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ABSTRACT

The effects of three different Nigerian meals on the

bi oavail ability and phar macoki neti c profiles of
chl orpropanmide were studied in healthy subjects and in
freshly diagnosed Type Il diabetic patients. The batch of

chl orpropam de tablets and the meals used were pre—analyzed
using official nmethods- The tablets complied with the B.P.
(1988) requi renents stated under the monogr aph for
chl orpropam de and the meals contained high carbohydrate
contents of 80.5% 76.0% and 84.5% for mai ze, cassava and

yam flour meals respectively.

Plasma |evels of chlorpropanm de were determ ned using
HPLC met hod. In addition, glucose |evels were nmeasured by a
standard gl ucose oxidase nethod (Martinek, 1964). Hi gher

| evel s of chl or propani de were observed when the drug was
adm nistered in fasting state conpared with concomtant
adm ni stration of drug with maize, and cassava flour meals.
Concomitant adm nistration of the drug with yam flour nea

however increased chlorpropam de levels in healthy subjects
and had no effect on chlorpropamde |levels in diabetic
patients. Significantly |owered postprandial plasm gl ucose
increments were observed when 250ng chl orpropam de tablet
was taken with each neal than when each neal was taken
al one, and the glucose |evels were even |lowered when the

drug was taken 30min prior to neal ingestion conpared with

Viii



when the drug was taken conconmitantly with each meal. No
significant postprandi al plasma glucose increments were
observed in healthy subjects.

The pharmacokinetic parameters were calculated by a
conput er progr amre KI NEMP? Adm ni stration of

chl orpropam de concomtantly with each nmeal conmpared with

the fasting state affected some absorption paramet ers
(lagtime, t max, Cmax, ka and tl/2x), the extent of
absorption, vol ume of distribution and the elimnation

parameters calculated in this study were not significantly
af fect ed by any of the meals. Some phar macoki neti c
par amet ers (lagtime, Cmax, t max, ka, tl/2x and vd)
calculated for the healthy subjects and diabetic patients
were significantly different. There was a relationship
between the hypoglycaemic responses and chl orpropam de
| evel s attained after adm nistration of the drug to healthy
volunteers but no direct relationship was found for the
patients. Lower and statistically significant | evel s of
chl orpropanmi de were detected in saliva conmpared with the
pl asma. The saliva and plasma (S/P) ratio was |ess than
unity at each sampling point and there was a correlation
between the saliva and plasm concentratons of chlorpropa-

m de measur ed



TABLE OF CONTENTS

TITLES PAGES

Title PAgPB..cvcccsscnssnssssssssssnnssnscssnnnnnsnns i
Declaration...c..cccceccccccaccrnrvsncoonnrsoscnonanna ii
Certification...... mesessRsssssEsSaREEaRRE RSB NSNS 1i3
PDedication..c.ccecrsccvecosaacosvcioosncosancusnansunes iv
Acknowlndgement. . i-.zovresnscsssansbinssnussmidnivn - v
PublicationsS....cccccevcescssvnvensccanconnavvrannnes vii
Abstract.cecoavensenanens R P - . A 8 viii
Table of Contents....... s esensasescnvsanvesn %
List of TablesS...icsacsssvssssrecssssssscsssansenanes niv
List of Figures..cavececccaracsccnncsnads cesmermans xx
List of AppendicesS...cssvccsssnsssscsssssnssnannans RNUV

AbbreviationsS....c.cccevccvassvvsvsevsssrnsarsnnnsenes= Xxviii
CHAPTER 1: INTRODUCTIDON .coiscsvssivasne sessssmes 1
1.1 Pharmacokinetics...ccccevncescnnsccnccuvanas 1
1.2 Ricavailability....ccveeroeonnrnnnanmenana 7

1.3 The Clinical Significance of
Differences In Drug Bivavailabilitv...... 12

1.4 Factors Influencing Drug BRicavailability 15

CHAPTER 2: LITERATURE REVIEW....s0ccecnscvccscss 23

2.1 History And Chemistry of Sulphonylureas. 25

3

2.2 Absorption And Metabolism.....ccveevcass
2.3 Therapeutic Significance.......c.c... P 20
2.4 Biochemical Basis of Diabetes........... 35
2.8 Food And Drug Interactions.......ccccce-- &3

2.6 Objective And Scope of The Study........ 74
X



PAGES

CHAPTER JI: MATERIALS AND METHODS. . s vveveevernesas 82
3.1 MATERIALS . cocancncssncscnssscsonnsnnnnasnas 82
3.1.1 Prug.ccescaveccancs e amy e csssmsmsesaevensnun 82
T:l:2 Equipment..cccccecnancesnssasvcasssssnnmnces B2
3.1.3 ReagentsS.....ccvvvccccesccisccsnccennnansna 84
.2 METHODS..... samn e e enasene iasmmensssase 86
X.2.1 Duality Control of Chlorpropamide Tablets 86
3.2.1a Identification Tests..icciivecossssansne 86
3.2.1b Chemical ASSAY ... ccersrsvenanscsaasccsnnns 87
3.2.1c Dissplution Rate Tests......ccnnceneccan. a8
S.2.2 Food Sample Analysis....... T T T T 89
3.2.2a Determination of the Moisture Content.... 89
3.2.2b Determination of the Ash Content......... 0
3.2.2c Determination of Fat {(Lipid) Content..... 0
Suludd Determination of the Total Carbohydrate

Content...cavsvnees cssmassmene cscsssnsncna 92
I.2.2e Determination Of Protein Content Ry

Estimation Of Nitrogen Using Kjeldahl

Bethod..csecssinsnnnsasnsansinsnsvassnsnss 93
3e2.3 Meal-chlorpropamide Interaction Studies

In Healthy Human Subjects. cccrvcccecnacas 96
Z.2.3a BDFRCER: cowanves ves e vy semssews s i s 96
3.2.3b Sroups of MRaAlB.:isisesssniivinsenasssind P6
S35223C Study Design.ccciinsnassiisnsnsasni snween 97
3.2.4 Meal-Chlorpropamide Interaction Studies

In Diabetic Patisnts..conevrvvnnnnesannns 98
3.2.4a BibDJECEScuicciscsis s s s pavnisssesaansssscsa 98

®i



FAGES

F.2.49b Study Design..ccaveassvonssveces weosmsssn 9?9
, Pl Drug Levels ANalysSiS....ccveccencasaccanra 9
3.2.5a Extraction Procedure...... v easszswssmevnna 99
3.2.5b Solvent System Uptimization Studies...... 100
3.2.5c Preparation of Standard Solutions

And Standard CurveS.c.ccessncecensesnsrscs 100
3.2.5d Precisim....--.-----'.I---.-----.IIOI’-.. 101
Seldel Flasma Glucose Analysis..ccvccvcccsccnnese 102
3.2.6a Principl@®..ccscrccscsvcsnnnrvasnernnnsvannna 102
3.2.6b Reagents And Freparation.......coececuss. 102
3.2.6¢c Procedur®.....ccccscasccsassancsssnosnssnannas 103
N2:.7 Data AnalyseS...cerrrcvnscreannscsccsssanan 104
CHAPTER 4: RESULTS..cccrcccsavcsssnnnosssvnosanse 105
4.1 fluality Control of Chlorpropamide

Tablets----....---..‘I..C.--...“..'..‘-- 105
4.2 Food Samples AnalysSisS...cervcceccviconnnnas 108
4.2 Drug Levels AnalySiS...cvecscusssscvucnnna 108
4.4 Cooked Maize Flour Meal (B) Chlorpropamide

Interactions Studies In Healthy

Volunteers And Diabetic Patients......... 121
4.5 Cooked Cassava Flour Meal (C) Chlorpropamide

Interactions Studies In Healthy Volunteers

And Diabetic Patients .. ......ccccccnnccana 134
4.6 Cooked Yam Flour Meal (D) Chlorpropamide

Interactions Studies In Healthy Volunteers

And Diabetic Patients....cccscevvccscnses 146
4.7 Effects of cooked Maize (R), Cassava (C)

and Yam (D) Flour Meals On

Chlorpropamide Pharmacokinetic parameters. 158
4.8 Salivary Excretion of Chlorpropamide..... 172

xii



PAGES

CHAPTER S5: DISCUSSION.....rrcrnvenunsanannuaene 180
5.1 Guality Control of Chlorpropamide Tablets.. 180
5.2 Drug Levels Analysis. ..o crcsunacvervnann 181
5.3 Food Samples ARalySiS.iacecvvrsenurvanssesna ig2
5.4 Cooked Maize Flour Meal (R)

Chloprpropamide Interactions Studies In

Healthy Volunteers And Diabetic Patients 182
5.5 Cooked Cassava Flour Meal (L)

Chlorpropamide Interactions Studies In
Healthy Volunteers And Diabetic

PatientS....-..-.I.’-.-.--I.--I...'..... 18-4
B.b Cooked Yam Flour Meal (D) Chlorpropamide

Interactions Studies In Healthy Volunteers

And Diabetic Patients...sssncancacacnnns 187
9.7 Effects of Cooked Maize (B), Cassava ()

and Yam Flour Meals On Chlorpropamide

Pharmacokinetic Parameters.....r-ceceress 199
5.8 Salivary Excretion O0f Chlorpropamide.... 193

CDNCLUSIDNS'-'-.--uclln-.4-..----.-0.--. 196

HEFERENCESI.--.-----.....-....,.-I'..... 291

APPENDICES--..-.....--.---.---...I..-.I. 21?

xiii



TARL E

1a

1b

qa

4b

4c

ba

LLIST OF TABLES

fluantitative determination of

chlorpropamide tablets and
standard powder using BR.P.
(1988) methnd---.....-.-.I--I..-lI'I'.-l'.l.l.

Dissniution of chlorpropamide

tablets in phosphate buffer pH 4.8
maintained at 37+0.5°C using

UsP XVIII rotating basket method

with a stirring rate of 100 r.p.m...ccavseas.

Mean Proximate percentate composition
of the meals with energy values. i ceicivecsrse

Percentage extraction recoveries of
chlorpropamide at different concentra-—
tions from plasma and saliva......icvcacanans

Effect of methanol on the resolution (R}

of chlorpropamide and teolbutamide

using solvent system methanol 0.2%

acetic acid with U-RBONDA—PAK CiB

Radial Fak Calridge (Waters Associate).....

Effect of 0.2% acetic acid on the
resclution(R) of chlorpropamide and
tolbutamide using solvent system

methanol 9.2% acetic acid with U-BRONDA-
PAK Cyg Radial Pak Catridge (Waters
AssoClate ) s s i vt s s s s s s s st et c s s e e b

Effect of pH on the resclution(R) of
chlorpropamide and Tolbutamide (I.5)

using solvent system methanol 0.2%

acetic acid (3:2) with U-BONDA-PAK

Ci8 Radial Pak Catridge (Waters

ABSOCiate) . cusiavacsirerrrtrancassnnnanowraow

Within—-day and day—-to—day precision
of plasmassaliva chlorpropamide
determination..ciecccsncasncnacsrnacsscevsna

Mean (+5.0D) pharmacokinetic

parameters derived from plasma in

2 healthy volunteers following oral
administration of 2%0mg chlorpropamide
tablet in fasting state {(A) and with

coocked maize flour meal (Bl.eecoccersvasnsrea

Hiv

PAGE

107

107

110

111

112

112

115

118

123




TABLE

&b

6.

7a

7h

8b

Ya

b

Mean (+S.D) pharmacokinetic parameters
derived from plasma in & diabetic
patients following oral administration
of 250mg chlorpropamide tablet JIOmin
before (A) and with cooked maize flour

Mal (B)lcu--aa-.-l--'-Ioa.'----.t-....---

Mean=s (+S.D) pharmacokinetic

parameters obtained in healthy volunteers
and diabetic patients following oral
administration of 250mg chlorpropamide
tablet with cooked maize flour meal (B).

Mean (+#5.D) plasma concentrations in S5
healthy volunteers following bral
administration of 250mg chlorpropamide
tablet in fasting state (A) and with

cooked maize flour meal (B)....cvveavervans

Mean (+S.D) plasma concentrations in

6 diabetic patients following oral
administration of 250mg chlorpropamide
tablet 3I0min before (A) and with

cocked maize flour meal (B)l..eeevecnnnnnens

Mean (+#5.D) plasma glucose concentrations
in & healthy volunteers following aral
administration of 250mg chlorpropamide
tablet in fasting state (A) and with

cooked maize flour meal (B)....ccecueuncnan

Mean (+5.D) plasma glucose concentrations
in & diabetic patients given cooked maize
flour (M) and following oral administration
of 250mg chlorpropamide tablet ZIO0min before
(A) and With the aalT (Bleecrwoneswmmennnn e

Mean (+5.D) pharmacokinetic parameters
derived from plasma in 5 healthy volunteers
following oral administration of 250mg
chlorpropamide tablet in fasting state (A)
and with cooked cassava flour meal (C).

Mean (+S.D) pharmacokinetic parameters
derived from plasma in & diabetic patients
following oral administration of 2%0mg
chlorpropamide tablet 30min before (A)
and with cocked cassava flour meal (C).

xv

PAGES

124

126

127

129

132

132

135

1346



TABLE

9c

10a

10b

i1a

11ib

12a

12h

12c

Mean (+S.D) pharmacokinetic

parameters obtained in healthy

volunteers and diabetic patients following
ogral administration of 2500mg chlorpropamide
tablet with cooked cassava flour meal.

Mean (+5.D) plasma concentrations in

5 healthy volunteers following oral
administration of 250mg chlorpropamide
tablet in fasting state (A} and with cooked
rassava flour meal (C). ..o vceccnnrermcnraaas

Mean (+5.D) plasma concentrations in

& diabetic patients following oral
administration of 290mg chlorpropamide
tablet J0min before (A) and with cooked
cassava Tlour meal {(Cl.i.ccucrerncvcnmmmasnwa

Mean (+S.0D) plasma glucose concentrations
in 5 healthy volunteers following oral
administration of 250mg chlorpropaside
tablet in fasting state (A) and with

cooked cassava flour meal (C)...cvvrnanancaa

Mean (+5.D) plasma glucose concentrations
in & diabetic patients given cooked
cassava flour (N) and following oral
administration of 250mg chlorpropamide
tablet 30min before (A} and with the

MEﬂl (C)---n-n--.-t-----.t----.-p----...p.-

Mean (+5.D) pharmacokinetic parameters
derived from plasma in 5 healthy volunteers
following oral adaministration of 250mg
chlorpropamide tablet in fasting state

(A) antd with cooked yam flour

meal (D) ... ccisiiercvscaaermmarr e snuman=

Mean (+5.0) pharmacokinetic parameters
derived from plasma in & diabetic patients
fullowing cral administration of 200mg
chlorpropamide tablet 30min hefore (A} and
with cooked vam flour meal (D).c.cennvinene

Mean (+5.0D) pharmacokinetic

parameters obtained in healthy volunteers
and diabetic patients following oral
administration of 280mg chlorpropamide
tablet with cooked vam flour meal......... -

»vi

PAGES

1z9

141

144

144

147

148

150



TABLE

13a

13b

14a

14b

15

16

17a

Mean (+S.D) plasma concentrations

in 5 healthy volunteers following

oral administration of 250mg
chlorpropamide tablet in fasting

state (A) and with cooked yam

flour meal (D)..cscccssncascvncsscnncnnans

Mean (+#5.D) plasma concentrations

in & diabetic patients following

oral administration of 250mg
chlorpropamide tablet Z0Omin before(A)

and with cooked yam flour meal (D}........

Mean (+5.D) plasma glucose

concentrations in 5 healthy

volunteers following oral

administration of 250mg chlor—

propamide tablet in fasting state (A)

and with cooked yam flpur meal (D).........

Mean (+5.D) plasma glucose

concentrations in 6 diabetic

patients given cooked yam flour (0)

and following oral administration

of 250mg chlorpropamide tablet 3O0min
before (A} and with the meal (D)....cuouvo..n

Mean (+5.D) pharmacokinetic

parameters in 5 healthy

volunteers following oral

administration of 250mg chlorpropa-—

mide tablet with cooked maize (B)

cassava (C) and vam (D) flour meals........

Mean (+S5.D) plasma

glucose concentrations in 6

diabetic patients following

ingestion of coocked maize (M)

cassava (N) and vyam (0)

flour mealsS....ccccvovvsecrssncnsasnennrconasn

Mean (+S.D) pharma-—

cokinetic parameters in

6 diabetic patients following oral

administration of 250mg chlorpropa-

mide tablet followed 30min later

with cooked maize (R)

cassava (C) and yam (D)

TIOur BEalS.sicdsisnasssivbsissnanaisinesans
»vii

PAGES

151

153

156

156

159

162

164



TABLE FAGES

i7b Mean (+5.D) plasma
glucose concentrations in 6
diabetic patients following oral
administration of 250mg chlorpro-—
pamide tablet followed 3IO0Omin later
with cooked maize (M)
rassava (N} and vam {(0)
flour MEAlS . cserresmersansenstnannnssaraan 146

18a Mean (+5.D} pharma '
cokinetic parameters drived from
& diabetic patients following oral
administration of 250mg chlorpro—
pamide tablet with cooked maize (B)
cassava (C) and vam
(D} flour MmPAlS.cvsvrsnssacaracnmnsannanans 148

18b Mean mean plasma glucose
concentrations in &6 diabetic patiens
following oral administration of
250mg chlorpropamide tablet with
copoked maize (B) cassava
(C} and vam (D} Fflour

mEE\IE----.-----------.---.----- ------ - o w ow a 170

17a Mean hypoglycaemic responses in
healthy volunteers and diabetic
patipnts fnllowing oral
administration of 250mg chlorpro-
pamide tablet in fasting state (A)
and with rooked maize fiour meal (B)...... 173

19b Mean hypoglycaemic responses in healthy
' volunteers and diabetic patients,
following oral administration of
250mg chlorpropamide tablet in
fasting =tate (A} and with
cooked cassava flour meal (C)ue.craceanuas- 173

19c Mean hypoglycaemic responses
in healthy wvolunteers and diabetic
patients following oral administration
of 250mg chlorpropamide tablet in
fasting state (A) with cocked vam flour
MEAYl (D) ercvmmnsdnausasvusnnasnnrsnannunan 174

xviii



TABLE

20.

21

Mean (+5.D) pharmacokinetic

parameters derived from plasma

and saliva in & healthy

volunteers following oral

administration of 250mg

chlorpropamide tablet in

fasting statP.i.cvcveuvensasscnsvnasancisncann

Mean (+5.D) simul taneous plasma

and saliva concentrations in &

healthy volunteers following oral
administration of 250mg chlorpro-

pamide tablet in fasting state.......ccaues

%ix

PAGES

177

178



EIGURE

ia

ib

10

11

12

14

15

PAGES
Concept of Open one-compartment
mdel--..-....C.'.-I.-.......---.-..-..--- 5
Concept of open two-compartment
mdel“‘.“‘.l.l."-‘.I’....'--.--"'.I-I.- 5
A typical plasma concentration
Time CUrVe..vevevassvsnsnsavssnnsssmannnnnns \
Blood level-time curves showing
possible effects of dosage form
on blood levels after oral admins-—
tration of equal amounts of active
agentl..-.-.-..--..--.I.l.l..l"...--..--- 17
Relationship of blood level-time
curve and pharmacologic effect.....ccc0enn iB
Structures of (a} chlorpraopamide
lnd (b) tleutamide.-....-.I..OI.-.--..... 28
Synthesis and breakdown of glycogen....... 38
Relationships of ketone bodies............ 41
The glycﬂlytic pﬂthﬂa}'....-...-....-a...-. 42
Tricarboxylic acid cycle.ccccsvccasvsnvnsnas 44
Gluconeogenic pathway . . .c.cccecerccscosannens 46
Insulin synthesis within the beta
EO1Y CYTOPDIAEE . ¢ s uvvwwagonineens e eisbngssss a3
Structure of human proinsulin.
Insulin and C-peptide molecules
connected at 2 sites by dipeptide
Iinks ------ O N m R R W mE R R EE R R R e S s e e s e aw s 54
Markham semi-micro Kjeldahl
distillation apparatUS....csvscccsccsnsans 5
Summary of the enzymic method for
qlucos' E!timatim.-.-----.-.......-ﬁ-.-.- 102

Absorption spectra for chlorpropamide
standard powder and tablet.....ccoccvvaenaa 106

b



FIGURE

16

17=

17b

17¢

18a

18h

Calibration curve for glucose in
distilled water using colorimetric
thd-'--'-'.--.---....-.--------...IIIIIR.

Effect of methanol on the resolution (R)
of chlorpropamide and tolbutamide using
splvent system methanol: 0.2% acetic

acid with U-Bonda-Pak C18 Radial Pak
Catridge (Waters Associat@).ciscrrnsaraacenn

Effect of 0.2% acetic acid on the
resolution (R} of chlorpropamide

and tolbutamide using solvent system
methanol: 0.2% acetic acid with
4—Bonda-FPak Ci8 Radial Pak Catridge
{Waters AssoriatP)eecrerasrsomnesccscunnnaaa

Effect of pH on the resolution {R)

ef chlorpropamide and tolbutamide

using solvent system methanol:

0.2% aretiec arcid {JZ:2) with

U-Bonda—-Pak C18 Radial Pak Catridge
(Waters AssociatP).e .o cecccnncccauwennnvenas

High performance liquid chromatograms
of (a} an extract nof blank plasma
containing the internal standard
{IS) and (b) an extract of test
plasma sample obtained from a
volunteer &h following an oral
administration of 250mg
chlorpropamide (CLP)} tablet..icevucnnsvnneea

High performance liguid chromatograms

of {a) an extract of blank saliva
containing the internal standard

{I.58) and (b} an extract of test

saliva sample obtained from a

volunteer &h following an oral
administration of 250mg

rhlorpropamide (CLP) tablet..cvecevracones

Calibhration curve for chlorpropamide
in plasma using HRLC, ..... PemessasEBEm .

Mean plasma concentration-time

curve in healtihy velunteers following

oral administration of 2%0mg chlorpro-

pamide tablet in fasting state (e—)

and with copked maize flour meal {(x——x)
XMl

PAGES

109

11X

114

116

119

120

122

128



FIGURE PAGES

20b Mean plasma concentration—-time curves
in diabetic patients following oral
administration of 250mg chlorpropamide
tablet 30min before (e—e) and with
cooked maize meal {(X—M)..cicreccnnaranas 130

21a Mean plasma glucose concentration-time
curves in healthy volunteers following
oral administration of 250mg chlorpro-
pamide tablet in fasting state (0o-—0)
and with cooked maize flour meal (e—s) 13X

21b Mean plasma glucose concentration time
curves in diabetic patients given cooked
maize flour (4—=< ) and following oral
administration of 250mg chlorpropamide
tablet 30Omin before (o——o) and with the
MBA]l () . ii.ncncnsisavassnnsannncnsinsan 133

22a Mean plasma concentration—time curves
in healthy volunteers following oral
administration of 250mg chlorpropamide
tablet in fasting state (#—) and with
cooked cassava flour meal (0—0)..cvecevsn. 140

22b Mean plasma concentration—time curves
in diabetic patients following oral
administration of 250mg chlorpropamide
tablet Z0min before {(e==¢) and with
cooked cassava flour meal (00— )..cunn.-. 1472

23a Mean plasma glucose concentration—-time
curves in healthy volunteers following
oral administration of 250mg chlorpro-
pamide tablet in fasting state (p—0)
and with cooked cassava flour meal
(F—9 )escvssasssnranssnssasansssssusnssnaanna 145

23b Mean plasma glucose concentration-time
curves in diabetic patients given
cooked cassava flour (9—<d ) and
following oral administration of
250mg chlorpropamide tablet ZOmin
before (6~—0) and with the meal (e—e)... 145

»xii



F1G6URE

24a

24b

2%a

25b

25

28a

Mean plasma concentration—time curves
in healthy volunteers follwing oral
administration af 250mg chlorpro-
pamide tablet in fasting state

(&—=) and with cooked yam flour

mea! (D"'—D)-----u--.-.--.--..-....-----...

