abbreviations