Mean plasma concentration—time curves

in diabetic patientz following ocral
administration of 250mg chlorpropamide
tablet Z0min before (+&——=) and with

cooked yam flour meal {O~—0)....vrevnusaan

Mean plasma glucose concentration—-time
curves in healthy volunteers following
oral administration of Z250mg
chlorpropamide tablet in fasting state
{00 and with coocked vam flour

meal (—2)...... t e e am NN s B S S AR,

Mean plasma glucose concentration—-time
curves in diabetic patients given cooked
vam flour (——=) and following oral
administration of 230mg chlorpropamide
tabliet 3I0min before {(O~—Q) and with the
meal (PP e veenarnsnansnorrraansarnrsnaen

Comparative mean plasma concentration-—
time curves in healthy volunteers
following pral admipistration of 250mg
chlorpropamide tablet in fasting state
(+——2} with copked maize x—») cooked
cassava ( (—0 ) and cocked yam (0—0O)
flouwr mPalS..ccivevnvsccncvsnsannnncnvononns

Comparative mean plasma glucose
concentration—-time curves in diabetic
patients following administration of
cooked maize (x—-») cooked cassava (o——a)
and cooked vam {D—@) flour meals alone.

Comparative mean plamma concentration—time
rurves in diabetic patients following oral
administration of 250mg chlorpropamide
tablet followed 3I0min later with cooked
maize {(x——») cooked cassava (o——p) and
cooked vam {(p—®) flour meals. ...

wxiii

PAGES

152

154

157

157

160

1483

165



FIGURE PAGES

28b Comparative mean plasma glucose concentra-—
tion—time curves in diabetic patients
following oral administration of 250mg
chlorpropamide tablet followed 30min
later with cooked maize (x——x) cooked
cassava {(o-—-o) and cooked yam (0o—0Q)
flour meals .c..civscscssasnenansan i 167

2%a Comparative mean plasma concentration—
time curves in diabetic patients following
oral administration of 250mg chlorpropamide
tablet with cooked maize (x—x) cooked
cassava (o—-—o) and cooked yam (0——@Q) flour
BRI E v s s vneress @i @ndwnE e T e eee e EE e 169

29b Comparative mean plasma glucose concentration-—
time curves in diabetic patients following
oral administration of 250mg chlorpropamide
tablet with cooked maize (x——»x) cooked
cassava (o-—0) and cooked yam (@g—0) flour

mals.-.--"...I.-..-..-‘l’...'--.-.ﬂ..I-'. 171
30a Calibration curve for chlorpropamide in

saliva u5ing WLC..II."-.."..I"-l.'...' 175
30b Mean plasma (x-—») and saliva (e—wo)

concentration—time curves 1in healthy

subjects following oral administration

of 250mg chlorpropamide tablet in

Tasting stat®...vesscsivivncsisnnnsncsnsnn 179

xXxiv



APPEND I X

ia

ib

2a

2b

la

3b

45

4b

Chemical Assay of chlorpropamide
tablets and standard powder...ccecccescasas

Dissolution test of chlorpropamide

tablets in phosphate buffer pH 6.8
maintained at 37+0.5°9C, using

USPF XV111 Rotating BRasket Method.
Absorbance Measured at 230NM. ccccnsncsves=-s

Plasma concentrations of

chlorpropamide (mcg/ml}) In 5 healthy
volunteers following oral administration
of 250mg chlorpropamide tablet in fasting
state (A) and with cooked maize flour

MBAR]l (B)envornsnvosscnnsssssssanvenesanaes

Plasma concentrations of

chlorpropamide (mcg/ml) in 6 diabetic
patients following oral administration

of 250mg chlorpropamide tablet 30min
before {(A) and with cooked maize flour
MEAl (B)eervacvcresnsrarsnsnsnssnnsanscsan

Plasma concentrations of

chlorpropamide (mcg/ml) in 5 healthy
administration of 250mg chlorpropamide
tablet in fasting state (A) and with
cooked cassava flour meal (Cleceevevsncnnns

Plasma concentrations of

chlorpropamide (mcg/ml} in & diabetic
patients following oral administration

of 250mg chlorpropamide tablet 30Omin
before (A) and with cooked cassava

flour meal (C)iicicsessissavscinisasssniness

Plasma concentrations of

chlorpropamide (mcg/ml) in 5 healthy
volunteers following oral administration
of 250mg chlorpropamide tablet in

fasting state (A) and with cooked

yam Tiour MRl (B)eeaes sisedime sy eedwseEms

Plasma concentrations of

chlorpropamide (mcg/ml) in &6 diabetic

patients following oral administration

of 250mg chlorpropamide tablet

I0min before (A) and with cooked yam

TIOR DEEY UD) e seas i iwmeele i @ eee e e e
WAV

PAGES

219

219

220

221

222

223

224

225



AFPPENDI X

Sa

Sb

ba

&b

7a

7b

Pharmacokintic parameters of
chlorpropamide in plasma of individual
healthy volunteers following the
ingestion of 250mg tablet in fasting
state (A) and with cooked maize flour

meal ‘B)..-.-I‘-..-'-----.....'..--....l..

FPharmacokinetic parameters of
chlorpropamide in plasma of individual
diabetic patients following the

ingestion of 250mg tablet 3I0min

before (A) and with cooked maize flour
meal {(Bl..ceceoaaans amssRmsansaamanse csvans

Pharmacokinetic parameters of
chlorpropamide in plasma of individual
healthy volunteers following the
ingestion of 250mg tablet in fasting
state (A) and with cooked cassava

flour meal (Cle.ccsescsnncnncccscssssnnnnsan

Pharmacokinetic parameters of

chlorpropamide in plasma of

individual diabetic patients following
the ingestion of 250mg tablet 30min
before (A) and with cooked

cassava Tlour meal (Clessssiisevrassnsiiass

Pharmacokinetic parameters of

chlorpropamide in plasma of

individual healthy volunteers

following the ingestion of 250mg
tablet in fasting state (a) and
with cooked yam flour meal

(D}l.'l.."..-.

Pharmacokinetic parameters of

chlorpropamide in plasma of

individual diabetic patients

following the ingestion of 250mg

tablet 30min before (A) and with

cooked yam flour meal (D).....cccvceuccaes

Plasma glucose levels

{M.Mol/L) in 5 healthy volunteers
following oral administration of
250mg chlorpropamide tablet in

fasting state (A) and with

cooked maize flour meal

%nuvi

(B)

PAGES

226

227

228

229

230

231

232



APPENDI X PAGES

8b Plasma glucose levels
(M.Mol/L) in & diabetic patients
given cooked maize flour (M) and
following oral administration of
250mg chlorpropamide tablet Z0Omin
before (A) and with the meal (B)...c.con.s 232

Pa Flasma glucose level
(M.Mel/L) in S healthy volunteers
following oral administration of
250mg chlorpropamide tablet in
fasting state (A} and with cooked
cassava flour meal (C)..ecvccvncvcconsncnee 233

2h Flasma glucose level
(M.Mol/L) in 6 diabetic
patients given cooked cassava
flour (N) and following oral
administration of 250mg chlorpro-
pamide tablet 30min before (A) and
with the aeal (E)iscsssnvissansenssissanss 233

10a Plasma glucose levels
{(M.Mol/L) In S healthy volunteers
following oral administration of
250mg chlorpropamide tablet in
fasting state (A) and with cooked
yam flour meal (D)......... W 234

10b Plasma glucose level
(M.Mcl/L) in & diabetic patients
given cooked yam flour meal (0)
and following oral administration
af 280mg chlorprapamide tablet
I0min before (A) and with the
Mmeal (D)ecscvcraassssrvoasassnsasnanannnana 234

11 Simultaneous plasma
salivary concentrations of
chlorpropamide {mcg/ml}) in &
healthy volunteers following oral
administration of 250mg chlorpro-
pamide tablet in fasting state....... . anee 235

12 Pharmacokinetic parameters of
chlorpropamide in plasma and
saliva of individual volunteers
following the ingestion of 250mg
tablets in fasting statl...vcecvancccnnwans 236
wxvii



ABBREVIATIONS

B.P. = British FPharmacopoeia

c = Degree Centigrade (Celsius)
g = Gram

L = Litre

MCG = Microgramme

UG = Microgramme

Mg = Milligrame

ML = Millilitre

M.Mol. = Millimole

Min = Minute

h = Hour

HC1 = Hydrochloric Acid

HN03 = Nitric acid

NaOH = Sodium Hydroxide

G.L.C. = Gas Liquid Chromatography
HeP.doBy = High Performance Liquid Chromatography
B.8.P. = United States Pharmacopoeia
pH = Hydrogen —-ion Concentration
u.v. = Ultra Violet

X¥xviii



CHAPTER ONE

INTRODUCT 10N

1.1 Pharmagokinetics

FPharmacokinetics is the study of the rate process-—
es asspciated with absorption, distribution and elimi-
nation of a drug, i.e. guantitating drugs and or metabo—
lite levels in body fluids,; tissues and excreta at any
point in time from the moment of administration wuntil
@limination from the body is complete (Kaplan and Jack,
1980). Clinical pharmacokinetics is a health sciences
discipline which deals with the application of pharma—
cokinetics to the safe and effective therapeutic man-—
agement of the individual patient (Sadee and Beelen,

1980).

Absporption is the process by which a drug proceeds
from the site of administration to the site of peasure-
ment within the body. There are several sites at which
drugs are comnonly administered. These sites may be
classified as either intravascular or extravascular,
Intravascular administration refers to the placement of
a drug directly intoc the blopod, pither intravencusly or
intra—arterially. Extravascular modes of administra-—
tion include the aral, sublingual, buccal, intramuscu-—

tar, subcutaneous, and rectal rouvtes. To enter the



bload, drug administered extravascularly mist be abs-—
sorbed: no abscrption step is reguired when a drug is
atdministered intravascularly {(Rowland and Tozer,

19B0a).

Distribution is the process of reversible transfer
of a drug to and from the site of measurement. Once
absorbed, a drug is distributed to the various tissues
of the body. The rate and extent of distribution are
determined by how well each tissue is perfused with
blood, the bhinding of drug to plasma proteins and to
tissue components, and the permeability pf tissue

membranes of the drug (Rowland and Tozer, 1580a).

Elimination is the irreversible loss of drug from
the site of measurement. Eliminpation occurs by two
processes, metabolism and excretion. Metaboliem is the
conversion of one chemical specie toc another. Excre—
tion is the reversible loss of the chemically unchanged
drug. The two principal organs of elimination, are
liver and kidney. The kidney is the primary site for
excretion of the chemically uwnaltered, or unchanged
drug. The liver is the usual organ of drug metabolism;
however, the kidney and other organs can alsp play an
important metabelic rele for certain drugs (Rowland and

Tozer, 1980a).



The primary standard of a pharmacokinetic study is
baset! upon the data obtained following intravenous
administration. Since the entire dose administered is
placed directly into the blood stream following in-~
travenous administration, the pharmacokinetic parame-—
ters opbtained are unaffected by all the potential
rate-limiting and metabolic factors associated with

drug absorption following other routes.

In pharmacokinetics, attempts are made to describe
a biplogical event in mathematical terms, usually by
developing mathematical models to represent the body as
a system of compartments, even though these compart-
ments often have no apparent physiologic or anatomic
reality. The one compartment model, the simplest model
depicts the body as a single homogenecus uanit. This
model]l is particularly useful for the pharmacokinetic
analysis of blood, plasma or serum concentrations,
salivary and wurinary excretion data for drugs which
rapidly distribute between plasma and other body fluids

and tissues upon entry into the systemic circulation.

To assume the body bebhaves as a one—-compartment
model dops not necessarily mean that the drug concen-—
trations in all body tissues at any given time are the
same. However, a one—compartment model (Fig. la) does

assume that any changes that occur in the plasma gquan—



titatively reflects changes ococurring in tissue drug
levels., A second criterion for uwtilizing a one-com—
paritment model is that drug elimination occurs from the
body in a first—order fashion (i.ep., the rate of elimi-
nation of drug fraom the body at any time is progportion-
al to the amount of drug in the body at that time).
The proportinality constant relating the rate and
amount is the first-order elimination rate constant
1

which has units of reciprocal time {for example, min *,

br 1} (Bibaldi and Perrier, 1975a).

Half-life is one of the most useful pharmacokinet—
ic parameters cbhbtained following drug administration.,
The half-life of a drug is the time required to reduce
the post-absorption concentration of a drug in  the
blood stream by fifty percent. It is calculated by
dividing 9.693 by the calculated scope af each exponen—
tial phase of multiphasic blood level curve (Wagner,

19380).,

Another pharmacokinetic parameter in frequent use
is the area under the curve of blood level versus time.
The methods of calculating this parameter are discussed
hy wvarious authors {(Koup and Gibaldi, 1980; Wagner,

19801},
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The volume of distribution is used to relate the
plasma concentration to the amount of drug in the body
during the elimination phase. It is calculated by
dividing the total amount of drug in the body by the
plasma concentration. Total body clearance is a param—
eter used to guantify drug elimination. Experimental-
1y, total body clearance is calculated by dividing the
systemically available dose of a drug by the area under
the plasma concentration-time curve produced by that
dose. In pharmaccokinetic terms. total body clearance
iz the product of rate constant and volume of distribu-—
tion. It is the sum of individual clearances of the
drug by the various argans and tissues of the body.
For a drug that is pliminated sclely by renal excretion
and hepatic biotransformation., total clearance is the
sum of renal and hepatic clearance (Rowland and Tozer,

19805} .

Tvc compariment Model: When plasma drug levels are
measured at early time periods after intravenous
administration, an initial distributive phase often can
be described kinetically. This distributive phase may
last from a few minutes to several hours. The drug
entering the body (input) does not instantly distribute
{equilibrate) between the blood and those opther body

fluids or tissues which it eventually reaches (Fig.



ib). The distribution of the drug in blood and other
soft tissues, on the other hand occurs at different
rates. Eventually a steady state will be reached which

terminates the "distribution" phase (Ritschel, 1980).

Three compartment Model: If the drug is distributed to
a significant degree in deep depots, such as fat and
bone, or 1is tightly bound in some other tissues, a
third compartment may become distinguishable. Thus,
the three compartment model embodies models one and two
plus an additional tissue compartment {Por tmann,

1970).

The term bicavailability has been defined as the
rate and extent to which the active drug ingredient or
therapeutic moiety is absorbed from a drug product and
becomes available at the site of action which is
normally estimated by its concentration in body fluids,
rate of excretion, or acute pharmacological effect
(Wagner, 1980). According to this definition, the
absorption of an intravenously administered drug is
rapid and complete. However , for reasons of
convenience and stability, most drugs are administered
orally. Therefore, their rate and extent of absorption

in an individual are usually not precisely known



(Blanchard and Sawchuk, 1979).

Ripavailability or bicequivalence studies are
usually based on measurement of the active drug moiety
and/or its metabolite({s) in biological fluids as a
function of time. Biocavailability testing in humans
usually dictates that the biological fluid sample be
limited to blood, urine, or saliva. Drug is adminis—
tered to subjects who are usually in the fasting state
(approximately 12 hours) and who are not permitted food
for several hours after receiving drug. Blood samples
are then collected after drug administration at a
frequency sufficient to permit an estimate of peak
plasma or serum concentration of active drug and the
total area under the plasma level versus time curve.
In wmost studies where oral dosage forms are compared,
the sampling times after each drug administration will
be identical. A typical plasma concentration versus
time curve that may be obtained after oral administra-

tion of a solid dosage form is shown in Figure 2.

Inspection of Figure 2 permits one to observe the
major biocavailability parameters — peak plasma concen—
tration (Cmax.), time to achieve peak plasma concentra-—
tion (tmax.), and area under the plasma level versus
time curve (AUC). The first two parameters, Cmax and

tmax, are related to and used as measures of the rate
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Fig.z2 A typical plasma concentration-time curve.



of availability from the dosage form.The extent of
absorption froam the dosage form is related te the third

parameter, AUC.

Determination of the ‘absolute’ bioavailahility of
a drug usuvally involves a comparison of AUC obtained
following oral and intravenous administration (for
which instantanecu=z and complete bipavailability is
assumed } af the drug. For practical reasons,
intravenous administration is often not possibie, and
in such rases ‘relative’ bicavailability is determined
by comparing the AUC's of the test drug and a secondary
reference s=tandard such as an orally administered
salution of the drug or a dosage form which has been
accepted as a standard (Gibaldi and Perrier, 1975b;

Blanchard and Sawchuk, 1979).

There are a number of circumstances which arise
making it quite difficult to determine the availability
of a drug following administration of a single dose.
The plasma levels of certain drugs may be very low such
that an assay method sensitive enough to measure these
levels may not be available. Other drugs have very
long half-lives, and the determination of the total
area under a plasma concentration—time curve requires
plasma samples to he obtained for excessively long

periocds of time. Thus it is sometimes desirable to
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determine availability based on steadv-state plasma
drug levels following multiple dosing (Gibaldi and

Perrier, 1975b).

For the estimation of availability, determination
of AUC is required. The most commonly emploved methods
far calculating AUC's are the "cut-and-weigh" method,
employment of planimeter and application of trapezoidal

rule {(Gibaldi and Perrier, 1975c}.

Some important areas of application
of bipavailability are:
a. Determination of those formulation factors that
alter the bicavailability of an active ingredient in a
drug product or products.
b. Establishing a generic hipequivalence ar
biovineguivalence of two or more dirug products bor
formuilations.
c. Determnining the effect of foocd on the absorption of
an active ingredient in a drug product or formulation.
d Establishing that one drug interferes with the
ébsnrptiun of another drug, and how o avoid the
interaction.
e. Determining whether increasing age or specific
disease states influence the absorption of an active
ingredient in a drug product or formulation.

f. Assessment of the magnitude and variability of the

[
)
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*first pass’ effect with specific drugs after oral
administration and the degree to which other routes of
administration, such as rectal, nasal or buccal

administration, avoid this effect.

A large number of factors have been shown poten—
tially to interfere with drug absosrption. The degree
of change in clinical response which may accompany
altered drug bicavailability is a function both of the
drug’'s mode of action and also the extent of biocavail-
ability wvariance. It may be difficult to identify a
clinical change with altered drug bicavailability due
to the many factors contributing to, and the often
subjective nature of assessing clinical response.
Never theless, several reports have documented actual
changes in clinical response which have been associated
with bicavailability. Other reports have strongly
suggested that changes in the bicavailability of a
particular drug would have clinical implications. Most
of these compounds have well defined blood or tissue
level for therapeutic effect, steep dose-response
relationships or narrow therapeutic indices, or have
suitable absorption or elimination mechanisms (Blan—

chard and Sawchuk, 1979). When considering the clini-



i3

cal implications of drug bicavailability changes,
whether the cause is a pathological condition, drug
interaction, food interaction, product substitution or
any other factor, it is appropriate to divide bipavial-
ability changes into three major groups: those which
have definitely caused changes in clinical response,
those which have not been shown to cause clinical
changes but are likely to do so, and those which could
bring about c¢linical changes in extreme situations

(Blanchard and Sawchuk, 1979).

ds ipav 1 ich a r
clinical response:

Instances where marked clinical changes have been
associated with impaired drug biocavailability have been
described for Ampicillin (Jordan et al., 1981),
Ketoconazole (Mannisto et al., 1982), Rifampicin
(Polasa and Krishnaswamy, 1983), Blipizide (Sartor et
al., 1982) and Glibenclamide (Wahlin-Boll et al.,

1980).
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2. Binavailability changes which are likely to have
clipical effects:

If a drug meets any of the aforementioned
.criteria, it is likely that a change in drug
bipavailability will have a measurable clinical effect.
Included amongst these drugs are the cardiac
glvecosides, anticcagulants, antihypertensive agents,
anticonvulsants, antinepoplastic agents and inorganic
ions such as lithium. However, in the maiority of
tases, levels pf these compounds in the body greatly
exsceeds the minimum required for activity, and small
changes in bipavailability are unlikely to be of

clinical significance (Blanchard and Sawchuk, 197%).

3. Bioavailability changes which could bring about

clinical changes in extremg situations:

A clinical change will occur for all drugs,
provided that the change in bipavailability is
sufficiently large. The clinical effect may be altered
by changes in either the rate or extent of drug

absorption (Blanchard and Sawchuk, 1979).
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1.4 Factprs Influencing Drug Biocavailability

The compressed tablet is the most widely used oral
dosage form. and is also most commonly involved in drug
bicavailability and bioequivalence problems. This is
not suprising owing to the reduction in drug surface
area in the compressed formulation and the wide variety
of drug forms, tabletting methodologies, excipients and

coating that are used.

Absorption may be affected not only by the

different dosage forms, but also by similar dosage

forms from different manufacturers and different
batches of a dosage form from a single source. The
most common conventional oral dosage forms, in

decreasing order of relative dissolution and absorption
rates are solutions, suspensions, capsules, tablets,

coated tablets and sustained-released preparations.

Dosage—form related factors which can produce
profound differences in bicavailability include
formulation and manufacturing wvariables such as
particle size, the chemical form and solubility of the
drug; the type and quantity of excipients used; the
compaction pressure and other factors (Blanchard and

Sawchuk, 1979).
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Dosage form properties often account for some
modification in the pharmacological activity of
therapeutic agents by altering their intrinsic
absorption pattern. The schematic diagram in Figure 3
shows drug concentration in the blood as a function of
time after oral administration of a fixed amount of
drug in three different dosage forms designated 1, 1II,
and 11Y. The properties of the dosage forms in this
hypothetical example produce a change in the overall
absorption rate which is reflected in the blood level-
time curve. Activity occurs when the blood concentra-
tion reaches the minimum effective drug level (Figure
4). The onset of pharmacological action is signifi-
cantly earlier with formulation I than with formulation
11, and is never attained with formulation 111
(Blanchard and Sawchuk, 1979). The duration of the
clinical effect is often reflected by the length of
time that the blood level of drug is equal to or higher

than the minimum effective level.

Again it can be seen from the example in Figure 3
that the duration of effect obtained from formulation I
is significantly longer than that obtained after equal
dose of formulation I1I. From this general example, it
can be seen that dosage form factors have a significant

effect on the onset, duration and intensity af
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pharmacolocgical action of a particular active

component.

The various formulation and dosage form related
factors which have been extensively discussed by Poole
(1979), Wade (1976) and many other authors includes
particle s=size; crystal form, salt, complex, pH and
solubility characteristics. Other factors are excipi-
ents and adjuvants as well as manufacturing methods.
Foole (1979}, showed that bipavailability of some drugs

have been improved by particle size reduction.

The crystal form in which a drug is presented to
the patient is an important factor influencing the
bicavailability of drugs. The crystal form of a drug
substance may change because the substance exhibits
polymorphism. Polymorphism has been reported to be
relatively common, being exhibited by at least one-
third of all organic compounds. Apart from the poly-
morphic forms in which substances may exist, they can
alsp pocur in non—crystalline or amorphous forms. The
energy reﬁuired for a molecule af a drug to escape from
a crystal in which it is located is very much greater
than that required 1o escape from an armophous powder.
Therefore, the amorphous form of a compound is always
more soluble than the corresponding crystalline form

and may exhibit correspondingly different therapeutic
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properties (Poole. 1979). Examples of drugs in which
this has been observed in vitrpo are novobiocin and

chloramphenicol.

The property of many organic medicinal compounds
to form solvent addition compounds or solvates may also
affect their bicavailability. When water is the
solvent associated with the drug moiety, the solvate
form is called a hydrate. The solubility and rate of
solution of a solvate may significantly differ from
that of non—-solvated form of the drug. Drugs for which
significant differences in dissolution rates have been
observed include caffeine. theophylline and

glutethimide (Poole, 1979).

Complex formation 1s a mechanism that can
influence the biopharmaceutical properties of a drug.
Drugs may interact reversibly to form complexes with
substances occurring in the body, with other drugs or
with pharmacclogically inactive components of the
pharmaceutical dosage form. Such a drug complex may
differ in its physico-chemical properties from the pure
drug. For instance, its ability to permeate biological
membrane may become altered. Such complexes are thus
pharmacologically inactive since dissolution prior to

drug absorption usually fails to occur (Poole, 1979).
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The effect of complexation on drug absorption
depends on the magnitude of the stability constant of
the complex. Frequently, there may be little or no
effect on the rate of absorption and on the overall
biocavailability. However, some drugs which are intrin-
sically poorly absorbed can be converted to non-—
absorbable complexes under certain circumstances and
their biocavailability is further decreased. Complex
formation according to Poole (1979), can be used in
formulation of dosage forms in order to increase solu-
bility or stability of drug substances or drug
products. The drug complex in such systems 1s diluted
in the biological fluids after administration which
results in the dissociation of the complex with little
or no effect on the overall absorption properties of

the active compound.

The components in a dosage form other than the
active drug substance may influence the absorption and
subsequently the performance of a drug product. These
additives or excipients may either facilitate or inhib—
it the absorptive process. The impor tance of
excipients 1in the determination of the final drug
effect was clearly demonstrated by an outbreak of
phenytoin toxicity in Australia. The toxicity occurred
when patients previously maintained in a stable dose of

‘Dilantin’ capsules in which calcium sulphate had been
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used as inert excipient, were given capsules
{containing same guantity of active compound) but with
the calcium sulphate substituted for lactose as "inert’
excipient. Presumably, the inorganic ion had comple)xed

with phenytoin reducing the absorption (Wade, 1976).

The role of surface active agents 1s more complex
and not always easy to predict. These substances are
frequently used to increase solubility or act as
emulsificants, but they may either increase or decrease
absorption depending on the agent, the quantity, the
route of administration, the drug in question and the
nature of formulation. It was reported that these
surface active agents may change the absorptive surface
itself in the small intestine, and that in other cases,
the agents promote micelle formation, thus enabling
lipid soluble substances to disperse in an aqueous

medium (Wade, 1976).

Interaction between drugs and dosage forms may
influence the rate and extent of drug absorption. Such
interactions may be direct, as 1in chelation of
tetracycline by polyvalent metal ions, or indirect as
with the increased rate of acetaminophen absorption due
to the stimulating effect of metoclopromide on the
stomach emptying rate. However, propantheline reduced

the rate of acetaminophen absorption by delaying the
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stomach emptying rate (Welling, 1980).

The wvolume of co-administered fluid may have a
considerable effect on drug absorption. #Although from
a purely physical view-point, drug absorption might be
expected to occur more readily from concentrated
solutions than from dilute solutions, the reverse
appears to be the case. Increased drug bicavailability
from dilute solutions may be related to the tendency
for a compound to follow net mucosal to serosal fluid
flux when hypotonic soplutions are introduced into
gastrointestinal tract. However, it may be related
also to more rapid stomach emptying of large fluid

volumes.

Influence of food and specific dietary components
on drug absorption has been extensively reviewed by
Winstanley and Orme (1989);3 Hayes and Borzelleca
(985). The reviews reflect the complex and unpredict-
able nature of drug-food interactions, and the diffi-
culty of establishing patterns which may be used as
guidelines for optimum drug therapy in relation to
food. The presence of food had been shown to decrease,
delay, increase and or not to affect drug absorp-
tion. Observed effects have been influenced by the
type of drug and dosage form, the nature and size of

meal, fluid intake, the conditions of the subject and
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the time sequence between eating and drug administra-

tion.

Although drug bioavailability studies are
routinely carried out in healthy human subjects, drugs
are administered in practice to patients who may be
suffering from a wvariety of illnesses. Diseases
affecting the cardiovascular system, the liver and the
gastrointestinal tract may alter circulating drug or
metabolite level after oral dosing. Surgical removal
of part of the gastrointestinal tract reduces the
absorption of most compounds, suggesting that patients
who have undergone such procedures may need to be
monitored carefully when taking drugs whose absorption

efficiency is critical.



25

CHAPTER TwWO

LITERATURE REVIEW
2.1 History and Chemistry of Sulphonylureas

Chlopropamide 1is one of the sulphonylureas which
finds i1its greatest usefulness in subjects with Type 11
Diabetes wmellitus. Diabetes mellitus is a metabolic
disease characterised by hyperglycaemia and eventually
glycosuria. It is caused by the inability of tissues
to carry out normal metabolism of carbohydrate, fat and
protein, due to an absclute or relative lack of insu-—
lin. An  absolute lack of insulin is found in some
diabetic patients who develop the disorder early 1in
life (Juvenile or growmth-onset). Relative insulin
deficiency 1is usually found in those diabetics who
develop the disease later in 1life (adult-onset or

maturity-onset) (Aguwa, 19846).

Insulin is by no means an 1ideal treatment for
diabetes, the realisation of this fact has led to a
great deal of research to develop more effective ways
of treating the disease. As a consequence of this

urge, two guanidine derivatives, synthalins A and B
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were introduced into diabetes therapy in the 1920°'s.
Although they were less toxic than guanidine, they had
no therapeutic advantage over insulin. It was shown
that prolonged use of these synthetic derivatives could
result in renal and hepatic damage and consequently
their use was discontinued in early 1930's (Dlaniyi.
1989). The hypoglycaemic action of certain
sulphonamides was first recognised by Ruiz in 1930 but
it was not until 1942 that Johnson and co-workers,
working on S—isopropyl—-2-sulphanilamido-1,3,4 =
thiadiazole {as a potential antithyroid drug),
recognized the hypoglycaemic property. This search led
Loubatieres to produce a series of analogues in order
to study structure-activity relationships. The first
clinically useful drug was produced in 19535 by Frank
and Fuchs, a compound originally known as B255, now
officially known as carbutamide. Since that time there
has been a steady flow of structural modifications
which had led to a group of relatively safe and
effective oral hypoglycaemic agents being introduced

into clinical practice (Dlaniyi, 1989).
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Chemistry:

The general structure of the sulphonylureas

consist of three portions:—

Sulphony lurea nucleus

Ar————e———— 80y - MHCOMNH—~——-——-- R
Aryl Moiety Urea Moiety Alkyl aroup
Variation of the aryl moiety proved most useful. The

para-NHz group was shown to be unnecessary and replaced
by a methyl group to give the drug "Tolbutamide™.
While being an effective hypoglycaemic agent,
tolbutamide was rapidly metabolised by oxidation of the
p—methyl group to a carboxyl function and esxcreted.

Replacement of the methyl group by halogen (chlorine)
gave a compound with increased patency and longer
action. From a series of chloroaryl! compounds pre—
pared, the Z-propylderivative was the most effective
and was given the generic pame of chlorpropamide,
Madification af the urea molety led to loss of activi-
ty whilst variation in the alkyl =side chain showed
that 3 or 4 carbon atoms gave optimum activity. The
alkyl group confers lipophilic properties on the mole-
cule. iLater development included the introduction of
aceiohexamide and tolazamide. The structures of chlor-—

propamide and tolbutamide are shown in Figure 3S.
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a. CL—©-502-NHCONH-(CH2)2-CH3

Chlorpropamide  Diabinese (R)
1-[ P-Chloropheny! ) Sulphonyl )1- 3 - Propylurea

b CHs @—SOZ—NH-CONH-(CHZ)3-CH3

1-Butyl- 3(P - tolyl - Sulphonyl) urea

Fig. 5. Structures of (a) Checapropamide and (b) Tofbutamide.
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-2 Absorption and Metabolism

Chlorpropamide has long been thought to be almost
totally excreted unchanged in the urine {Balant, 1981).
However, Brotherton st al. (1967) using chrematographic
techniques identified two metabolites {p~chloarobenzene
sulphonylurea and p-chlorobenzene sulphonamide) in  the
urine of diabetic patients. The proportion of the drug
hetabolised varied in different individuals on long

term therapy.

Taylor {1972) idéntified two additional
metabolites, Z2-hydroxychlorpropamide and I
hydraxy:hlnrprnpamide from the urine of four diabetic
patients receiving 250-400mg of chlorpropamide daily.
He reported that the unchanged drug accounted for 95
percent of total drug and metabolite concentrations in
Plasma. According to Jackson (19469), it may take as
long as 96 hours for BO-90 percent of chlorpropamide to
be escreted in the urine and complete elimination of

the drug takes 3-7 days.

Chlorpropamide is readily abzorbed from the
gaastrp-intestinal tract and is extensively bound to
plasma proteins. The half-life in plasma is abput 35
hours. It 4is partly metabolised in the liver to

metabolites with some hypoglvcaemic activity; the
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metabolites and the unchanged drug are excreted in the

urine (Martindale, 1989).

2.3 Therapeutic Significance

Chlorpropamide 1is an oral hypoglycaemic agent
useful for the management of hyperglycaemia in
Type 11 diabetics. Hypoglycaemic agents are orally
effective in lowering blood glucose levels and are also
safe, while being more convenient and more acceptable
than insulin to many patients. These agents are not
recommended for Type 1 diabetics, pregnant women, those
who have renal disease or those whose hyperglycaemia

can be controlled by diet (Aguwa, 1984).

The use of oral hypoglycaemic agents in maturity-
onset diabetes suffered a setback after the publication
of a study by the University Group Diabetes FProgramme
(UGDF}. This was a study commenced in 1961 to evaluate
the use of oral agents in the prevention of the long-
term complications of diabetes. Several centers
involving 12 different clinics were used. About 1000
patients participated in a random double blind study in
which diet alone, tolbutamide, insulin and phenformin
were compared. The summary of the findings revealed

that there were more cardiovascular related deaths in
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patients treated with the oral agents than in those on
placebos. Those who were treated with diet and insulin
had better results. As a result of the study many
patients were removed from oral agents and placed on a
diet/or insulin treatment. Patients who can be placed
on oral hypoglycaemic agents include those who show
evidence of pancreatic reserves, that 1is individuals
who require less than 40 units of insulin daily for
control. The pancreatic daily insulin output is be-
tween 40 and 60 units. Such patients are usually
diagnosed after the age of 40 and are not obese. The
older the patient at the onset of diabetes the better
the chance of satisfactory control with oral hypogly-—

caemic agents (Aguwa, 198646).

hani b ti
The mechanism of anti-diabetic action of
sulphony lureas is controversial. While some

investigators stress the importance of stimulation of
insulin secretion and/or beta cell hyperplasia (beta
cytotropic action}), others have shown that the chronic
antidiabetic activity of sulphonylureas does not result
in increased insulin secretion. This suggests that one
or more extrapancreatic actions are involved in the

anti-diabetic effect of these agents {(Lebovitz et al.,
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A direct drug effect on tissup insulin sensitivity
has been claimed {Kolterman gt al., 1984; Ward et al.,
198%). All sulphonvylureas used to treat non—insulin-—
dependent diabetes cause the beta-cell to secrete
insulin, probably by binding o the cell surface
membranes, reducing the ocutflow of potassium from the
cell and increasing the inflow of calcium. Calcium
binds to the protein calmadulin, which mediates micro—
filament contraction, and so facilitates the secretion
of insulin granules. 1In vitro experiments the
insulin-releasing eftfects depend on the concentration
of drug. There are 1000-fould differences in potency in
these in yitrp studies between tolbutamide and gliben-—
clamide, but there is npo evidence that efficacy differs
among the clinically useful sulphonylureas in  the

systems used (Ferner, 198B8).

Sulphonylureas may have extrapancreatic
hypoglycaemic effects in addition to their effects on
the secretion of insulin. There is evidence for (and
sometimes against) actions on insulin receptor numbers
or atfinity. A body of work now favours the idea that
sulphony lureas affect insulin action at a post receptor
site, but do not consistently increase the npumber or

affinity of receptors. Hepatic and muscle glucose
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uptake or glycogen degradation may be altered, and
there continues to be an interest in the ability of
sulphonylureas to inhibit ketogenesis, perhaps by

inhibiting carnitine acyltransferase (Ferner, 1988).

The obhservation of a raised plasma insulin to o
peptide ratio has led to the suggestion that decreased
hepatic insulin extraction is a direct drug effect
(Scheen et al., 1784}). Toplbutamide decreases insulin
eaxtraction in the perfused rat liver (Marshall et al.,
1270) . If this is the case, the lesser amount of
insulin interacting with and taken up by hepatocytes is
relatively more potent in decreasing net hepatic
gluccose ocutput in the presence of the drug (Taylor and

Agius, 1988}.

Joxicity

Chlorpropamide has occasionally been implicated in
bhone-~marrow depression. A transient fall in white cell
count has been neoted, alsc severe leucopenia, pancyto-
penia and fatal bone marrow aplasia with agranulocyto-

sis (Jackson, 196%9)}.

Chlorpropamnide can couse jaundice but less frep—
quently, wsually of less severity and of a different
type. In the general run of patients it produces no

changes in liver function (Jackson, 1969).
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Fatients taking chlorpropamide may become sensi-—
tive to alcohol. They develop flushing, headache,
nausea/vomitting and thoracic discomfort similar to
that following disulphiram ("Antabuse(R)") within 5-10
minutes of drinking small guantities of alcohol. Ae
many as one—third of the patients may be affected to
some extent. The mechanism is not clear. The serum
levels of acetaldehyde and S—hydroxy—indoleacetic acid
are apparently not raised {Jackson, 1969). Effects on
electrolyte bhas also been observed and 1t has been
reported that sulphonylureas cause hyponatremia (Nes—
bel, 17277).

Overdose of Chlorpropamide: More than 500mg of chlor—
propamide daily were used in the early trials and

produced a high incidence of gastrointestinal side

effects; unpleasant taste in the mouth, general
malaise, weakness, ataxia and dizziness (Jackson,
19469).

Preparation and Dosage

Chlorpropamide (Diabinese) is marketed in the form
of 100-and 250mg tablets. 200mg daily dose will
maintain a plasma level of about 10mg per 100ml, while
minimum and maximum effective concentrations are
achieved with 100 and 500mg, respectively. Higher

doses than this are dangerous because of cumulative
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elevation of the drug blood levels. Infact, the lower
the dose, the safer the drug, so that a starting dose
250mg or less is recommended. The danger of severe
hypoglycaemia from higher doses is greatest in the

elderly and mild diabetics (Jackson, 196%).

2.4 Biochemical Basis of Diabetes

Diabetes mellitus is a complex disease
characterized by a grossly abnormal pattern of fuel
usage -~ overproduction of glucose by the liver and
underutilization by other organs. Diabetes refers to
the excessive urination in the disease and mellitus is
from Latin, meaning sweetened with honey, and refers to
the high level of glucose in the urine. Mellitus
distinquishes the disease from diabetes insipidus which
is caused by impaired renal reabsorption of water

(Stryer, 1988a).

There are two major clinical syndromes of
diabetes: One characterized by insulin dependence and
early age of onset with weight 1loss and ketonuria,
insulin—dependent diabetes mellitus (IDDM), and the
second characterized by a relatively later on—-set,
insensitivity to insulin and partial insulin deficiency
non—insulin—dependent diabetes mellitus (NIDDM) (Taylor

and Agius, 1988).

of



Normally the level of glucose in the blood wvaries
only within narrow limits; it rarely rises above
120mg/100m]1 or falls below 60mg/100ml. Maintenance of
a normal blood sugar level is essential because some
tissuesz, for example the brain, rely on glucose for
their metabolism. A fall in blood glucose below a
level of about 3I0mg/100ml causes serious disturbance of
mental function which may ciilminate in COMmA .
Conversely, a rise in blood glucose produces osmotic
diuresis and dehydration. There is a mechanism by
which the level of blood glucose is maintained within
the normal range both after eating a carbohydrate meal

and during starvation (Dakley gt al.. 1975).

Blped sugar rizes after a meal containing
carboyhydrate, due principally tno the breakdown of
starch to glucopse. The glucose is then absorbed and
carried in the portal vein te the liver. In the liver
glucose is stored as the polysaccharide glvoogen.
After an excess of dietary carbeohydrate, glucose is
synthesized into glyrogen. Conversely, in times of
shortage of carbohydrate, glycogen is brokendown to
glucose and released into the blood stiream. The
transformation of glucose to glycogen is shown in
Figure &. it is first phosphorylated oo glurcose—6—

phosphate and then converted to glucose—-1-phosphate.
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The glucose—-1-phosphate adds glucose to the end of
existing glycogen molecules, thus lengthening the
chain. The pathway involved in glycogen breakdown
differs however, from the pathway of glycogen
synthesis, different enzymes being involved at two key
stages in the process: phosphorylase, which
produces glucose—1-phosphate from glycogen by adding on
phosphate groups and glucose—-b-phosphatase which
hydrolyses glucose—46-phosphate to give free glucose.
Both enzymes are influenced by the activity of
hormones. For example, glucagon and adrenaline raise
blood glucose by activating phosphorylase which de—
pletes liver glycogen. This activation of phosphorylase
involves the intervention of the intracellular messen—
ger substance, cyclic-AMP (adenosine monophosphate).
Galactose, fructose and a number of other sugars less
commonly present in foodstuffs are converted into

glucose or glycogen in the liver (Oakley et al., 1975).

Just as complex carbohydrates are broken down into
simple sugars in the gut, proteins are similarly split
into amino acids. Amino acids, like sugars, are
absorbed into the portal blpod stream and carried to
the liver. They may also be used to synthesize protein
in muscle or kidney. Certain amino acids can be
metabolised to glucose. This process 1s especially

important in starvation, which if prolonged, may lead
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Fig. 6. Synthesis and breakdown of glycegen (from Oakley et al. 1975).
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to severe loss of body protein by its conversion into
glucpse in order tp maintain the blood sugar level
{Dakley et al., 1975). The low blood sugar level leads
to decreased secretion of insulin and increased secre-—
tion of glucagon. The dominant metabolic proresses are
the mobilization of triacvilglycerols in adipose tissue
and gluconeogenesis by the liver. The liver obtains
energy for its own needs by oxidizing fatty acids
released from adipose tissue. The concentrations of
acetyl CofA and citrate consequently increase, which
switches off glvcolysis. The uptake of glucose by
muscle is markedly diminished because of the low insu-
1lin 1level, whereas fatty acids enter freely. Conse—
gquently muecle alsp shifts from glucose to fatty acids
for fuel. The RBR-oxidation of fatty acids by muscle
halts the conversich of pyruvate into acetyl CoA.
Hence, pyruvate, lactate and alanine are exported to
the liver for conversion into glucos=e. Proteolysis of
muscle protein provides some of these three—carbon
precursers of glucose. Glycerol derived from the
cieavagé of triacylglycerols is another raw material
for the synthesis of glucose by the liver. The most
important change after about three days of

starvation is that large amounts nof acetoacstate, 33—
hydroxybutyrate and acetone are formed in the liver,

and are released in the blood and carried to the brain
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(Figure 7). Gluconeogenesis depletes the supply of
oxaloacetate, which 1is essential for the entry of
acetyl CoA into the citric acid cycle. At this time
ketone bodies become the major fuel of the brain.
These changes in fuel usage are accompanied by a rise
in the level of ketone bodies in the plasma. The
ketone bodies are excreted in the urine, and acetone,

which is vplatile is also excreted through breathing.

61 Jusis fastuteT f Q1 :

Glycolysis 1is the sequence of reactions that
converts glucose into pyruvate with the concomitant
production of ATP (Stryer, 1988b). In all cells there
is a common system for the metabolism of glucose. In
this process the six—carbon molecule is broken down to
three carbon substances. Pyruvic acid is the end
product of glucose metabolism in mammalian tissues,
although under conditions of oxygen lack this may be
reduced to lactic acid. The transformation of glucose
by this pathways is shown in Figure 8. There are a
number of important points of control of glycolysis,
one involves the phosphorylation of glucose to
glucose-&6-phosphates another involves the further
phosphorylation of fructose—1-phosphate to fructose 1,
6—diphosphate; these two phosphorylation reactions, as

well as the rate of transport of glucose across the
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ACETO ACETATE—s D —3 —Hydroxybutyrate

V
ACETONE + CO,

Fig. 7. Relationships 0f ketone bodies (f{nom Oaktey et at., 1975).
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The glycolytic pathway (§rom Sthyen, 198§).
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cell wmembrane, determine the rapidity of glucose flow
thraough the glucclytic pathway. Normally, pyruvic acid
iz metabolised to give the two—carbon compound, acetyl
coenzyme-A, which is then oxidised to ecarbon dioxide
and water. The series of reactions which sffect this
pxidation was first elucidated by Krebs and is  termed
the tricarboxylic acid cycle. The cycle involves
addition of acetyl cpenzyme-A to oxaloacetic acid to
form citrate which is then transformed into a number of
other odi and tricarboxvylic acids (Figure ). The
tricarboxylic cycle narmally takes place in the
mitonchondria which are small intracellular bodies where
most of the energy of living cells is derived from
pridative processes, By way of glycolysis and the
Krebs cycle there is therefore a complete pathway for
the oxidation of glucrose tp carbon dioxide and water

(Qakley et al.. 1973).

Glucpneggenesis

Bluconepgenesis is the synthesis of glucose frﬁm
non-carbohvdrate precursors (Stryer, 1988c). The
process is important for the maintenance of blood sugar
in periods of food deprivation. It is greatly
accelerated in diabetes where protein breakdown
contributes substantially to the rise in blood sugar

(Dakley et al., 1975). The process is alsc important

th
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Fig. 9. Tricarboxylic Acdd cycle [grom Oakley et al., 1975).
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during periods of intense exercise (Stryer, 1988c).
The gluconeogenic pathway converts pyruvate into
glucose. Noncarbohydrate precursors of glucose enter
the pathways chiefly as pyruvate, oxaloacetate, and
dihydroxyacetone phosphate (Figure 10). The major
noncarbohydrate precursors are lactate, amino acids,
and glycerol. Lactate is formed by active skeletal
muscle when the rate of glycolysis exceeds the
metabolic rate of the citric acid cycle and the
respiratory chain. Amino acids are derived from
proteins in the diet and during starvation from the
breakdown of proteins in skeletal muscle. The
hydrolysis of triacylglycerols in fat cells yields
glycerol and fatty acids. The enzymes of
gluconegenesis are located in cytosol. The major site
of gluconsogenesis is the liver. Gluconeogenesis also
aoccurs 1in  the cortex of the kidney, but the total
amount of glucose formed there is about one—-tenth of
that formed in the liver because of the kidney’'s
smaller mass. Very little gluconeogenesis takes place
in the brain, skeletal muscle, or heart muscle. Rather
gluconeogenesis in the liver and kidney helps to
maintain the glucose level in the blood so that brain
and muscle can extract sufficient glucose from it to

meet their metabolic needs (Stryer, 1988c).
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Fig. 10. Gluconeogenic Pathway {grom Stryen, 1988].
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F abolism

Fat consists of a combination of fatty acids with
glycerol. It is stored in adipose tissue cells
subcutaneously, in the omentum and around the viscera.
The first stage in fat breakdown is the hydrolysis of
neutral fat to give free fatty acids and glycerol. This
process 1is requlated by a number of hormones such as
growth hormone, glucagon and adrenccorticoid hormone

(ACTH) .

In adipose tissue free fatty acids are produced by
the action of lipase and transported to other sites
where they are further metabolised. While carbohydrate
stores provide a source of energy in case of a short
term need, fat provides a store of oxidisable material
available in conditions of prolonged carbohydrate
shortage. Thus fat stores are readily broken down in

starvation (Dakley et al., 1975).

Hyperlipidaemi in_di t 1
Lipoproteins are responsible for the
transportation of lipids from the intestines as

chylomicrons, and from the liver as very low density
lipoproteins (VLDL), to most tissues for oxidation and
to adipose tissue for storage. Lipid is mobilized from
adipose tissue as free fatty acids (FFA) attached to

serum albumin. Abnormalities of lipid metabolism occur
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at the sites of production or utilization of
lipoprotein, causing various hy po- or
hyperlipoproteinemias. In diabetes mellitus, insulin

deficiency causes excessive mobilization of FFA  and
underutilization of chylomicrons and VLDL, leading %o

hypertriacylglycerolemia {(Mayvyes, 1990).

Lipid and lipoprotein abnormalities are common in
the diabetic population as insulin deficiency and
insulin resistance affect key phnzymes and pathways  in
lipid wmetabelism {Orchard, 1990}, In addition, post
transcriptional modification of the apopratein
components of plasma lipoproteins by glycosvylation may
interfere with the binding of lipoproteins to important
cell surface receptors and alter their metabolism (Tan

and Betteridge, 1991).

In Type 1 (IDDM) diabetic subjects in good
glycaemic control, lipid levels are similar to normal
controls, whereas those with poor control usually have
elevated ievels, Hence well-controlled Type 1
diabetics have normal level of triglyceride,
cholesterol, Low-density lipoproteins (LDL) cholesterol
and Very low-density lipoproteins (VLDL) triglyceride.
High-density lipoproteins (HDL) levels, while 1low in
untreated or poorly controlled Type 1 diabetic pa-—-

tients, are similar to appropriate non-diabetic control
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subjects or even raised in patients established on

insulin therapy (Tan and Betteridge, 1991).

Patients with Type 2 (NIDDM) diabetes are much
more likely to have an abnormal lipid profile. The
most common abnormality is hypertriglyceridaemia. VLDL
triglyceride can be S0-100% higher than control
subjects. There is no consistent pattern with regard
to concentration of total plasma cholesterol and LDL
cholesteral. HDL concentration has been found in  many
studies to be reduced in Type 2 diabetic patients.

VLDL clearance may be reduced in untreated or

poorly controlled Type 1 diabetic patients as the
enzyme lipoprotein lipase is dependent on adeqguate
insulin concentration for full activity. This
situation is reversed with insulin therapy and VLDL
kinetics in patients on optimum therapy tend to be

normal.

In Type 2 diabetic patients, there is general
agreement that VLDL production is increased but the
mechanism 1is not known. It 1is not clear whether
hyperinsulinaemia associated with 1insulin resistance
directly stimulates VLDL production, or relative
insulin deficiency at the cellular level secondary to
insulin resistance leads to overproduction of VLDL. In

addition to quantitative changes in VLDL, qualitative
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changes in the lipid and apoprotein composition also
ococur. There is an increase in the triglyceride
content of WVWLDL with a corresponding increase in
particle size. Alteration of apoprotein content with
an increased ratio of apoprotein C-II11 to C-1I1 has been
described and this may be of importance as apoprotein
C-II1 is an inhibitor of lipoprotein lipase while
apoprotein C-I! is an activator of the enzyme. LDL
levels are generally raised in poorly control led
patientse but return to levels similar to control
subiects when normoglycaemia is achieved. LDl levels
are more likely to be elevated in Type 2 diabetic

patients (Tan and Petteridge, 1791).

In  wvitro and in_vivo experiments have shown that
insulin increases LDL receptor activity. A further
factor which may alter LDL receptor binding is
qlycosylation of the lysine residues of LD apoprotein
B. LDiL isolated from diabetic patients has beren shown
to have up to 5% lvsine residues glvcosylated., three to
four-fold higher than control subjects. Whether this
will significantly affect binding still remains to be
proved. The enrichment of LDL with triglvceride seen
in diabetic patients may alsc rause decreased binding

and uptake by cells (Tan and Betteridge, 1991).
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In Type 1 diabetic patients, plasma HDL

concentrations, particularly the HDL fraction which is

most closely associated with protection against
vascular disease, are normal or raised. In Type 2
diabhetic patients, HDL. tends to be 1ow. One

explanation is that the hydrolysis of triglyceride—
rich lipoproteins is reduced in Type 2 diabetic
patients with a consequent reduction in transfer of
surface compoenents to the HDL fraction. Other fatctors
are also involved and an inversg retationship,
independent of WDL, has beenn shown between plasma
insulin and C~peptide levels and HDL in Type 2 diabetic
patients. Activity of the liver enzyme hepatic lipase
which is important in HDL metabolism appears to be
elevated in these patients. Several gualitative
changes in HDL  have been described, particularly
enrichment with triglyceride, depletion of apoprotein A
anq an increased ratio of cholestercl to protein. The
significance of these changes needs further

clarification (Tan and Betteridge. 1991).

Insulin Biosynthesis

Insulin is synthesized as a precursor moleculas,
proinsulin, which is converted within the pancreatic
beta cell to insulin (Rubenstein et al., 1972; Horuit:z

et al.,. 1275). Insulin synthesis within the heta cell
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cytoplasm first involves the formation of pre—proinsu-
lin under the influence of messanger—RNA. Ribosomes
transfer RNA amino acids to make the 4, B and C chains
of proinsulin (Figure 11). The chains., linked in the
order AC-BR are formed cliose to the microsomal mem—
brane. The gpre-hormone sequence is cleared away 50D
that folded proinsulin with its A, B and T chains can
be identified in the cyitpplasmic reticulum. Secretion
granules containing the A and B chains of insulin
separated from the connecting peptide appear in the
region of the Golgi zones of the beta cell cytoplasm,
ultimately to be secreted from the cell by emioccytosis

{Bloom, 198B0).

Structure and properties of Froinsulin and Insulin

Erainsulin consists of a single polypeptide chain
ranging in length from 78 (dog)} to 8&6 (bhuman, pig,
horse, rat) amincacid residues. The variations in
length in the mammalian proteins poccur only in the
connecting polypeptide portion which links the carboxy
terminus of the insulin R to the amino terminus of the
insulin A chain (Figure 12}, The known mammalian
praihsulinE have pairs of basic residues at pither end
of the connecting peptide which link the connecting
pelypeptide to the insulip chains. These residues  are

excised during the conversion of proinsulin to insulin,
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Fig. 12. Stawcture of human prinsulin. Indulin and C-peptide
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giving rise to native insulin plus the remainder of the
connecting polypeptide segment lacking amino - or
carboxyterminal basic residues. This peptide is

designated connecting—-peptide (Rubenstein et al., 19735).

Insulin is a polyvpeptide consisting of 2 chains, A
and B, linked by 2 interchain disulfide bridges that
connect A7 to B7 and AZ0 to R1Z. A third intra—-chain
disulfide bridge connects residues & and 11 of the A
chain. The location of these 3 disulfide bridges is
invariant, and the A and B chaing have 21 and 30 amino

acids respectively, in mbst species (Granner, 199Q).

Déspite its cnnsidérably larger size, proinsulin
is closely similar to insulin in many properties,
including splubility, igneiectri: point, self
associative properties and reactivity with dinsulin
antisera. The connecting peptide (C-peptide) is folded
aver a portion of the surface of the insulin molecule,
but it does not completely mask the "active site",
since intact proinsulin exhibits 3-5 percent biological
activity of insulin in several systems in vitro (Blie~

mann and Sorensen, 1970).



Plasma C-peptide as an indicator gf insulin secretion

The plasma C-peptide concentration has been
interpreted as a semiguantitative measwure of insulin
secretion in a variety of clinical situations (Polonsky
and Rubenstein, 1984). The most important assumptions

on which these methods depend are az follows:

1. C—ﬁeptide and insulin are secreted on an eguimblar
basis from the pancreas. FPolonsky et _al. {(1983),

performed in vivo studies in dogs and the C-peptide and
insulin  concentrations were measured directly in  the
portal vein. Under Basal conditions; a=s well as after
stimilation by intravenous glucose, this ratic varied
between 1.1 and 1.6 which is very close to the
thepretical walue pf 1.0. BSimilarly, in the portal
vein of man during periods of stimulation of insulin
secretion, the C-peptide: insulin molar ratio

approiximates 1.0 (Horwitz, et al., 1975).

2. The hepatic extraction of C-peptide is negligible
under physiologic conditions., Although there is a
great deal of experimental evidence that is consistent
with a negligible hepatic extraction of C—peptide, most
of these studies are not conclusive. In human
subjects, Horwitz gt al. (19753), noted a portal to

peripheral C-peptide ratic of 1.4 in the fasting state,
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and this value increased to 2.7 two minutes after the
start of a rapid intravenous glucose infusion. Because
hepatic vein C-peptide concentrations were not
measured, it was not possible to calculate the hepatic
C-peptide extraction accurately in the study. However,
since hepatic wvein C-peptide concentrations are
intermediate between those in the portal vein and
periphery, the observed ratios are consistent with, but

do not prove, negligible hepatic C-peptide extraction.

3. The metabolic clearance rate (MCR) of C-peptide is
constant under physiologic conditions and over a wide
range of plasma concentrations. AN important
prerequisite for the use of C-peptide as an indicator
of insulin secretion is the demonstration that 1its
metabolic clearance rate is constant under different
physiological circumstances and over the range of
plasma concentrations usually encountered in these
situations. The MCR of C-peptide has been studied
under basal conditions in laboratory animals and man.
Constant i1infusion studies performed in the rat using
C-peptide isolated from bovine pancreas indicated that
its metabolic clearance rate (4.6 + 0.2 ml/min) was
independent of its plasma concentration over a range of
Ing/ml to more than 15ng/ml (Katz and Rubenstein,
1973). Similarly, the metabolic clearance rate of

infused dog C-peptide (11.5 + 0.8ml/kg/min) was
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constant at concentrations encountered under normal
physiologic cirmumstances (Polonsky et al., 1983).
Because of lack of availability of sufficient
quantities of bhuman C-peptide this question has not
been adequately evaluated in man. Faber et al. (1978),
were able to study the MCR of synthetic human C-peptide
in normal control and type 1 diabetic subjects by
analyzing the exponential decay curves after single-
daose injections. The C-peptide MCR NET
indistinquishable in control and type 1 diabetic
subjects. In a single subject, the C-peptide MCR
measured by the constant—-infusion technigue was
comparable with that obtained after bolus injection,
and was found to be independent of 1ts plasma
concentration. It should be stressed that the lack of
additional data on C-peptide kinetics in human subjects
has forced investigators to use the mean result from
the above experiments for all calculations in which the
insulin secretion rate is derived from peripheral C-
peptide levels. The limitations pf this situation are:
i. all the experiments reported by Faber et al. (1978).
were performed under fasting conditions and their
application to other situations, such as after meal
ingestion, in obesity and cirrhosis is currently un-

known .



11; The use of a single value for the C-peptide MCR
does not permit investigators to assess the potential

variability in this parameter in different subjects.

iii. The resolution of plasma C—peptide decay curves
“into more than one exponential as was carried out in
the =study using the single-injection technigue (Faber
et al., 19278), is a difficult and at times arbitrary

procedure; particularly when the plasma concentrations
are low. The difference between resulis obtained with
this technigue and those derived from other methods bof
calculating the C-peptide MCR (such as the constant-—
infusion technigue) are vyet to he determined. Untill
it ig possible for each investigator to study the MCR
of C-peptide in individual subjects and use these data
for the calculation of C-peptide secretion rates., the
validity of using the results of Faber gt _al. (1978}

for all studies will not be known.

Metabolic conseguences of lack of Insulin

In diabetes mellitus, because of an inadequate
insulin secretion, or an inadeguate tissue response to
inswlin, there is deficiency of insulin actions.
Transport of glucose into musele and adipozme tissue is
restricted, and blood glucose therefore rises. In

addition, the breakdown of neutral fat to free fatty
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acids and glycerol is increased and there is a rise in
the fatty acid content of the blood. The increased
catabolism of fatty acids by the liver results in a
greater production of ketone bodies which diffuse out
from the liver and pass to the muscles for further
oxidation. As the diabetic state worsens the ketone
body 1levels increases and, as the capacity for their
oxidation 1is exceeded, ketosis become progressively
more severe. Less amino acids are taken up by tissues
and protein breakdown is greatly increased. At the
same time the enzymes responsible for gluconeogenesis
are activated by the absence of insulin with a conse-
quent increase in the production of glucose, mainly
from the liver at the expense of protein. The lack of
insulin depresses protein and fat synthesis and. when

prolonged, leads to an increase in their breakdown.
These changes can be reversed by insulin, although
some, such as the reversal of gluconeogenesis, may take

many hours (Oakley et al., 19735).

Since all tissues require insulin (bound to the
receptor site) for glucose metabolism and normal
cellular function, all steps leading to and including
this binding are logical sites for genetic errors that
could result in diabetes. This permits the speculation
as to the location of the primary defects. Among these

defects might be an inability of the pancreas to
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synthesize, =tore, and relepase appropriate amounts of
insulin in response to need; errors in the transport of
insulin to the target tissues; incompetent of insulin
recepior sites that interfere with the normal binding
of insulin; a deficiency in glucose tolerance factor
that facilitates insulin binding to the receptor site
and erxtess levels of other hormones that inter fere or
compete with insulin for the binding site (Berdanier,

1974).

Other hormones and the control of blood sugar

Besides insulin there are gther hormones which
significantly influence the control of blood sugar.
The mopst important of these are growth hormone,

glucagon, adrenaline, ACTH and adrenal steroids.

Growth bormone: BGrowth bhormone regulates metabolism in

the growth period and probably alsoc in states of
carbohydrate deprivation, such as fasting. Growth
hormone also increases the breakdown of fat, thereby
sparing oxidation of carbohydrate and increasing blood

glucose.

Glucagon: Glucagon, produced in the A cells of the
igslets of Langerhans, opposes the action of insulin and
raises blood glucose. It does this by increasing

glycogen breakdown (by raising levels of cyclic-AMP in
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the liver) and also by increasing gluconeogenesis.
Glucagon acits by activating phosphorvlase. Glucose-1-
phosphate is readily converted to glucose—-6—phosphate

which is readily hydrolysed to give free glucnse.

Adrenaline: Like glucagon, adrenaline raises blood
sugar. Ry raising the level of cyclic—AMP in liver the
activity of liver phosphorvlase is increased and
glvycogen is broken down to glucose. Another important
effect of adrepaline is to inhibit the secretion of
insulin. This effect may be especially important in
praoducing the hyperglycaemia of adrenaline-secreting

tumours.,

Adrenocorticotropic hormone (ACTH) and Adrenal steroids

Adrenal steroid=zs, particularly those with an
oxygen atom at position 11 on the steroid ring. may
raise blopod sugar and increase glycogen experimentally.
The same effect is produced indirectly by ACTH produced
by the pituitary. In man, the diabetogenic effects of
adrenal steroids such as tortisone are well known,
Cushing's disease, in which steraids are produced in
excess, and steroid therapy quite commonly lead to mild
diabetes and, conversely, in Addison’'s disease, in
which there is steroid deficiency, there is increased

insulin sensitivity. Adrenal steroide therefore have a
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significant influence on carbohydrate metabolism.,
Their principle mode of action is to arcelerate
gluconeogenesis from tissue protein by increasing

enzyme activity in the liver. This effect ot =sterecids
is important in starvation and in diabetic ketosis,
Adrenal steroids may alsc limit glucose uptake by cells

{Dakley et_al., 1973).

2.8 Feod and drug interactions

Food can be described as what one takes into the
body system. which when digested nourishes the body to
maintain life and sustain or promate growth while drug
ise a chemical compound of synthetic., natural or
biological origin which interacts with animal cells and
the resultant action may be o cure or to reduce iltl
effects in the human or animal body. Unless advised to
the contrary, patients Ffrequently take drugs with
meals, the meal time acting as a suitable reminder.
Evidence has shown that the presence of food in  the
gastraointestinal tract (61 tract), and in particular
the stomach, can have a marked vet unpredictable effect
on drug absorption {(Welling, 19773 Melander, 19783

Toothaker and Welling, 198C).

The eprxtent +to which food may alter circulating

levels of an orally dosed compound i= freguently far
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greater than that which may occur due to changing a
drug brand or formulation, so that the enormous
expense involved in producing a particular drug
formulation may be wasted if due attention is not paid
to this easily controllable and yet often ignored

factor (Welling and Tse, 1982).

Food components may interact directly with drugs
in a variety of ways, these generally leading to
decreased drug availability. Examples are chelation of
drug by polyvalent metal ions (Dearborn et al.. 1957),
or complex formation with proteins (Kohn, 1961). Food
can also act as a mechanical barrier, preventing drug

access to the mucosal surface of the intestine.

The formulation in which a drug is administered is
likely to have a profound effect on the outcome of a
particular food-drug interaction. Solutions and sus-—
pensions are generally less susceptible to the influ-
ence of food than other dosage forms because of their
greater mobility within the gastrointestinal tract and
the relative ease with which they pass from the stomach
into the small intestine. On the other hand, enteric
coated tablets are particularly susceptible to food
interactions, as the presence of food may cause the
intact dosage form to remain in the stomach for several

hours after dosing.
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Interactions between food components and porally
administered drugs may have threee possible outcomes.
Drug absorption may be decreased, not affected or
increased., and all of these have been ocbhserved {Welling
and Tse, 1982). Food has been shown to reduce the
bioavailability pf the nopn-esterified penicillins
{(Cronk et al., 19240), ampicillin {Jordan et _@al.,
1981 and amoxycillin {Welling, 1977}, Similarly the
absorption of many of the cephalosporins is either

delaved or reduced by food (McCracken et al.. 1978).

Most studies carried out on erythromycin base in
" plain tablets or capsules have reported that food
delays and/or reduces drug bicavailability {(Josselyn
and Sylvester, 1702; Smitbh et 2l1., 1983). The majority
of the studies with coated tablets reported that

absorption is either delayed or unaffected by food
{Smith et al., 1953; and Bachtol et _al.,

1979). Dthers however , have reported reduced
absorption af erythromycin base from enteric coated
tablets in non-fasting individuals {Maytvla et al.,
1978). The abseorption of erythromycin base from
capsules containing enteric coated pellets was delayed,
but not reduced, when they were taken immediately

following a standard breakfast (Rutland et al.. 1979).
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Fond intake reduces the bicavailability of
rifampicin {Acncella, 1978B; Polasa and Krishnaswamy,
1983} and isoniarid (Melander et al., 1974a). Mannisto
et al (1982} have shown that the AUC for ketoconazple
is significantly reduced by a high carbohvdrate low fat
meal . Food delayed but did not reduce the extent of
metronidazole absorption in healthy subjiects and

patients {(Melander gt _al., 1977a). Absorption of the

antifungal agent griseofulvin was increased by fatty
meals (Crounse, 19613 Kabasakalian et al., 1770}, but
appears to be unaffected by high protein or high
carbohydrate meals (Crounse, 1941}). Co-administration
with food increases the bipavailability of
nitrofurantoin by up to 400X (Bates et al.., 1974;
Rosenberg and Rates, 1974). This pffect is maximal for
those formulations of the drug with  the poorest
dissolution characteristics, suggesting that the effect
is at least in part due to better dissolution resulting
from delayed gastric empiving (Rosenberyg and Bates,
1976). Nigerian fatty meal significantly increased the
extent of absorption of nitrofurantoin, the fatty meal

gave rise to 404 increase in the bipavailability pf the

drug (Ogunbona and Dluwatodima, 1986).

In rontrast to these observations concerning
nitrofurantcin, the bicavailability af the newer

quinclone antibiotics (e.g. ciprofloxacin) is nat
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greatly perturbed by food (Neuman, 1988).

Mebendazole, when given to fasting healthy
subjects, achieved plasma concentrations below 18nmole
/Lz when the same dose was given to the same subjects
with fatty food, the peak plasma concentrations were
21, 112 and 142nmole/ L and AUC was similarly
increased (Munst et al., 1980). Flubendazole, a p-fluoro
derivative of mebendazole, when given with a fatty
meal, like mebendazole gave a higher plasma

concentrations (Michiels et al., 1982).

One study reported that food had no effect on
pivampicillin absorption (Foltz et al., 1971), but
others have demonstrated a distinct reduction in
circulating antibiotic levels due to food (Bergan,
1972; Magni and Siovall, 1972). In a study in which
pivampicillin was administered to healthy volunteers,
mean peak serum antibiotic levels were reduced from 4.5
to 3.3mg/L by the presence of food and the area under
the serum level curve was reduced from 15.3 to 8.0mg

/L (Fernandez et _al., 1973).

Two studies have shown that the absorption of
cephalexin may be significantly reduced when ingested
following a meal. Peak serum levels of antibiotic
activity were reduced to 12mg/L following single 500mg

doses in non-fasted individuals compared to 18mg/L in
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fasted individuals and urinary recovery was also
reduced from 78-100% to S50-70%4 of the dose (Mavers et
al., 19469). Cephalexin absorption was also reduced by
concomitant administration of milk in children

(McCracken et _al., 1978).

Reduced biocavailability of tetracyclines due to
chelation with heavy metal ions, and binding to
macromolecules is well documented { Neuvonen and
Turaka, 1974; Schumacher, 1975 and Braybrooks et al.,
1973). While the absorption of all the oral
tetracyclines is reduced to a similar extent by ion
salts (Neuvonen et al., 1970), doxycycline absorption
is affected less than the other tetracyclines by milk
and dairy products { Neuvonen et al., 1971).
Doxycycline absorption is also influenced by solid
diets than tetracycline or demethylchlortetracycline

(Rosenblatt et al., 1967 and Welling et _al., 1977a).

Harvengt et al (1973) compared the absorption of
cephradine and cephalexin after oral doses to six
fasted subjects and then to the same subjects 30 min
after breakfast. Serum levels of both compounds were
depressed at 30 min after the non-fasting dose, but
peak drug levels, times of peak levels, and also the
total urinary recovery of antibiotic activity were all

unaffected. In a subsequent study by Mischler et al.
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(1974), cephradine absorption was shown to be markedly
delayed when it was administered immediately after a

meal.

While the availability of most sulphonamides is
delayed by food (Melander et al., 1976b), the
availability of sulpbamethoxydiazine is increased
(Kaumeier, 1979; Kaumelier et al., 1979). Food caused a
delay in absorption of sulphamethoxydiazine, and peak
drug levels in plasma were not reached until 10h after
dosing, compared to 7h in fasting individuals.
However, peak plasma concentrations were bhigher, and
the area under the plasma curve was almost doubled.
High fat meals appear to bhave a greater effect on
sulphamethoxydiazine availability than high

carbohydrate or high protein meals.

High carbohydrate diet greatly prolonged the
half-life of theophylline in children, whereas high
protein diet markedly decreased the half-life (Feldman
et al., 1980). Heimann et _al (1982) reported that the
rate of theophylline absorption was significantly
decreased when the drug was given with food; mean
maximum serum concentrations were reached after 4.7h
instead of 1.6h under fasting conditions. However, the

amount of the drug absorbed did not differ between the
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two groups. Food did not influence the absurptinn of
theophylliine from Theolin Retard. The bipgavailability
was complete (3% after 30h) hoth with food and without
food, and np difference was found in tha time to peak
of the plasma concentration curve (7h). The absorption
characteristics did not change with intake of breakfast

(Sips et al., 1984).

Melander and Wahlin-Boll {1978) have shown that
the extent of absorption of dicoumarol is significantly
increased by food., Melander ef al. (1977h) reported an
enhancement of canrenone binavailability from spirono—
lactone by fopod. The results of their study indicates
that more canrenone enters the general circulation when
spironolactone is taken together with food than when

the drug is taken in the fasting state.

The intestinal abzsorption ot propranclol,
metoprolol and labetalol is virtually complete
{Winstanley and Orme, 1989). but administration of the
drugs to non-fasted subiects significantly increases
their bioavailability {Melander gt al., 1977cy
DaﬁEEhmend and Roberts, 1982). Food ha=s been shown to
increase the bipavailability of preopafencne in  healthy

volunteers (Axelson et al., 1978). A high-protein meal

has been reported tp have no effect on verapamil

hipavailability {Woodcock et al., 1986) . The



71

bipavailability of the hydrophilic drug atenol has been

reported to be reduced by food (Melander et _al., 1979).

The anticholinergic effects of propantheline are
inhibited when given with food (Ekenved et al., 1977).
Kennedy and Wade (1982) reported that food delayed the
absorption of phenyteoin but there was no difference in
the total bicavailability as determined by the area
under the plasma concentration-time curve. The effect
of food on the pharmacodynamics of tolmesoxide had also
been studied. Food caused a significant reduction in
the peak plasma concentration and a significant 1in-—
crease in the time to reach peak plasma concentration

of the drug (Elliott et al., 1982).

Food has been shown to decrease the absorption of
paracetamol but area under the blood concentration time
curve did not differ significantly (McGilveray and
Mattock, 1972). In another study, paracetamol is not
affected by fat or protein meals but carbohydrate -
rich meals reduced the rate of absorption of the drug

{(Clement, 1978).

koo and Greebiatt (1980), demonstrated that
ingestion of quinidine with a standard breakfast
affects the rate but not the extent of qguinidine
absorption from the gastrointestinal tract. Conney et

al. (1976) reported that a diet containing charcoal-
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broiled beef markedly decreased the plasma levels of
phenacetin without appreciably influencing the plasma
concentrations of phenacetin’s metabolite N-acetyl-P-

aminophenol, or the plasma half-life of phenacetin.

Concomitant administration of food was found to
have little effect on the bipavailability of
glibenc! amide (Sartor et al., 1980a). However, food
intake significantly delayed the absorption of
glipizide both in diabetic and in normal subjects
(Wahlin—-Boll et al., 1980). #Antal et al (1982), observed r
difference in peak serum concentration of tolbutamide
or the time of its occurrence and the rate of
absorption in diabetic patients. They however observed
a statistically significant decrease in the extent of

the drug absorption when taken with meal.

Melander et al. (1977d}, demonstrated that food
enhances the bioavailability of hydralizine 2-to 3-fold
both when non coated and coated tablets are used.
Asprin absorption is influenced by food ingestion, the
peak concentration of unchanged aspirin was 40 to S0X
reduced by food and the rate of absorption was also
decreased by food (Koch et _al., 1978). Food has been
shown to reduce the inhibitory effects on both gastric
and salivary secretion of the anticholinergic drug

propantheline (Gibaldi and Grundhofer, 1975). This
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antisecretory effects are reguired. Alcohol
bipavailability is reduced when taken with food but
the rate of absorption is not affected, suggesting that

alcohol interacts with food in the gut lumen (Welling

A high protein diet reduces the plasma levels of
Levodopa used in treating parkinson’'s disease {Sweet
and Mcbowell, 1974). On average, a diet containing
iess than 10g protein daily almost doubles the plasma
concentration. Thise effect may be euplained in two
ways. Firstly, by delaying gastric emptying, the meal
causes leveodopa tc be retained in the stomach and
degraded. Secondly, digestion librates amino acids
from the protein which compete with levodopa for active
uptake in the small intestine which is its major site
of absorption. Beta-adrenergic blocking agents, hydra-
lazine and methoxypsoralen also show increased absorp-—
tion when given with food (Toothaker and Welling,
1980). Food changed the distribution of diazepam
(Naranjo et _al., 1980). When fats are eaten following
an intravenous injection of diazepam the plasma concen-—
tration of unbound {(and thus active) diazepam rises,
probably because diazepam is displaced from binding to
plasma and tissue protein by fatty acids (Naranjo et

al 1980).

===
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2.6 Dbjective and Scope of the Study

Oral administration of drugs is convenient and linking
drug doses to daily routines such as meal times can  improve
compliance (Haynes et al., 1979}. However, interindividual
variation in drug response, particularly following oral
administration, has long been a problem. Since this
variation can result in therapeutic failure or drug toxicity
{FRoutledge, i9a8}). In the past, variatipn in the
composition, strength or formulation of the drug has often
been responsible for such problems; Nowadays, atleast in
the ‘developed world’ such formulation problems are rare,
even 5o dose-response relationships still vary from patient
to patient (Winstanley and Orme, 1989). While such wvaria-—
tion may result from pharmacodynamic factors, pharmacokinet-

ic factors are also important (Winstanley and Orme, 1989).

Many | factors which influence
pharmacokinetic/bioavaialability data can be changed by
food, both ‘acutely’, if a drug is taken with a meal and
‘chronically’, where regularly consumed food items influence
drug dispositiaon. The npature of these interactions is
complicated and is & fumnction cf the type and size of the

meal, the chemical and physical Fform of the drug, the dosage
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form and the time relationship between eating and drug
administration. It should be noted that as well as
changing the pharmacokinetic of some drugs, food can alter

their pharmacodynamic effects (Winstanley and Orme, 1989).

The effect of food intake on the absorption of drugs
has received much attention in recent years. Published
reviews of this topic have demonstrated that drug food
interactions may result in reduced, delayed or increased
absorption, or there may be no effect at all (Toothaker and
Welling, 1980). The clinical significance of these
interactions depends both on the type of drug and the extent
of change in absorption. Since a specific drug—food
interactions may be a result of physiological changes in
gastrointestinal tract, or physico-chemical interactions
with the drug molecule itself, it is difficult to make
general rules regarding potential interactions. Therefore,
it is best to evaluate a potential interaction on an
individual drug basis, in a group of subjects 1in a

population at risk (Antal et al., 1982).

The best diet for diebetic patients has been a
controversial issue for many years and still has not been
resolved satisfactorily (Grundy, 1991). There has been, and
continues to be disagreement among workers in the field of

diabetes as to the relative merits of a high-carbohydrate
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versus a low-rcarbohvdrate diet in the treatment of diabetics

{Fajans, 1972}.

The discovery of insulin in 1921 made it possaible to
liberalize carbohydrate diets intake. 1In 1923 Geyelin began
tc prescrihe high-—carbohydrate dietse to diahbetic patients
treated with insulin. In 1935, after reviewing 10 years of
his experience with the high-carbohydrate, low-fat diet, he
concluded that the increased effectiveness of insulin  that
consistently followed the institution of a high—
carbohydrate diet was "chiefly dependent on the degree to

which fat i=s curtailed" (Goodhart and Shills, 1978).

Raizing carbohvdrate intake from 40 tno 60 percent had
tbeen reported to have no deleterious effect in diabetic
patients (Ernest et al., 1965). The reole of carbohydrate
intake in the control of the plasma lipid levels was noted
by Stone and Connor (12465). They increased the carbohydrate
intake from 40 +ton &4 percent, together with other
manipulations of the diet, and noted improvement in  the
hyperglycaesia, hypertriglvceridemia and hypercholesteroclemia
in their patients. Their goal was to keep their patients 5
to 10 pounds under their average body weights. They
suggested that even less fat be included in the diet than
previous observers had advocated and they believed that the
restriction of dietary fat would help lower the incidence of

cardiovascular - renal disease. They also observed that
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"potential diabetes can be activated and mild diabetes can
be made severe by rigid restriction of carbohydrate.
However, Burns-Cox (1969) reported that a high intake of
refined carbohydrate results in an increased incidence of
atherosclerosis in diabetics, but this has been seriously

challenged.

Brunzell et al. (1971), demonstrated an improved glucose

tolerance with high carbohydrate feedings in mild diabetics
by maintaining the subjects with mild diabetes on basal (45
percent) and high (85 percent) carbohydrate diets in order
to evaluate the effect of increased dietary carbohydrate in

diabetes mellitus.

Weinsier et al (1974} studied the effect of high and
low carbohydrate diets on diabetes control, insulin
secretion and bleood lipids. Despite an increased
carbohydrate load from 40 to 60 percent (with fat decreased
from 45 to 25 percent), insulin secretory capacity was
maintained, serum cholesterol was not altered by the change
in dietary fat and the high-carbohydrate intake did not

increase the mean level of serum triglycerides.

Simpson et_al. (1979), demonstrated an improved glucose
tolerance in Type 1 and Type 2 diabetic patients by raising
the patients carbohydrate intake from 40 to 60 percent.

Their results were more impressive in Type 1 than in Type 2
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diabetes. In 1979 the Food and Nutrition Committee of the
American Diabetes Association published dietary
recommendations advocating that the carbohydrate intake of
Type 1 (insulin-dependent) diabetic patients be increased to

S0-60 percent of total calories.

Anderson and Ward (1979), demonstrated that an increased
carbohydrate intake, provided it is in the form of unprocessed
carbohydrate. did not worsen the diabetes or result
in the elevated triglyceride levels. They maintained
diabetic patients receiving low doses of insulin on 35
percent and 70 percent carbohydrate diets and observed lower

triglyceride levels in the patients.

Simpson et al. (1981), demonstrated that a high
carbohydrate diet improved all aspects of diabetes control
and reported that, the restriction of carbohydrate intake
has no short-or long-term advantage for the diabetic and
does often contributes to poor compliance and failure of
dietary therapy. Thus, the prevailing view is that diabetic
patients, should eat a low-fat, high-carbohydrate diet and
where possible carbohydrate be taken in the form of complex
carbohydrate (restricting the intake of simple sugar),
primarily to reduce the risk for coronary heart disease. a
major killer of NIDDM patients. This view represents the
position of several dietary recommending bodies, including,

the Special Report Committee of Canadian Diabetes



79

Hssociation (1981), the British Diabetes Association  (1982)

and the American Diabetes Asspociation (1985).

The Tuftis University Diet and Nutrition Letter (1987),
in their article captioned "Sweet News for FPeople with
Diabetes" reported that the American Diabetes Association
ard the American Dietetic Association are putting more
emphasis on starch foods. Their new dietary list recommends
60 percent of calories as carbohvydrates. The old 1list

advised penple to eat closer to 40 percent.

The most important fact that emerges from clinical and
epidemiologic studies is the deleterious effects of obesity
ogn diabetes. The fairest vascular complications are found
when the habitual dietary intake results in leaness,
regardless of the proportion of carbohydrate or fat in  the

diet (Jenkins et al., 1982).

The present study is intended to evaluate the influence
pf three varieties of Nigerian meals {cutting across the
dietary habits of the three major tribes that is: Hausa,
Yoruba and Igbo)} on the biocavailability and pharmacokinetic
profiles of chlorpropamide tabhlets following oral
administration to baoth healthy apnd freshly diagnosed type Il
diabetic subjects. The aim of the work is to provide s=some
information on the beneficial or ptherwise. the effect of
the traditional dietary habits among the three major tribes

in the management of diabetic patients. Although the three



different types of meals contain essentially carbohydrate,
however their methods of preparation differ. On comparative
basis it was envisaged that the study will be able to

recommend a more appropriate meal for diabetic patients.

Each healthy subject will undergo two treatments:

. administration of a single dose 250ma

chlorpropamide tablet in fasting state.

ii. administration of a single dose 250mg

chlprpropamide tablet concomitantly with a meal.

Each patient will undergo three treatments:
i. Administration of meal only
ii. Administration of a single dose 250mg
chlorpropamide tablet 3IOmin before the meal
(since the patients cannot be fasted for ethical
reason)
iii. administration of a single dose 250mg
chlorpropamide tablet concomitantly with a meal.
Thus, every subject will serve as his or her own
control. Chlorpropamide and glucose levels will be meas-
ured. The batch of the chlorpropamide tablets to be used in
this study will be pre-analyzed to assess the quality of the
tablets and the meal preparations will be analyzed for their

components.
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The study will employ a quantitative y.v.
spectrophotometric technique for the quality control of the
batch of chlorpropamide tablets.

HPLE technigue will be used for the determination of
chlorpropamide plasma levels.

Colorimetric method will be nsed for plasma glucose analysis
angd standard methpds pf analvsis will be emploved for the
determination of mpisture, ash, carbohydrate, fat and

protein contents of the standardized meal preparation.
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CHAFTER THREE

M TERTIALS ARMD PIETTHODES

3.1 MATERIALS
Z.1.1 Drugs

Ehlorpropamide (Diabinese{R)) tablets manufactured by
PFIZER PRODUCTS LTD.. Flot 146, Akanni Doheriy Layout, Ore—
gun, lLagos. Nigeria. Lot. No: 02417004,

Manufacturing Date: 11-90

Expires: 11-93

Chloprpropamide Standard powder supplied by PFIZER

INTERNATIONAL , New York, U.S.A.

Tolbutamide standard powder supplied by Boehringer

Mannheim GMBH 6800 Mannheim 31, West Germany.
3.1.2 i pmen

Model 2046 High performance Jligquid chromatography
{HPLC) system comprising:s

- MA50 solvent delivery system

t

M441 UV/Vis Detector
- M UWSK Septumless Injector

- M 510 Pump
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~ Radial PAK UBONDAPAK CI18 Column and a I module
(WATERS ASSOCIATES CO. LTD., MILLIPDRE HOUSE, 78882 St.

Quentin en. Yvelines, Cedex, France

SP8 - 100 ultraviolet spectrophotometer (PYE — UNICAM

LTD, York Street, Cambridge, England CB1 2PX).

ERWEKA dissolution apparatus and accessories. {(Erweka

Appatebau G. M. B. H. 6056, Heusenstamm Kr. Offenbuch—Main).

KENT pH Meter Model 7060 with a combination pH
Electrode Model EL 887 (Electronic, Instruments, LTd.,

Chertsey, Surrey, England).

Mettler Ralance Model AE 240 (Mettler Instruments LTD.,
Kingsmead House. Abbey Barn Road. High Wy combe

Buckinghamshire).
MAINS STUART Auto Vortex Mixer (Gallemkamp, England.

Centrifuge Machine. ECONOSPIN. Model 120010
(sorRVAIL (R} Instruments, Republic of Germany. Biotechnology

System Division, U.S5.A.)

Hanson Scale (Hanson Industries Ltd., Cleveragh Estate,

Sligo, Ireland).

Autostily M Distilling machine. (Jencons Scientific
LTD, CherryCourt Way Industrial Estate, Stranbridge Road,

Leighton Buzzard).
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3.1.3 Reagents

Hydrochloric acid — Analar grade {(BDH chemicals Ltd.,

Poole, England).

Sodium Hydroxide pellets — {BDH chemicals Ltd., Foole,

England).

Sodium Nitrite - May and BRaker Ltd.,. Dagenham,
England}.

Methanol -~ Analar grade {(BDH Chemicals Lid.. Foole,
England}.

Acetpne - Analar grade (May and Haker Ltd., Dagenham,
England).

Sulphuric #Acid - Analar grade (BDH Chemicals Ltd.,

Ponle, England)}.

Sodium Carbpnate analydrous (G.P.R., Hopkin & William,

Chadwell Health, Essex, England.

Dichloromethane — Analar grade (BDH Chemicals Ltd.,

Poole, England).

Acetic acid —- Pnalar grade (BDH Chemicals Ltd., Foocle,

England).
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Diethylether — Analar grade (BDH Chemicals Ltd., Poole,

England).

FPerchloric Acid - Analar grade (BDH Chemicals Ltd.,

Poole, England).

Glucose powder — Analar grade (BDH Chemicals Ltd.,

Poole, England).

Phenol ~ Analar grade (BDH Chemicals Ltd., Poole,
England) .
Sodium chloride - Analar grade (BDH Chemicals Ltd.,

Poole England).

Sodium acetate anhydrous (G.P.R., Hopkin & William,

Chadwell, Health, Essex, England).

4-Amino phenazone - Analar grade (BDH Chemicals Ltd.,

Poole, England).

Benzpic acid — Analar grade (BDH Chemicals Ltd., Foole,

England).



86

3.2 METHODS
Selasl ali r i blet
3.2.1a Identification

A quantity of the powdered tablets equivalent to 1g of
chlorpropamide was extracted with five quantities each of
4ml of acetone, filtered and evaporated carefully to

dryness on a water—bath.

The residue was used to carryout the fellowing tests:

: 0.1g of the residue was boiled with 8ml of a 50
percent w/w solution of sulphuric acid under a
reflux condenser for 30 minutes, cooled and
filtered, the filtrate was reserved. The melting

point of the precipitate was taken.

ii. The filtrate reserved above was made alkaline with

SM sodium hydroxide and heated.

iii. ©O.1g of the residue was heated with 1g of anhydrous
sodium carbonate at a dull red heat for ten minutes,
and cooled. The residue was extracted with water and
filtered. The filtrate was acidified with 2M nitric

acid and silver nitrate solution was added.
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iv, U.V. spectrum of the sample was run together with
that of the reference sample supplied by FPFIZER

INTERNATIONAL .

S.2.1b Chemical fHssay

Twenty chlorpropamide tablets were accurately weighed
and the average weight determined. They were powdered and a
guantity of the powder egquivalent tn 0.25g of chlarpropamide
was weighed and added to 40wl of wmethancl in a S0ml
volumetric flask, and shaken for 20 minutes. Sufficient
methanol was added to produce 30ml. mixed and filtered. Sml
of the filtrate was diluted ta 100ml with 0.iM hydrochloric
acid and mixed. 10ml of the resulting solution was diluted
te 280m) with 0.1M Hcl acid and mixed, and the absorbance of
the resuiting solution measuwred at the maximum at  232nm.
The percentage content of chlorpropamide was calculated

taking 598 as the value of A (1%, 1cm) at 232 nm (B.P.

1988).
Formula
Absprbance
Weight of the ¥ Dilution factor
drug in gm ¥ A (1¥,1lcm)
A {1 percent, 1cm) = A
cd

Where A (1 percent, 1lem) is the absorbance of a 1cm layer of

a 1% w/v solution {1g in 100ml) of the absorbing solute. It
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is also called the specific absorbance:; is the
concentration of the absorbing sclute expressed as L w/vy and

g is the thickness of the absorbing laver in centimeter.

3.2.1c Disspglution Rate JTests

One 1litre of physiological buffer solution, pH 4.8 as
the dissolution medium was introduced into the vessel and
immersed in a constant temperature water bath maintained at
I7+0.5°C. One chlorpropamide tablet was placed in a dry
basket in an assembled dissoclution apparatus, and the basket
was lowered into position. 7The dissolution apparatus was
operated and the basket containing the chlorpropamide tablet
was rotated at 100 revolutions per minute. 10ml bof the
sample was withdrawn at 49 minutes from a point half-way
between the surface of the dissolution medium and the top of
the rotating basket, not less than 10mm from the wall of the
vessel. The sample was filtered at 37°C and the amount of
active ingredient present in the sampie was determined by
measuring the absorbance of the diluted sample at 23I0nm.
The total! content of chlorpropamide in the medium was
calctlated by taking #4869 as the value of A (1%, 1lcm) at the
maximum at 230nm. Complete operation was repeated four

times (B.P., 1988).
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Preparation of buffer

& .80g of potassium dihydrogen orthophosphate was
accurately weighed and dissolved in 100ml of nater,
sufficient distilled water was atdded to produce 1000ml. It
was warmed to 379C and the pH adjusted to pH 6.8, with IM

sodium hydroxide (B.P., 19838).

3.2.2 Food Sapples dnalysis

3.2.2a Determination of the Moisture Content

A clean petri dish was dried in an oven at 80°C for
about 30 minutes, copled in a dessicator and weighed.
3.00g of the ground meal sample was placed in the dish and
accurately weighed again. The sample in the container was
then dried in an oven at (50 toc 60°C) for 5 bhours. The
sample was immediately transferred to a dessicator after
drying to cool. It was quickly weighed after coocling. The
procedure was repeated by drying for 3 hours for each subse—
quent weighing till constant weigbht was obtained. Duplicate
determination of earch sample was made and the average

determined {(Pearson, 1973}.
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The moisture content of the sample was caltulated using
the following relation:

Moisture (%) =Loss in weigbt due to dryving x 100
Weight of sample taken

2.2.2b Determination of the ash content

A porcelain crucible with 1lid was ignited in a Bunsen
burner flame and itransferred to a dessicator to cool, and
weighed.
8g of the ground meal sample was weighed into the crucible
and weighed again. The crucible containing the sample was
heated gently on a Bunsen burner in a fume cupboard until
gmoking ceased, and then transferred into a muffle furnace
heated at 550 - 570°C untill it turned white. The crucible
was taken out, covered immediately and transferrred tc a

dessicator to cool and it was weighed (Pearson, 1973).

The ash content of the sample was calculated by using
the relation:

Ash (%) = Weight of_ ash ¥ 1900
Weight of sample

I.2.2c Determination of fat {(lipid)} content -

A socxhlet extractor was fitted tc a reflux condenser
and a S00ml round bottom flask., Ug of the dried meal sample

was weighed into a fat—free extraction thimble which was
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previously dried in an oven and weighed. It was plugged
with cotton wool and re-weighed again. The thimble was
placed in the extractor and diethylether was added wuntil it
siphoned over, more ether was added until! the barrel of the

extractor was half full.

The condenser was replaced, and plated on a heating
mantle. The solvent was allowed to bnil gently and left to
siphon aver for 12 hours. Fipally, the ether was 1left to
siphon over until the barrel of the extractor was Jjust
empty . The condenser was detached, and the thimble whWas
removed. The thimble was placed in a fat—free clean beaker
and transferred into an oven to dry at S0°C to a constant

weight (Pearson. 1973).

The weight of the extracted lipid is given by either
the weight of lipid in the flask after extraction or the
weight from the thimble as (weight of thimble containing the
sample before extraction) — {(weipht of thimble and sample

after extraction).

The content of fat in the sample was caloulated by the
following relations
Lipid(f} o= Weight loss of sample

i{estracted fat) » 100
Weight of sample 1
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3.2.2d Determination of the total carbohydrate content

0.02g of the dried food sample was weighed and
transferred to 100ml beaker.
10ml water was added and the content of the beaker was
stirred thoroughly. 13ml of 52% perchloric acid was added
and the mixture was stirred with a glass rod for 30 minutes.
The rod was washed down with 20ml of water and the content
of the beaker transferred into a 250ml volumetric flask made

to volume with distilled water.

The contents of the flask were mixed, filtered and 1ml
filtrate was taken in a test tube in duplicate.
iml distilled water was taken in another set of test tubes as
blank. Sml of anthrone reagent was added to each tube and
mixed.
The tubes were placed in boiling water for 12 minutes and
cooled at room temperature. The absorbance was determined
in 1-cm cell at the wavelength of &430nm against the reagent
blank of distilled water. The sample was assayed by refer—
ence to a standard calibration curve (Joslyn, 1970). The
standard solutions were treated in the same manner and the

carbohydrate content was calculated by the formula:

Concentration of sample x Dilution factor x 100

Weight of Sample 1
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alibr 10N Ccurv

S50mg of standard glucose powder was accurately weighed,
and dissolved in 100m}l of O.1M perchloric acid in a 100-ml
volumetric flask. Thus, the standard soclution contained
S00Mcg/ml. .05, 0.1, 0.2 and 0.3 ml of the standard solution
were transferred into series of 10-m1 volumetric flasksg
enough distilled water was added to volume. Solutions of
various concentrations (0.025 - 0.15Mg) were obtained. 1ml
standard solutions were taken in a set of test tubes and
treated in the same manner as sample and blank. The
absorbance was measured at 630nm against the reagent blank.

Graph of absorbance against concentration was plotted.

Nitrogen usin jeldahl thod

0.25g of the dried sample was weighed into a wmicro
Kieldahl digestion flask.
0.8qg of catalyst mixture and 2ml of nitrogen free
concentrated sulphuric acid were added and stirred to mix.
The flask which was fitted with a loose pear—stopper in an
inclined position was heated in a fume cupboard. The heat
was applied gently first, but when the initial frothing
subsided it was increased gradually untill the liquid boiled
at a moderate rate. The flask was swirled from time to time

in order to wash down any chaired material adhering to the
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filask. The heating proceeded for 1h after the liguid had
become clear. The flask was left to conol. The content of
the fTlask wmwas distilled uwusing the Markham semi—micro

Kieldahl distillation apparatus (figure 13}.

Distillation procedure: The content of the Kieldahl flask

was transferred quantitatively to the reaction vessal
t#ruugh the furmmel. The flask and funnel were rinsed with
two successive S—ml volumes of water. 15m] of 404 sodium
hydroxide solution was added through the funnel and the
mixtire was allowed to distill intc 20 ml of 0.iM Hcl
containing 2 drops of phenalphthalein indicator in a conical
flask. The content of the tonical flask was titrated with

0.1M NaoH (Pearson, 1973).

Nitrogen content of preoteins varies from 15-18%Z with an
average wvalue of 1&6¥%. Therefore, the crude protein value
waz estimated by the relation. Nitrogen x &6.25 (factor),
and the protein content of the sample was given by the rela-
tion:

g protein x 100
g sample 1

Preparation of catalyst mixture:

200g o©f sodium sulphate was mixed with Bg of hydrated

copper sulphate and 1.5 of selenium dioxide.
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For e
introduction
of
digest « atkali

Fig. 13. Harkham semi-micne Kjeldahl distciflation apparatus
(Pearnson, 1973).
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3.2.3 Meal-Chlorpropamide Interaction Studies In Healthy
Human Subjects

3.2.%3a Subjects

Normal healthy adult human subjects (14 males and 2
females) volunteered for the study. Their age ranged from
28 to 35 years, mean +5.D 33.50 (# 3.25) height ranged from
1.50 to 1.75m, mean +5S.D 1.70 (+ 0.08) and their weight
range was 55 to 70kg, mean +8.D 62.3% (+ 5.76). Fifteen
males completed the study. There were three groups of meals
and five subjects were used for each group. Every subject

served as his own control.

3.2.3b Groups of Meals

1. Coocked Maize flour "Tuwon masara" and "Miyan kuka"

(Adansonia digita Linn) soup.
2 Cooked Cassava flour “"Gari" and vegetable

(Amaranthus tricolor Linn) soup.

3. Cooked Yam flour "Amala" and okra (Hibiscus

esculentus) soup.

250g meal consisting of 25g meat was dished out to each

healthy and patient volunteers.



b 7

o N PR T tu ign

Each subject received the following two treatments at
two weeks intervals, using a two way cross over design: (1)
one 250mg chlorpropamide tablet administered in a fasting
state; (ii) one 250mg chlorpropamide tablet administered
orally immediately after a meal of the subjects’ group.

150m] water was taken with each treatment.

The protocol of the study was explained to each of the
subjects and an informed consent was obtained. No drugs
including alcohol was allowed one month before the study and
each subject fasted overnight before taking part on the
following day. On the day of each test, prior to oral
ingestion of the 250mg chlorpropamide tablet each subject
attended the trial room and was allowed S5-—min relaxation on
a couch, A cannula was placed in an antecubital vein and OSml

of blood taken in a heparinized tube predose.

For the first treatment, the tablet was swallowed on an
empty stomach at 08.00 a.m. and the subject fasted for the
next 4 hours after drug administration. The subject was
then given coocked "jollof"” beans (350gm) before further
blood samplings. A Sml blank saliva sample was also
collected after stimulation with a rubber band which was
chewed for 2 min. Further saliva samples were collected

from six subjects whose saliva pH varied within a narrow
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range (7.00 - 7.40), and were able to produce 5ml in 2 min.

Further samplings were at times 0.5, 1, 2, 4, 6, 8, 12,
36, A48, 72, 144 and 168 hours. The subject undergoing the
second treatment took the meal of his or her group together
with 250mg dose of chlorpropamide tablet. Only the blood
samples were collected for this treatment. No food or other
drink was allowed during the four hours of the study. Elood
was collected in heparinized tubes and plasma was obtained
by centrifuging at 2000g for 10 minutes. Using pasteur
pipette, the plasma was transferred into bijoux bottle,
stoppered and stored alongside the saliva samples which were
collected in plain plastic containers in a deep freezer at

-20°C until analyzed.

3.2.4 —chlorpr i g 1 ] i i

Patien

3.2.4a Subjects

Eighteen type 11 diabetic patients (16 males and 2
females) freshly diagnosed participated in the study. The
diagnostic criteria were based on the National Diabetes Data
Group’'s recommendation in 1979. Their age ranged from 32-
85 years, mean +5.D 45.8B6(+ 8.83), height ranged from 1.55 to
1.82m, mean +5S.D 1.67(+ 0.06) and their weight range was 50
to 72 kg, mean +5.D 64.86(+ 8.30). Six subjects were used

for each group of the three groups of meals. The meals were
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as described for the healthy subjects study.

3.2.4b Study Design

Each patient received the following three treatments
at 2 weeks intervals, using a three way cross over design:
(i) a standardized meal only; (ii) a standardized meal given
30 min after the administration of one chlorpropamide 250mg
tablet orally and (iii) a standardized meal given together

with 250mg chlorpropamide tablet administered orally.

2ml blood sample was drawn for the first treatment
(meal only) while Sml blood sample was drawn for other
treatments. The sampling times were 0, 0.5, 1, 2,4, 6, 8
hours, for the first treatment (only meal) and further
samplings for the other two treatments were at times 24, 48,
72, 144 and 148 hours. Other procedures were as described

for the healthy subjects.

3.2.5 Drug L l1ysi

X.2.5a Extraction Procedure

The extraction profile of chlorpropamide and
Tolbutamide (1.5) were studied in hexane, toluene,
diethylether, chloroform and dichloromethane.

Blank plasma sample (0.5ml) was spiked with SOmcg/ml chlor—
propamide, 100mcg/ml tolbutamide (1.5S) and 1M Hcl (0.5ml).

Sml of epach solvent was added and mixed on an automixer for
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10 seconds, centrifuged at 2000g for 3 min and the aguecus
layer was aspirated. The aliguot layer was removed and
evaporated to dryness in a stream of nitrogen at 40°, The
dried residue was dissolved in S50UL of methanol and 10UL

injected on to the column.

The percentage extraction recoveries of chlorpropamide
was calculated using the following relation

Peak Height Ratio of

The Extracted Chlorpropamide x 100

Peak Height Ratioc of 1
The standard chlorpropamide.

The above extraction procedure was repeated with 3.00ml of
the most suitable solvent (dichloromethane) using different
concentrations of chlorpropamide and maintaining the same

concentration of tolbutamide (1.5).

3.2.5b QOptimization studies

The ratio of the components of the solvent system
methanol:acetic acid was varied and the effect of pH of the
mobile phase on the suitable ratio of the solvent system was

studied to optimize the system.

3.2.3¢C P rati r uti ndar
cCurves
Stock solutions of chlorpropamide and tolbutamide

(1mg/ml) were prepared by dissolving 50mg of the reference
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sample in iml of 0.1M sodium hydroxide and diluting to SOML
with water. These solutions were found to be stable for at
least 5 months when stored at 4°C. Working solutions of
appropriate concentration were prepared every week by
dilution of the stock solutions. Plasma calibration curve
was prepared by spiking blank plasma sample 0.5ml with 1, 5§,
10, 20, 30, and 40 mcg/ml chlorpropamide standard and
100mcg/ml tolbutamide as internal standard. The saliva
calibration curve was also prepared by spiking blank (1ml)
saliva samples with 0.2, 0.4, 0.6, 0.8, 2, 3 and 4 mcg/ml
chlorpropamide standard and 10mcg/ml tolbutamide as internal
standard. The samples were prepared as described under
extraction procedure using 3ml of dichloromethane as the

extraction solvent.

3.2.5d Precision

The precision of the assay was determined by analyzing
drug-free human plasma/saliva spiked with known amounts of
chlorpropamide. The coefficient pf variation (C.V.) at
three different concentrations of plasma and saliva for five
samples at each level were studied (Within-assay and

day—-to-day assay). .
- ¢ !
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3.2.6 Plasma_glucose analysis

I.2.6a Principle

Blucose pDxidase is a specific enzvme which promotes
the oxidation of glucose to acid with the production of an
equivalent amount of hydrogen peroxide. In the presence of
a second enzyme - peroxidase, oxygen from peroxide can be
transferred to a suitable acreptor with the production of a
coloured complex compound. The intensity of which is
proportional e the concentration of glucose in sample

{Martinek, 1%44).

Blucose HA0
Hlucose opxridase Giluconolactone 02 Gluconic acid +

HoO o

Hy O, + Oxygenacceptor Pergsidase colour complex + Hp0

Fig. 14 Summary of the enzymitc methods for glucose

estimation.

F.2.4b Reagents and Preparation

1. Phenol Reagent: 21.20mmol/L phencl in 0.1534MM sodium
chloride solution (1.944 colourless phenol crystals in 1

litre of 0.9% sodium chloride).

2. Enzyme of colour reagent:
15ml Fercozyme {glucose oaxidase), 15mg peroxidase, 300mg of
4-aminp phenazone were mixed and made up to velume with

sodium acetates/acetic acid buffer {(12.88g of sodium acetate
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anhydrous dissolved in 200ml of distilled water, 320ul of
glacial acetic acid was added) in 1000 - ml volumetric

flask. Solution was stable for 8 weeks at 4°C.

3. BStock glucose solution:
18.02g of glucose dissolved in 1-litre of distilled water

saturated with benzoic acid.

4. Standard glucose working solution:
1.0m1 of stock glucose solution diluted to 10ml with

distilled water saturated with benzoic acid.

3.2.6c Procedure

Three tubes were labelled as test, standard and blank.
The phenol reagent, plasma, standard glucose, distilled

water and colour reagent were mixed as shown in the table

below.
Test Standard Blank
M1 M1 M1
Reagent
Phenol Reagent 2.9 2.8 2.3
Plasma 0.05 - -
Standard (10Mmol /L) - 0.05 -
Distilled Water - - 0.05

Colour Reagent - 2.9 2.3
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The tubes were incubated at 37°C for 20 minutes and
cooled at room temperature for 45min. The absorbance was
measured at 520nm using the reagent blank. The amount of

glucose in the sample was calculated using the following

formula:
Glucose Mmol/L. = Absorbance of Test-Blank » 10
Absorbance of standard-Blank 1
X.2.7 Data Analyses

After the single oral dose of chlorpropamide, the
pharmacokinetic parameters were calculated using a one

compar tment open-model itinerated computer programme K INEMP!

Results were euxpressed as mean + S5.D. They were
analysed for statistical significance by students t—-test for
paired data and the differences among meals were compared by
analysis of variance (ANDVA), the significant points were
further analysed using the least square difference (LSD).
Healthy and patient volunteers’ results were compared using
students t-test for independent data. P <0.05 being consid-

ered significant in all cases.
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CHAPTER FOUR

ESULTS

4.1 fChuality Eontrol pf Chiorpropamide Tablets:

The melting point of the recrystallized product
the extracted chlorpropamide was 142.5°C. The Ffiltrate
obtained when treated with S5M NaoH solution produced  an
ammoniacal odour. The extracted drug heated with anhvydrous
sodium carbonate and treated with AgNO; produced white
precipitate. The solution of the sample obtained in the

assay exhibited an absorption maximum at 232nm {Figure 15}.

The chlorpropamide tablets and standard powder
contained 98.466 and 1C¢0.5 percent of the active ingredients
respectively. Thus, the sample and the standard powder
complied with the B. P, (1988) specification of drug content
(2.5 ~ 107.8)%. The drug content values and the percentage

cnmpusitinn are shown in Table 1a.

The percentages of the active ingredient released in
solution during the dissolution test are shown in table 1ib.
The wsean amount released was 78.97+0.23%. The results
complied with the offical B.F. {1988) requirement of not

less than 70% in 45Smin.

of



Standard

Sample

200 nm

232nm

320 nm

Fig. 15. ibﬁggt{on spectra fon Chlonpropamide standard powder and
a -
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TABLE la: QUANTITATIVE DETERMINATION OF CHLORPROPAMIDE
TABLETS AND STANDARD POWDER USING B.P. (1988) METHOD

CHLORFROPAMIDE DRUG CONTENT % + S.D.
Tablets 286 .65 9B.66+0,.003
Standard Powder 251.25 100,5+.001

Table 1b: DISSOLUTION OF CHLORPROPAMIDE TABLETS IN
PHOSPHATE BUFFER pH 6.8 MAINTAINED AT 37:0.5BC
USING USF XVIII ROTATING BASKET METHOD
WITH A STIRRING RATE OF 100 r.p.m.

No. of tablets Percentage Dissolved
1 78.67
2 78.93
3 79.10
el 79.19
Mean +5.D. 78.974+0.23

S.D. = Standard Deviation
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4.2 Food Samples Analysis:

The mean percentage composition of the meals with their
energy values are shown in Table 2. The calibration curve
for carbohydrate content determination is shown in Figure
16. It can be seen that the I meals (B, C and D) used in

this study have low protein and high carbohydrate contents.

4.3 ru is:

% cti f Bi i -~ Out of all the solvent
media tried for the extraction of chlorpropamide and
tolbutamide (I1.S.) from plasma and saliva, dichloromethane
was found to be most suitable at pH of about 3. The
percentages of chlorpropamide recovery from plasma and

saliva are shown in Table X.

Solvent system: The effects of wvarying the ratio of

methanol and acetic acid (0.2%) on the resolution of
chlorpropamide and tolbutamide are shown in Table 4a, Figure
17a and Table 4b, Figure 17b respectively. The influence of
pH of the mobile phase on chlorpropamide and tolbutamide
resolution is shown in Table 4c, Figure 17C. There was no

separation at pH below 4.5. Resolution of chlorpropamide
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Table 2: HEMN PROVINATE PERCENTASE CONPOSITION BF
THE MEALE WITH ENERGY VALULS

fercantaqe Cosposilion of Jried Sasple
Siaple  Ewergr Nlwe  Percestige 5.0,
tode Lal. 1} Hoislare  Ash Fal Protein Eardohydrite

bW BRI B0 AN I5.04T 1200020 3R.M0eL0D

Mg L9RET TETG 20040034 30504008 D.9945.80 8B.M+L. 10

C AR50 18750 7ROR LGALIE MLMAE 1754000 26004058

b OATH UMLTE TR0 RSB BOBD.H L75H.35 BNSBeLb

¥ = Jollot Yeass

3 = Cpoked maize fleor and "piyan aka® sl
£ = Cooked cassava Hlowr and skra sonp aeal

¥ = Looked yan 1lour and vegetadle woup amal,

6.0, = Slindard Bevialios
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Table 3: PERCENTAGE EXTRACTION RECOVERIES OF CHLORPROPAMIDE
AT DIFFERENT CONCENTRATIONS FROM PLASMA AND

SALIVA
Concentration % Recoveries

(mcg/ml) Plasma Saliva
0.20 75.60 98.60
0,50 97 .40 98.52
2 96.00 97.52
10 9?5.60 96 .50
20 ?4.32 ?6.00
30 93.56 95.32
Mean 95.41 97 .07

+5.D. 1.34 1.35

S.D. = Standard Deviation
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Table 4a: EFFECT OF METHANOL ON THE RESOLUTION (R)
OF CHLORPROPAMIDE AND TOLBUTAMIDE USING SDLVENT
SYSTEM METHANOL O.2% ACETIC ACID WITH U-BONDA -
FPAK CiB8 RADIAL PAK CATRIDGE {(WATERS ASSDCIATE)
Solvent Percentage Resolution
Methanol 0.2% Acetic Acid R
20 80 3,93
40 60 1.34
50 50 1.94
60 40 .77
80 20 1.42
Table 4b: EFFECT OF 0.2% ACETIC ACID ON THE RESOLUTION (R)
OF CHLORPROPAMIDE AND TOLBUTAMIDE USING SOLVENT
SYSTEM METHANOL 0.2% ACETIC ACID WITH U-BONDA-
PAK C18 RADIAL PAK CATRIDGE (WATERS ASSOCIATE)
Solvent Percentage Resolution
0.2% Acetic Acid Methanol R
20 80 1.42
40 60 1.77
50 50 1.94
60 40 1.34
a0 20 3.93
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Chorpropamide and tolbutamide using solvent system
metfhano€0.2% acefde acdd with p-Bonda-Pak CIS Radial Pak
Catridge (Waters Associate].

4.0+
R

307
2.0+
1-01

0 20 40 60

» /e METHANOL
Fig. 17a. thgect of methanol on the nesclution (R) of
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Fig.17b. Effect of 0.2% acetic acid on the nesofution (R) of
Chlorpropamide and telbutamide using solvent system methancl:
0.2% acetic acid with p-Bonda-Pak €4 nadial Pak Catridge
(Waterns Assocdate).
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Table #4c: EFFECT OF pH ON THE RESOLUTION (R) OF
EHLDRPROFPAMIDE AND TOLBUTAMIDE ( INTERNAL STANDARD)
USING SOLVENT SYSTEM METHANOL 0.2% ACETIC ACID
(3:2}y WITH U-BONDA-PAY €18 RADIAL PAK CATRIDGE
{WATERG ASSOCIATE)

pH of Mobile Resoliution
Phase {FR)
4,30 .63
B.00 | 0.920
5.50 1.13
&5.G | 1.33
&.30 1.595
&.70 1.60

7.00 1.22
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Edfect 0f PH on the xcsclution (R) of Chlorpropamide and
internal standard [Zcloutamide) uding dolveni sysiem
methanof: 0.2% acetic acid (3:2) with p-Bonda-Pak Crg
rnadial Pak catrdidge (Watens Associate).
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and tolbutamide {(1I.85) increased with the increase in pH up
to pH 4.7. However at pH above 6.7 there was a decrease in
the resoclution. The retention times of chlorpropamide and
tclbutamide uzming the solvent system methanol and 0.2%
acetic acid ((3:2} at pH about 4.5 were 8 and 11 min
respectivelv. The results of within and day—to-day assay
studies are shown in Table 5. Typical chromatograms cof an
extract of blank plasma and blank saliva containing the
internal standard are shown in Figures 18a and 18b

respectively.
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Table 5: WITHIN-DAY AND DAY-TO-DAY PRECISIOM OF PLASMA/
SALIVA CHLORPROFPAMIDE DETERMINATION

u

Biplogical fluid Concentration Coefficient
fmcg/ml) of variation n

Within-—-run

Plasma 1.0 3.0 -~
10 2.0 s
30 1.2 S

Salivea 0.2 S.3 b
0.3 3.5 -]
1.0 2.8 &

Pay—to-day

Plasma 1.0 4.3 3
10 3.5 5
30 1.6 S

Saliva 0.2 6.3 &
0.5 4.2 &

ot
"

o]
i
L]

o
o
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(b) (a)

0.10 a.u.g.48. 0.10 a.u.§.4.

JVJ%/_ J U~

T
12 8 l 0 12 8 : 0

4
«— TIME (MIN.) «— TIME (MIN.)

r L) T i I

Fig. 18a. High-Penformance Liquid Chromategrams of (a) an extract of

blank plasma containing the {nternal standand (1.S8), and
(b) an extract of test plasma sample obtained from a volunteen

6h following an oral administration of 250mg Chlornpropamide
(CEP) tablet.



Fig.1&b.

(b) {(a)

0.02 a.u.§.s. 0.0 a.u.§.5.

1S

ol

A 7

¥ ¥ ¥

i

Yo ] ¥

12 8 i 0 12 8 4
e TIME (MIN.) —— TIME(MIN.)

O

High-Performance Liguid Chromatograms of an extract of blank
saliva containing the internal standand (1.8}, and (b) an
extract of test saliva sample obiained from a volunteern 6h

following an oral administration of 250mg Chlorpropamide
{CLP) tabfet. _
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4.4 Cooked Maize Flour Meal {8) Chlorpropamide

Interactions Studies 1In Healthy Volunteers And_ Diabetic

Fatients

Figure 19 shows the calibration curve obtained in
plasma For chlorpropamide. Following oral administration
of a s=single 25Gmg chleorpropamide tablet to healthy and
patient volunteers as described under the materials and
methods, the mean maximum plasma concentrations (Cmax)
ranged from 2&6.34+0.74 to 31.33t3.33 mcg/ml. The mean time
to peak plasma concentration (tmax) ranged from 4.33+2.33 to
&6.80+1.67h. The absorption half-life (t1/2») ranged from
G.460+0.21 to 1.55+1.14h and the elimination half-life
{t1/28) ranged from 31.46+8.69 to 34.70+13,.05h,

The mean chlorpropamide pharmacokinetic parameters .Dbtained
for healthy subijects are shown in table éa while the mean
parameters obtained for patients are shown in Table &h. The
similarities between the parameters are obvious, The
differences in the derived parameters compared for both
healthy subiects (fasting state versus meal treatment) and
patients {(JI0min. before meal and concomitant administration
of grug with meal) were however not statistically
significant. The total area under the plasma
concentration—-time curve {AuCo-oo) for the healthy subjects
in fasting state when compared with that obtained when the

drug was administered concomitantly with meal did not differ
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Fig. 19.

Calibration curve for Chlorprepamide 4in plasma using HPLC,
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MEAN (+5.D.) PHARMACOKINETIC PARAMETERS DERIVED

FROM FLASMA IN 5 HEALTHY VDLUNTEERS FOLLOWING ORAL
ADMINISTRATION OF 250M5 CHLORPROFAMIDE TABLET IN
FASTING STATE {A) AND WITH CDOKED MAIZE FLOUR

MEAL. (B)

Mean Parameter
I.SUDI

A

Paired sample
T-Test Results

tag Time (h}

Absorption half-
life. £1/2 = ()

Absorption rate
congtant. ka
th~1;

Maximum concen—
tration. Cmax
mcg/ml

Time to peak
concentration
tmax (i)

Area Under the
Curve (AUC}
AUCo-1488hH
{mcg/h/ml)

AUCo-o
(mcgshsml)

Relative bio-
availability. FR

Volume of
distribution
Vd (L}

Clearance
£t (L/7h)

Flimination half
life. t1/2 R (h)}

Elimination rate
constant. ke
(h~y

0.39+0.09

C.&H0+0.21

1.33+0.69

26.3440.94

S.20+1 .09

1472.03+398.49

1876.89448081 .59

0.62+0.19

F.77+0.83

0.17+0.06

0.53€0.00

1.65+1.14

26.468+0.35
b.40+1 .67
1399.32+378.02

1483, 72+820.29

0.58+0.156

7.53+0.80

0.18+0.06

34.70+13.00 31.464B.49

0.02+0.01

0.02+0.004

P<o.02

PLC,. 09

FLO.06

PLo.36

P<Q.20

PaQ.25

F<O,.11

P<0.67

P<0.48

PLO.70

F<0.28

PLO.62
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Table &6b: MEAN (+#5.D.) PHARMACOKINETIC FARAMETERS DERIVED
FROM FLASHMA IN & DIABETIC PATIENTS FOLLDWING ORAL
ADMINISTRATION OF 250MG CHLORPROPAMIDE TABLET
30 MINM. BEFORE {A) AND WITH COOKED MAIZE FLOUR

MEAL (R}
Mean Parameter Paired sample
+5.D.} A B T-Test Results
Lag Time (h) 0.2840.13 O.3640.12 P<0.29

Absorption half- :
life. £1/2 » (h) Q.B14+G.463 1.12+0.58 P<0.17

Absorption rate

constant. ka
(th™1) 1.2640.72 0.75+0,35 P<0.15

Maximum concen—
tration. Cmax

meogsml J1.0643.73 31.33+3.33 F<0,59
Time to peak
concentration
tmax (h) 4, 3342.33 5.664+1.50 P<0O.17

Area Under the
Curve (AUC)

AICo—~-148h

(mcg/Hh/ml) 744 _554395.71  1758.98+467.49 P<0.88
AN o—o

(mcg/h/ml) 1B12.284423.51 1831.26+512.70 FP<0.846
Relative bhio-

availability. FR 0.43+0.1% Q.63x0.15 P<0Q.74
Volume of

distribution

Y (L) 6,800,777 6L.4750.,.66 Q.48
Elearance

CL tL/h} 0.1440,.03 (G.13+0.03 . P{Q.81

Elimination half
life. t1/2 & (h) 33.964+4.89% 33.794+9.25 PCG.17

Elimination rate
constant. ke
th 1) 0.0240.001 0,02+0,008 F0.36
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significantly (FP<0.11); although the mean value was 5.91%

higher in the fasting state. However, the mean AUCo-oo
obtained for patients was 10% higher when chlorpropamide was
ingested concomitantly with the meal compared with the drug

ingestion 3I0min. before the meal (P<0.86).

The mean pharmacokinetic parameters obtained for
healthy subjects and diabetic patients are compared in Table
bcC. Significantly different mean values were observed for
lag time (tlag), Cmax and volume of distribution (vd) in
diabetic patients compared to healthy subjects. No
significant difference was observed in the other absorption

and the elimination parameters (P>0.0%5).

The mean plasma chlorpropamide concentration for
healthy and patient volunteers are shown in Table 7a, Figure
20a and Table 7b, Figure 20b respectively. Higher, but non
statistically significant chlorpropamide levels were
detected for 4h when the drug was administered to healthy
subjects 1in fasting state relative to when the drug was
concomitantly administered with the meal. Chlorpropamide
concentrations were however significantly higher for 2h in
patients when the drug was taken Z0min before the meal
compared with concomitant administration (0.5h, P<0.04%5; 1ih,
P<0.008 and 2h, P<0.016). The differences observed in the
concentrations in healthy and patient volunteers at other

sampling points were however not statistically significant.
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Table 6c: MEAN (+S.D.) PHARMACDKINETIC PARAMETERS OBTAINED
IN HEALTHY VOLUNTEERS AND DIABETIC PATIENTS
FOLLOWING ORAL ADMINISTRATION OF 250MG CHLORPROPAMIDE
TABLET WITH COOKED MAIZE FLODUR MEAL (B}

Healthy Diabetic
Mean Parameter Vaolunteers Fatients Faired sample
+ 8. D. A R T-Test Results
Lag Time (h) 0.53+0,05 0.36+0.12 P<0.05
Absorption hal f-
life. t1/2 % (h) 1.65+1.14 1.12+0.58 P<0.47
Absorption rate
conitant. ka
(th™ ) Q0.53+0.23 0.75+0.35 P<0.43
Maximum concen—
tration. Cmax
mcg/ml 26.684+0.35 31.33+3 .33 P<0.013
Time to peak
concentration
tmax (h) 6.8041,.67 5H.66+1.50 P<0.69
Area Under the
Curve (AUC)
AUCo-168h
(mcg/h/ml) 1399.32+378.02 1758.98+4467 .49 P<0.27
AUCo-o
{mcg/h/ml) 1483.72+420.49 1831.26+512.75 P<0.34
Relative bio-
availability. FR 0.58+0.16 0.63+0.15 P<0.84
Yd (L) 7.9340.8B0 6.6740.66 P<0.05
Clearance
CL (L/h) 0.18+0.06 0.1440.03 P<0.46
Elimination half
life. t1/2 B (h) 31.46+B.69 33.79+9.25 P<0.87

Elimination rate
constant. ke
(h'l} 0.02+0.014 0.02+0.008 PLO.67
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Table 7a: MEAN (+5.D.) PLASMA CONCENTRATIONS IN © HEALTHY
VOLUDNTEERS FOLLOWING DRAL ADMINISTRATION OF 250MG
CHLORPROPAMIDE TABLET IN FASTING STATE {(A) AND
WITH COONED MATZE FLDUR MEAL (B}

Time (h} Concentration {(megsml) £5.D.

2] B
0.5 4 652+43%.91 4£.83+72.81
1 14.84+5.30 10.83+7.92
2 2X.2242,67 18.37+4 3%
4 26.08x0. 57 23.9542.49
.6 25.464+0.82 24.85+2.31
8 24.42+1 .17 24 .3%6+2.14
12 22.32+1.87 22.49+1 .72
36 13.40+4 02 13.08+1.746
48 10,4644 .03 10.05+2.10
72 4£.58+5.54 6,05+2.18
144 1.8641. 346 1.454+1.12
1468 1.2541.13 0.94+0.83

5.0D. = Standard BDeviation
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Fig. 20a. Mean plasma concentration - time curves Ln healthy volunteens
following oral administration of 250mg Chlonpropamide tabiet

- fasting state (#——H4) and weth covked maize {Eour meal
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Table 7b: MEAN (+S5.D.) PLASMA CONCENTRATIONS IN & DIABETIC
PATIENTS FOLLOWING ORAL ADMINISTRATION OF 250MG
CHLORPROPAMIDE TABLET 30 MIN. BEFORE (A) AND
WITH COOKED MAIZE FLOUR MEAL (B}

Time (h) Concentration (mcg/ml) +5.D.

f B
0.5 7.71+45.64 3.67+3.00
1 18.77+6.18 12.45+5.98
2 28.44+47 .29 22.4546.30
4 29.89+3.56 29.30+3.36
) 29.91+3.80 30.64+2.53
8 29.19+44.30 30.35+3.09
24 21.28+4.53 22.18+4.66
48 12.98+3.73 13.54+4 .56
72 7.9742.93 8.44+3%.76
144 1.91+1,.17 2.13+1.48
168 1.20+0.83 1.43+41.07

S. D. = Standard Deviation
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The results of the effects of each mode of treatment on
the plasma glucopse levels in healthy and patient wvolunteers
are shown in Table Ba, Figure 21a and Table 8b, Figure 21b
respectively. Fnllowing administration of a single 250mg
chlorpropamide tablet to healthy wvolunteers (in fasting
state and concomitantly with meal) the glucose levels
decreased consistently and Fell below the preprandial
values. Significant decrease in the plasma glucose values
were however observed in the fasting state compared with
when the drug was administered concomitantly with meal at
0.5h, (P<O.05)Y: 1lh, (P<0.04} and at 8h (P<0,.01). In the
case o0f patients, the glucose levels increased for the 3
treatmeﬁtg. reaching a mean maximum in 2h in each case.
Thereafter, the gQlucose levels decreased and fell below the
preprandial levels in the two cases where drug was taken.
This occurred in the 4th hour when chlorpropamide was
administered 30min before meal, in the &4th hour when the
drug was administered concomitantly with the meal. Plasma
glucose level had not returned tc the preprandial value at

the 8th bour when meal alone was taken.

The respective mean postprandial plasma glucose values
were significantly lowered at each point when chlorpropamide
was taken XOmin. before meal! (P<0.02 — P<0.001) and for &h
when the drug was administered concomitantly with meal

(P<0.04 — P<O.00Z) as compared to when meal alone was
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Table Ba: MEAN (+5.D.) PLASMA GLUCOSE CONCENTRATIONS
IN S HEALTHY VOLUNTEERS FOLLOWING ORAL
ADMINISTRATION OF 250MG CHLORPROPAMIDE TABLET
IN FASTING STATE (A) AND WITH COODKED MAIZE
FLOUR MEAL (B)
Time (h) Plasma Glucose Mmol/L (+5.D.)
A H
0O 4. 467+0.25 4.80+0.13
0.3 4.47+0,.32 4_.75+0.12
1 4.31+0.31 4.50+0.1%9
2 4.12+0.28 4.30+0.11
gl 3:9240.29 4.124+0.13
6 4.01+0.20 4.0840.07
8 4.14+0,.05 4.06+0.06
Table 8b: MEAN (+5.D.) PLASMA GLUCOSE CONCENTRATIONS
IN 6 DIABETIC PATIENTS GIVEN COOKED MAIZE FLOUR
(M) AND FOLLOWING ORAL ADMINISTRATION OF 250MG
CHLORPROPAMIDE TABLET ZIOMIN REFORE {(A) AND
WITH THE MEAL (B)
Time (h) Plasma Glucose Mmol/L (+5.D.)
M 8] B
O 17.68+3.23 17.724+3 .59 17.91+3.64
0.5 21.25+4.09 18.66+4 .31 19.29+4.24
1 22.39+3.12 19.61+4.16 20.57+4 06
2 22.94+3.87 19.88+4.87 20.84+4.94
4 21.10+3.68 17.3944 .31 18.58+43 .92
1) 18.87+4.28 16.31+4 .43 17.02+4 64
a8 18.48+3.80 15.55+4 .64 16.18+5,.06

S-

= Standard Deviation
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administered. The differences detected 1in the lowered
postprandial oglucose levels when the drug was administered
30 min. prior to meal compared with concomitant
administration of drug and meal were statistically
significant at 0.5h (P<0.001), 1h (P<0.02), 4h {(P<0.02) and

6h (P<O,004),

4.5 Cooked Cassava Flour Meal (C) Chlorpropamide

n ti i h And Diabetic
Patients

Following oral administration of a single 250mg
chlorpropamide tablet to healthy and patient volunteers as
described under the materials and methods, the mean Cmax
ranged from 31.06+2.10 to 23.06+1.72 mcg/ml and the mean
tmax ranged from 2.16 +0.98 to 11.20+1.78h. The mean t1/2x
ranged from O0,33+40,07 to 4.23+42.75h and the wmean t1/2B

ranged from 33.67+13.846 to 41.28+9.78h.

The mean chlorpropamide pharmacokinetic parameters
obtained for healthy subiects and diabetic patients are
shown in Table %a and 9b respectively. Concomitant
administration of drug with meal increased the lag time,
tmax and t1/2x while the ka was reduced relative to when the

drug was administered in fasting state.
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Table 9a: MEAN (+5.D.) PHARMACOKINETIC PARAMETERS DERIVED
FROM PLASMA IN 5 HEALTHY VOLUNTEERS FDLLOWING DRAL
ADMINISTRATION OF 250MG CHLORPROPAMIDE TABLET
IN FASTING STATE (A) WITH COOKED CASSAVA
FLOUR MEAL (C)

Mean Parameter Paired sample
+ S. D. i C T-Test Results
Lag Time (h) 0.24+0.09 0.50+0.15 FP<0.004

Absorption half-
life. t1/2 x (h) 0.52+0.17 4.23+42.57 P<0.02

Absorption rate
constant ka
(h™ 1y 1.4440.48 0.2440.19 P<0.002

Maximum concen-—
tration. Cmax

mcg/ml 31.69042.29 31.06+2.10 P<0.13
Time to peak
concentration
tmax (h) 3.60+0.89 11.20+1.78 P<0.001

Area Under the
Curve (AUC)

AUCo—-1468h

{mcg/h/ml) 1977 .40+308.43 1907.33+283.39 P<0.40
AUCo—oo

{mcg/h/ml) 2116.53+378.41 2032.86+291.31 P<0.22
Relative bio-

availability. FR 0.83+0.15 0.80+0.11 P<0.21

Yd (L) 7.0241.10 5.79+2.13 P<0O.11
Cleararnce

CL (L/h) 0.1240.02 0.13+0.02 P<0.09

Elimination half
life. t1/2 B (h) 41.28+9.78 33.67+13.86 FP<0.14

Elimination rate
constant ke
(h™1) 0.0240.006 0.02+0.011 P<0.3
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Table 9b: MEAN (+5.D.) PHARMACOKINETIC PARAMETERS DERIVED
FROM FPLASMA IN 6 DIABETIC PATIENTS FOLLOWING ORAL
ADMINISTRATION OF 250MG CHLORPROPAMIDE TABLET
JOMIN. BEFORE (A) AND WITH COOKED CASSAVA
FLOUR MEAL (C)

Mean FParameter Paired sample
# 8. Da A 5 T-Test Results
Lag Time (h) 0.2340.13 0.27+0.10 P<0.43

Absorption half-
life. t1/2 x (h) 0.33+0.07 1.5040.53 P<0.002

Absorption rate
cogitant. ka
(h 7)

2.1240.446 0.53+40.23 FP<0.0003
Maximum concen-—
tration. Cmax
mcg/ml 32.58+2.95 33.06+1.72 P<0.72
Time to peak
concentration
tmax (h) 2.16+0.98 7.33+1.03 P<0O . 0002
Area Under the
Curve (AUC)
AUCo-1468h
(mcg/h/ml) 1768.09+316.34 2177.31+349.17 FP<0.12
AUCo—oo
(mcg/h/ml) 1844 ,324+340.30 2273.29+338.41 F<0.14
Relative bio—
availability. FR 0.64+0.12 0.79+0.13 P<0.13
Vd (L) L.67+0.61 6£.47+40.64 P<0.34
Clearance
CL (L/h) 0.14+0.02 0.11+0.02 P<O0.12
Elimination half
life. t1/2 B (h) 33.94+5.66 40.40+45.53 F<0.18
Elimination rate
cogitant. ke
(h =) 0.02+0.003 0.017+40.002 P<0.20

§S. D. = Standard Deviation
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. Fallowing chlorpropamide administration to healthy
gubjects in fasting state or concomitantly with meal, the
mean AUCH~oo did not differ significantly (P<O.22).

However, it was 4.11% higher in the fasting state. In the
case of patients, there was a 23.25% reduction in the mean
AtCo~oo when the drug was administered 30min. before meal

compared to when the drug was concomitantly administered

with meal (P<0.14)}.

The mean pharmacokinetic parameters obtained for
healthy and patient volunteers are compared in Table 9c.
Significant reductions were ohserved for lagtime, ka,ti/2 » and
tma» in patients relative to thoze of the healthy subjects.

Mo significant difference was observed for other parameters

in healthy and patients volunteers {(P>0.0%5),

The measn plasma chlorpropamide concentrations are
shown in Table 10a, Figure Z2a and Table 10b, Figure 22Zb
for healthy and patient vblunteers respectively. In healthy
subiects, chlorpropamide concentrations were significantly
higher in fasting state relative to when the drug was
concomitantly administered with meal (P<0.02 — P{0.001). In
the rase of the patients, significantly higher
chlorpropamide concentrations were observed for Zh when the
drug was administered 30min. before meal compared with

concomitant administration (FP<0.02 — PG 001).,
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Table 9c: HMEAN (+5.D.) PHARMACCKINETIC PARAMETERS OBTAINED
INM HEALTHY WYOLUNTEERS AND DIARETIC PATIENTS
FOLLOWING ORAL ADMINISTRATION OF 250MG
CHLORPROPAMIDE TABLET WITH COOKED CASSAVA
FILOIR MEAL (C)

Independent
Mean Parameter Healthy Diabetic Sample T-Test
+ 8. D, Volunteers Patients Results
Lag Time (h} OQ.5040.15 0_.27+0.10 P<O0O14
Abzorption half-
life. t1/2 » (h) 4,.23+2.97 1.50+0.53 FL£0.04
Absorption rate
constant. ka
(h~1y 0.2440.19 0.5340.23 P40, 052
Maximum concen-—
tration. Cmax
meg/ml 31.05642.10 33.06+1.72 PLOL1T
Time to peak
concentration
tmax (h} 11.20+3.78 7.33+1.03 PO . 0027
Area LUinder the
Curve {AULC}
AUCo—1&8h0
{imcg/h/ml) 1907 .33+283 .43 2177.31+349,17 027
AUCo~DOo
{mcg/h/ml) 2032.864291 .31 2273.29+338.41 P{0O. X7
Relative bio—
availability. FR 0.80+0.11 O0.7940.13 £<0.87
Yd {L) 5,792,158 £.47+0_.864 P<Q.43
Clearance
Cl. {L/B) Q. 13+G, 02 0.11+0.02 F<G,. 30
Elimination half
life. 172 B (h) 33.67+13.86 40_.40+5.593 P<O.31L
Elimination rate
constant. ke
(th™ 4 0.02+0.11 0.01740.002 P<0.20

S.p0 = 5Standard Deviation
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Table 10a: MEAN (+5.D.) PLASMA CONCENTRATIONS IN 5 HEALTHY
VOLUNTEERS FOLLOWING ORAL ADMINISTRATION OF 250MG
CHLORPROPAMIDE TABLET IN FASTING STATE (A) AND
WiTH CODKED CASSAVA FLOUR MEAL (C)

Time (h) Concentration {(mcg/ml) +5.D.
2] C

0.5 12.2147.32 2,21+2,31
1 22.30+5.10 5.35+2.96
2 29.68+2.47 11.40+3.28
4 31.61+2.57 19.39+2.5%
) 30.85+2.55 24 _17+2.10
8 29.81+2.37 27.06+3.11
12 27.71+2.08 29.61+5.21
36 18.27+2.43 21.30+3.97
48 14.87+2.68 16.21+42.72
72 9.92+2.73 9.4042.83

144 3.0941.62 2.28+1.65

168 2.12+1.26 1.50+1.1%9

S. D. = Standard Deviation
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Table 10b: MEAN +5.D.) PLASMA CONCENTRATIONS IN & DIABETIC
PATIENTS FOLLOWING ORAL ADMINISTRATION OF 250MG
CHLORPROPAMIDE TABLET 30 MIN BEFORE (A} AND
WiTH COOXED CASSAVA FLOUR MEAL (C)

Time (h} Concentration {mcg/ml) +5.D0.
A c

.9 15.8548.,10 - 4.1F542.10

b 3 27.24+1 .91 11.42+3.41

2 J2.38+2.91 20.92+3.73

4 F2.01+3.31 29.46+1 .54

, ] JQ.73+3.48 J2.20+0.95

a8 29.49+3.44 F2.7642.12

24 21 .19+3.23 26.00+3F.16

4g 12,.97+2 .88 17.20+2.85

72 7.98+2 .40 11.404+2.47
144 1.91+1.,.06 F.3741.27
148 1.2040_.77 2.24+0.97

5. D. = Standard Deviation
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The results of the effects of Eacﬁ mode of treatment on
the plasma glucose levels are shown in Table 1la, Figure 23a
and in Figure 23b, Table 11ih, Tor healthy and patient
volunteers respectively. Follpwing administration of a
single 250mg chlorpropamide tablet to healthy subjects in
fasting state, the glucose levels decreased and fell below
the preprandial levels. However, when the drug was
administered top the subjects concomitantly with meal. the
glucose level increased for i1h and fell below the
preprandial value between the 2nd and 4th hour. The glucose
levels when the drug was administered in fasting state were
however significantly different for 4 h compared with
concomitant administration of drug and meal (P<O.03F —
P<O.01). In the case of patients, plasma gQlucose levels
increased for each treatment, reaching a mean maximum in 2 h
when meal along was ingested and when the drug was
concomitantly administered with the meal. The corresponding
time to reach mean maximum plasma glucose level when the
drug was given I0min. before the drug was gh. Therpatter,
the wvalues decreased and fell below the preprandial levels
in the 6th hour when the druig was administered SOmin. before
meal and 8th hour when it was administered concomitantly
with meal. The glucose level had not returned to the
ﬁreprandial level in the 8th hour when the meal alone was

ingested.
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Table 1l1a: MEAN (+S5.D) PLASMA GLUCOSE CONCENTRATIONS
IN 5 HEALTHY VOLUNTEERS FOLLOWING ORAL
ADMINISTRATION OF 250MG CHLORPROPAMIDE TABLET
IN FASTING STATE (A) AND WITH COOKED CASSAVA
FLOUR MEAL (C)
Time Plasma Glucose M.Mol/L (+5.D.)
h A C
0 4.65+0.14 4.43+0.22
0.5 4.42+0_14 4.64+0.21
1 4.24+0.14 4.79+0.24
2 4.08+0.10 4.54+0.25
a 5:.95¢0.,12 4.36+0.25
& 4.01+0.09 4.22+0.20
8 4.03+0,05 4,23+0.21

Table 11b:

MEAN (+5.D) PLASMA GLUCOSE CONCENTRATIONS

IN & DIABETIC PATIENTS GIVEN COOKED CASS5AVA
FLOUR (N) AND FOLLOWING ORAL ADMINISTRATION OF
250MG CHLORPROFPAMIDE TABLET 30 MIN. BEFORE (A)
AND WITH THE MEAL (C)

Time Flasma Glucose M.Mol/L (+5.D.)
h N A C

0 17.34+42.07 17.12+2.08 17.09+2.02
0.5 23.51+2.97 17.3840.98 19.25+1.83

1 25.13+2.29 18.74+1.79 20.95+2.77

2 25.54+42.94 19.05+1.83 21.14+3.38

4 23.01+3.74 19.10+3.50 19.44+3.34

6 19.8843.23 16.78+1.82 17.38+2.04

8 17.7841 .55 16.12+41.63 16.02+1.42

5'

D. = Standard Deviation
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1446

The mean postprandial glucose levels were significantly
lowered when drug was administered 3I0min. before meal
{PL0. 03 - P{0,001) and when the drug was concomitantly
administered with meal (P<0.02 - P<O.Q01) than the glucose
levels when meal alone was ingested. However, the
postprandial plasma glucpse levels were comparatively
lowered when the drug was administered 3I0min. before meal
than the levels when the drug was concomitantly administered

with meal (0.5h, P<C.017; 1h, P<D.021 and 2h P<0.03).

{.56 Cocked Yam Flour Meal (D) Chlorpropamide Interactions

Studies In Healthy Volunteers And Diabetic Patients:

Following oral administration of a single 250mg
chlorpropamide tablet to healthy and patient volunteers as
gescribed under fhe materials and methods, the mean Cmax
ranged from Z2B.81+41.8%7 to JQ.76+42.37 meca/ml and  the mean
tmax ranged from 1.60+0.54 to 4.80+1.09h. The mean t1/2 =x
ranged from 0.264+0.,21 to 0.8B7+0.34h and t1/2 B ranged from
35.71+46.43 to 40.43+4,.40h. The mean pharmacokinetic
parameters obtained for healthy volunteers and diabetic

patients are showin in Table 12a and 12b respectively.
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Table 12a: MEAN (+5.D.) PHARMACOKINETIC PARAMETERS DERIVED
FROM PLASMA IN 5 HEALTHY VOLUNTEERS FOLLOWING
ORAL ADMINISTRATION OF 250MG CHLORPROPAMIDE TABLET
IN FASTING STATE (A) AND WITH COOKED YAM FLOUR
MEAL (D)

Faired sample

Mean Parameter

T-Test

+ 8. Da A D Results
Lag Time (h) 0.23+40.10 0.334+0.15 P<0.009
Absorption half-

life. t1/2 » (h) 0.87+0.34 0,.2640,21 P<0.01
Absorption rate

cnn?tant. ka

(h™ %) 0.88+0.38 8.57+5.98 P<0.04
Maximum concen-—

tration. Cmax

mcg/ml 29.29+2.16 28.31%1.57 P<0.58
Time to peak

concentration

tmax (h) 4.80+1.09 1.6040,.54 P<0.001
Area Under the

Curve (AUC)

AUCo—168h

{mcg/h/ml) 1814 .83+123.58 1637.31+272.98 P<0.09
AUCo—o0D

{mcg/h/ml) 1911.19+131.34 1730.8B4+311.60 P<0.10
Relative bio-

availability. FR ©0.75+0.05 0.68+0,12 P<0.10

Vd (L) 7.634+0.79 7.44+0 29 P<0.&67
Clearance

CL (L/h) 0.13+0.008 0.15+0.02 FP<0.07
Elimination half

life. t1/2 B (h) 40.43+4.40 35.71+6.43 P<0.16
Elimination rate

conitant. ke

(h™ %) 0.017+0.002 0.019+0.003 P<0.S0

S. D.

= Standard Deviation
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MEAN (+8S.D.) PHARMACOKINETIC PARAMETERS DERIVED

FROM FLASMA IN & DIABETIC PATIENTS FOLLDOWING DRAL
ADMINISTRATION OF 250MG CHLORPROPAMIDE TABLET

SOMIN,
MEAL (D)

BEFDRE (A) AMD WITH COOKED YAM FLOUR

Mean Parameter

Faired Sample
T-Test

+ 85, D (4 D Results

Lag Time {(h)} 0.22+0.13 0.37+0.29 P<O.33
Absorption half-

1ifte. t1/2 % (h} 0.4340.43 G.77+1.1% P<0 .35
Absorption rate

cnnﬁtant. ka

(th™) 3.12+42.70Q 1.8241.70 F<Q,26
Maximum concen—

tration. Cmax

mcg/ml J0.76%2.37 30.49+2.93 P<0.87
Time to peak

concentration

tmax (h} 3.1641.83 J.6642,.33 F<Q,.4%
Area Under the

Curve (ALC)

AUCDO-1458h

{mcg/h/ml) 1795.564290.63 1831.04+4293.95 P77
AUCo—oo

(mcg/h/ml) 1894.40+323.284 1901.20+304, 40 PLO.956
Relative bio-~-

availability. FR 0.646+0.11 0_&6+0.10 P<0.89

vd (L) 7.35+41.14 7.25+1 .39 P<0Q.84
Clearance

CL {(L/h) O 1340, 02 0.14+0_02 F<O.949
Elimination hal¥

life. {172 R (h) 38.5449.043 38.15+8.84 P<LO.91

Elimination rate
cnn?tant. ke
{th ™)

0.017+0.003

0. 01840002

pP<0.18

S'

D.

Standard Deviatio

Ty
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In hesalthy volunteers, concomitant administration of
chlorpropamide with meal significantly increased the
lagtime, reduced the t1/2 x and decreassd tmax when compared
with the values of the corresponding parameters derived in
fasting state. In the case of the patients, concomitant
administration of drug with meal did not significantly
affect any of the chlorpropamide pharmacokinetic parameters
when compared with the data obtained in  fasting state

(P>0.05}).

The mean pharmacockinetic parameter obtained for meal in
healthy and patient volunteers are compared in Table 12c.
Following oral administration of chlorpropamide
concomitantly with meal toc healthy and patient volunteers,
all the derived pharmacokinetic parameters (except the
absorption rate constant, ka) were similar. Meal
concurrently administered with chlorpropamide reduced ka in

patient compared with healthy subjects (FP<0.05).

The mean plasma chlorprepamide concentrations are shown
in Table 13a, Figure 24a amd in Table 13h, Figure 2Z4b for
healthy and patient volunteers respectively. In healthy
subjects, significantly higher chlorpropamide levels were
cbserved for 1h when the drug was concomitantly administered
with meal to healthy subjiects relative to when the drug was

administered in fTasting state (0.5h. PL0O,.0G2 and 1h,
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Table 12c:
iN

MEAN (+5.D.} PHARMACOKINETILC PARAMETERS DBTAINED
HEAL THY VDLUNTEERS AND DIARETIC PATIENTS

FOLLOWING ORAL ADMINISTRATION OF 250M6
CHLORPROPAMIDE TAELET WITH COOKED YAM

FLOUR MERL (D)

Independent
Mean Parameter Healthy Diabetic sample T-Test
+ 5. D. VYolunteers Patients Results
Lag Time {(h} 0. 334013 0,37+0.29 P<O.73
Abzorption half-
life.t1/2 » {(h) 0, 260,21 0. 774115 P<Q. 37
Ahsorption rate
constant. ka
(h 1y 8.57+5.98  1.82+1.70 P<0.05
Maximum concen-—
tration. Cmax
mcg/ml 28.51+1 .57 30.89+2.93 FP<0.39
Time to peak
concentration
tmax (h) 1.60+0_54 F.6612.33 P{0.13
Area lUnder the
Eurve (AUL)}
AlICo-1568h
{mcgsh/ml) 1637.00+272.98 1831.534+293.7% FP£0.4%5
AUCL—oOo
{mcg/h/ml} 1730.84+311 .60 1901.201304.,40 PO, a5
Relative hio—
availability., FR 0.56840.12 0.66+0.10 P<Q.&64
vd (L) 7. 44840 29 7.25+1 .39 F<0.98
Clearance
CL {L7h) CL15+0,02 0.14+0_02 PO, 54
Elimination half
Iife. ti/2 B (h) 3I8.71+6.83 38.15+8.846 P<0.&63
Elimination rate
constant. ke
th™1 0.019+0.003  ©.018+0.002  P<0.35

D- =

Standard Deviation
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Table 13a: MEAN (+5.D.) PLASMA CONCENTRATIONS IN 5 HEALTHY
VOLUNTEERS FOLLOWING ORAL ADMINISTRATION OF 250MG
CHLORPROFPAMIDE TABLET IN FASTING STATE (A) AND
WITH COOKED YAM FLOUR MEAL (D)

Time (h) Concentration (mcg/ml) +5.D.
4 D
0.5 6£.18+1.83 20.10+46.74
1 15.02+3.29 27.54+2.41
2 23.88+3.50 28.18+1.59
“ 28.74+2.73 27.30+1 .68
& 29.10+42 .30 26.23+1.75
a 28.42+2.10 25.232+1.84
12 26.66+1.80 23.32+2.00
36 17 .62+1.21 14 .59+2.44
48 14.33+1.16 11.56+2.41
72 9.48+1.10 7.2942.12
144 2.77+0.66 1.89+1.00
168 1.84+0.51 1.22+0.72

D. = Standard Deviation
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Table 13b: MEAN (+5.D.) PLASMA CONCENTRATIONS IN &6 DIABETIC
PATIENTS FOLLOWING ORAL ADMINISTRATION OF 250MG
CHLORPROPAMIDE TABLET 30 MIN BEFORE (A) AND
WITH COOKED YAM FLOUR MEAL (D)

Time (h) Concentration (mcg/ml) +5.D.
A D

0.5 18.54+6.29 16.61+3.55
1 26.44+4 .91 23.18+4.52

2 29.22+3.17 27 .50+4 .06

4 29.89+2.80 29.22+2.73

b 29.17+2.85 29.15+2.87

8 28.20+2.81 28.79+3.38

24 20.95+2.54 22.84+4 .29
48 13.48+2.66 15.02+3.88

72 8.7442 .52 ?.67+3.04
144 2.50+1.41 3.54+2.91
168 1.67+1.09 1.81+0.98

S. b, =

Standard Deviation
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P<O.003). In the case of patients, there was no significant
difference in chlorpropamide levels when the drug was
administered 3I0min. before meal compared to concomitant

administration of drug and meal.

The results of the effects of each mode of treatment on
the plasma glucose levels are shown in Table 14a,., Figure 25a
and in Table 14b, Figure 25b for healthy and patient
volunteers respectively. Following oral administration of
chlorpropamide to healthy subjects i1n fasting state or
concomitantly with meal, the plasma glucose levels decreased
in each case and fell below the preprandial values. No
significant difference was observed when the drug was
administered in the fasting state compared with concomitant
administration of the drug and meal. In the case of the
patients., the plasma glucecse levels increased for the three
treatments reaching a maximum in 2h in each case. However ,
the glucose levels fell below the preprandial levels in the
6th  h in the two cases where drug was taken. In contrast,
the plasma glucose level had not fully returned to the
preprandial value in the 8th h when meal alone was taken.
The respective mean postprandial plasma glucose values were
significantly lowered at each point when the drug was
administered 30min before meal (P<0.001 - P<0.0002) and when
the drug was administered concomitantly with meal (P<0.007 -

P<O.0002) as compared to the ingestion of the meal
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MEAN (+5.D) FPLASMA SLUCOSE CONCENTRATIONS

IN 5 HEALTHY VOLUNTEERS FOLLOWING ORAL
ADMINISTRATION OF 250MG CHLORPROFPAMIDE TABLET
IN FASTING STATE (A) AND WITH COOKED YAM

FLOUR MEAL (D)
Time Flasma Glucose M.Mol/L (+5.D.)
h ) D
0 4.62+0.06 4.72+0.08
0.5 4.5940.06 4.44+0,07
1 4.38+40.13 4.24+0.04
2 4.253+0.23 4.11+0.15
4 3.98+0.17 4.08+0.40
& 3.85+0.21 3.97+0.38
a8 3.6440.16 3.89+0.34
Table 14b: MEAN (+5.D) PLASMA GLUCOSE CONCENTRATIONS
IN & DIABETIC PATIENTS GIVEN COOKED YAM
FLOUR (0) AND FOLLOWING ORAL ADMINISTRATION OF
250MG CHLORPROPAMIDE TABLET 30 MIN. BEFORE (A)
AND WITH THE MEAL (D)
Time Plasma Glucose M.Mol/L (+S.D.)
h 0 £ D
0 15.25+1.98 15.08+2.08 15.36+1.8646
0.5 17.45+2.63 14.57+2.27 15.93+2.28
1 20.1942.69 15.80+42.89 18.28+3.09
2 22.31+2.32 16.93+2.65 18.47+43.21
4 21.1842.76 16.134+2.63 16.8642.27
6 17.89+1.76 14.49+42.43 14.77+1.82
8 16.18+41.48 13.53+2.16 14.11+1.97
S. D. = Standard Deviation
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alone. The values were even lowered at 0.05h and 1h  (PLCG.02
at epach sampling point) when the drug was taken 30min.
before meal compared with when taken concomitantly with the

meal.

4.7 Effects of Cooked Maize (R}, Cassava (C) and Yam (D)

Flour Meals On Chlorpropamide Pharmacpkinetic Parameters

Following oral! adminisgtration of a =ingle 250mg
chlorpropamide tablet to healthy subjects concomitantly with
different meals (B, C and D), the t1/2x, ka, Cmax and tmax
were significantly affected. The AUC walues, relative
bipavailability (FR), vn]ume.nf distribution (Vd} and the
parameters of elimination calctulated were not significantly
affected. The different pharmacokinetic parameters are shown
in Table 13 and the plasma concentration time data are
graphically represented in Figure 26. BStatistically signif-
icant differences observed in £1/2 » and Cmax were between
meals B versus C and meals € versus D. However, for ka., the
statistical significant difference was between meals R
versus D and meals € versus D, The statistical significant
difference in tmax was among the three treatments compared.
That 1is, drug titreatment with meals B versus C, meals B
versus D and meals C versus D. In the case of diabetic
patients. ingestion of meals B, C or D alone resulted in

gignificant differences in the O,53h and 11h postprandial
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Table 15:  NEAN (+5.D.) PHARMACOKINETIC PARAMETERS OBTAINED
IN 5 HEALTRY YDLUNTEERS FOLLOWING ORAL ADNINISTRATIEN
BF 230M6 CHLORPROPARIDE TABLEY WiTH  CDDKED MARIE (B)
LASSAVA (C) AND YAM (D) FLOUS MEALS

ANOVA
Pean Paraseter (hmong  LSD
+ 5, D 8 £ H treatsents Valye
Lag Tiee {h) 0.5340.05  0.5040.15  0.3340.13 N A

Ahsorption half-

life, t1/2 x {h} 1.63+1.18 4,2342,57 G, 2640, Pco, 0t 2.23
Absorption rate

constant. ka

fh’]! 0.5360.23  0.2440.19 8.3745.94 46,00 4.47
Naxisum toncen-

tration. Cwax

scg/nl 25.6840,38  J1.08¢Z.10 28504057 P0G 2.0
Tise to prak

concentration

taax th) b 404167 11,20¢1.78 1.60¢0.54 P0G 1.99
firea Under the

Curve [AYUC)

MiLo-148h

(acg/hial} 1399,32¢378.02 1907.33¢281.43 1637.00+272.99 M8 Mh

Mo-o0

{ncg/h/el} 3. 726420.2%  2032.84+291.30 1730.84+3)1.60 NS NA

Relative hio-

avaifability, FR 0.5B40.14 0. 800,11 0,4840,12 NS NA

V4 (L) 7.53+0.80 5.7942.15 1.4040,. 09 . I )
Clearance

£L {L7b) 0.1840.06 0.13¢0,02 0.15¢0,02 "

Elinipation half

life, t1/2 B (h) 31.4448.49 33.67+13.86  3JE.71%h.43 N N

Etiaination rate

constant. ke

thY) 0,0240.008  0.0260.011  D0.019%0.003 M3 W

5.0.= Standard Deviation

ANDVA = Apalysis of Variancwe for Cosplete Cross—over design
L,5.0. = Least Sguare Difference

NS = Mot signifivant At 957 Confidence Level {P}0.051

MA = Mot applicable
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plasma glucose levels. The corresponding plasma oglucose
levels are shown in Table 14 and graphically represented in
Figure 27. Statistically significant differences observed

at the 2 sampling points were between meals C and D.

Following oral administration of a single 250mg
chlorpropamide tablet 30min. before meals, B, € or D, the
differences in the derived pharmacokinetics of the drug did
not reach level! of significance in diabeltic patients. The
mean pharmacokingetic parameters are shown in Table 17a  and
the plasma concentration—time curves are shown in Figure
Z8a. The plasma glucose levels were also not significantly
affected by the meal at any sampling point (Tablie 17b,
Figure 2B8b). Concomitant administration of 250mg
chlorpropamide tablet with different meals B, €, and D
resulted in similar pharmacokinetic parameters. However, the
tmax was signicantly affected by the meals. The mean
pharmacokinetic parameters are shown in Table 1Ba and the
plasma concentration—time data are graphically represented
in Figure 2%a. The statistically significant difference
cbhserved in tmax was between meals C and D. No significant
difference was detected in the plasma glucose levels for

patients at any sampling peint (Table 18b and Figure 29b).
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Table 16: MEAN (+5.1) PLASHA GLUCDSE
CONCENTRATION IN & DIARETIC PATIENTS FOLLORING
INGESTIDN OF CBOXED MAIZE (W) CASSAVA (W)
AND YAM (0) FLOUR HNEALS
Time Flasma Glucose M.Mol/L {+45.D.) ANOVA
h n N 0 {Among LSD
treatasent Value
0 17.8813.23 17.3742.07 13.25+1.98 NS N4
0.5 21.25+9.09 23.31+2.97 17.88+2.85 P<D.05 4,04
1 22.37+4.09 25.13%2.29 20.19+2.69 P<0.03 3.35
2 22.94+3.87 25.5442.99  22.,246+2.37 NS &
4 £1.10+3.48 23.01+3.74 21.18+2.78 NS Ny
4 18.87+4.28 19.88+43.23 17.8%+1.76 NS N&
B8 18.48+3.00 17.,78+41.,55% 14.18+1.48 NS5 NA
5. . = Standard Deviation
ANDVA = Analysis OFf Variance For Complete Cross—Over Design
N.S5. = Not Significant At 95% Confidence Level (FP>0.0%)
N.A. = Hot Applicable
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Table 17a: MEAN {+5.D) PHARMACOKIMETIC PARAMETERS
ORTAINED IN &6 DIARETIC PATIENTS FDLLOWING ORAL
ADNINISTRATION OF 250MG CHLORPROPAMIDE TARLET
FOLLWED 3OMIN. L ATER WITH CBOXKED MARIZE (R)
CASSAVA (C) AMD YAN (D) FLOUR NEALS

Mean Parameter ANGYVA

+ 8. D B C D {Among
Treatsents)

Lag Time {(h) D.2840.13 0.23+0.13 0.22+0.13 NS

Ahsorption half-

life. t1/2 x (h) 0.81+0.63 0,.33+0.07 0.43+0.43 NS

Absorption rate

con?tant. ka

th™) 1.2640.72 2.12+0.484 3.12+2.70 NS

Haxisum concen-—

tration. Cmax

ncg/al 31.0613.73 32.58+2.95 30.7642.37 NS

Time to peak

concentration

tmax (h} §.33+2.33 2.14+0.98 3.1641.83 NS

Area Under the

Curve (AUC)

AUCo-148h

{mcg/h/ml} 1744 55439571
AllCo-oo

1768.09:316.34

1795.54+290.65 NS

(mcg/h/nl} 1812.28+423.%31 1B44.324340.30 1894.40+323.24 NS
Relative bio-

availability. FR 0.83+¢0.1%5 G.644+0.12 0.56640_11 N3
vd (L) 6.85+0.77 G.6740.61 Z.3941.14 NS
Clearance

Cl. (L/h) 0.1440.03 0.1440.02 0.1340.02 NS
Elimination half

life. 11/2 B (h) 33.94+4.89 33.99+5. 46 38.54+7.04 NS
Elimination rate

constant. ke

(h_l} 0.02+0.001 0.02+0.003 0.01740.003 NS
S. b. = Standard Deviation

ANDVA = Analysis 8F Variance For Complete Eross-Dver Design
N.5. = HWnt Significant At 95%% Confidence Level (F>0.05).
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Table 17b: MEAN (+5.D) PLASHNA GLUCOSE

CONCENTRATION IN 6 DIABETIC PATIENTS FOLLOWING
ORAL ADMINISTRATION OF 250MG CHLORFROPAMIDE TABLETY
FOLLOWED 3OMIN. LATER WITH COOKED MAIZE (M)
CASSAVA (N) AND YAM (0) FLOUR MEALS

Time Plasma Glucose M.Mol/L (+5.D.) ANOYA
h M N 0 {Among
treatment
0 17.7243.59 17.1242.08 15.08+2.08 NS
0.5 18.66+4.31 17.38+0.98 14.91+2.64 NS
1 19.6144 .16 18.74+1.79  15.80+2.89 NS
2 19.88+4.87 19.0541.83  16.93+2.65 NS
4 17.39+4.31 19.1043.50 16.1342.463 NS
6 16.31+4 43 16.78+1.82 14.49+2.43 NS
8 15.55+4.44 16.12+1.63  13.53+2.16 NS
S. D. = Standard Deviation
ANOYA = Analysis Of Variance For Complete Cross-Over Design
N. S. = Not Significant At 95% Confidence Level (P>0.05).
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Table 18a: HEAN (+5.D) PHARMACOKINETIC PARAMETERS
BRTAINED IN & DIABETIC PATIEMTS FOLLONING ORAL
ADNINISTRATION OF Z50WMG CHLORFPROPAMDE TABLET
WITH CODKED MAIZE (R} CASSAVA (L) AND YAM {D)
FLOUR RMEALS

ANGVA
Mean Paraseter (Amppg  LSD
+ 8. D. R C D treatments) Value
Lag Time (h) 0.346+0.12 O_27+0.10 0.37+0.29 NS NA
Absorption half-
life. t1/2 x (h} 1.12+40.38 1.50+0.53 0.7741 .15 NS NA

Absarption rate

constant, ka

(h‘l} 0.7540.35 0.53+0.23 1.82+41.70 NS NA
Maximus concen-—

tration. Cmax

ncg/ml J31.3343.33 33.04641.72 30.4942.93 WA A
Tise to peak

concentration

tmax {h) S.64+1.50 7.33+1.03 3.6842.33 P<0.01 2.10
Area tinder the

Curve (AUC)

AUCo-148h

{acg/h/al) 1758.984447.49 2177.31+4349,17 1831,54+2935.9% N§ W
AUCo-op

imcg/h/el) 1831.2484512.79 227%.294338.41 1901.20+304.40 NS Na
Relative bio-

availability. FR 0.463+0.15 0.7940.13 0.45640,10 WS WA
Vd (L) 5.6740. 66  4.47+0.64 7.2546+1,.39 NS )
Clearance

Ci (L/h} 0.14+0.03  ©.1140.02 0.14+0.02 NS MA
Elimination half¥

life. t1/2 R (h) 33.7949.25 40.40+5.53 38.15+8.86 NS MNA
Elimination rate .

constant. ke

(bl 0.0240.008 0.017+0.002  0.018+0.002 NS NA

5. D. = Standard Deviation

ANOYA = Analysis of Yariance For Cosplete Cross-Over Design
NS, = WNpl Bigrificant At 99% Confidence Level

N.A. = HNot Applicable

L.5, = |Least Square Difference
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Table 18b: MEAN (+5.0)} PLASMNA GLUCOSE
CONCENTRATIONS IN & DIABETIC PATIENTS FOLLOWING
ORAL ADMINISTRATION OF 250MG CHLORFROPAMIDE TARLET
WITH COOKED HMAIZE (R} CASSAVA (C) AND YAM (D)
FLOUR MEALS

Time Flasma Glucose M.Mol/L {(+#5.1.) ANOVA
{h) {Among
B c b treatments)

9 17.9143.64 17.0942.02  15.346+1.83 NS
0.5 19.29+44.24 19.25+1.83 14.30+42.47 NS

1 20,574,046 20.95+2.77 18.28+3.09 NS

2 20.84+4.%94 21.14+3.88 1B.47+3.21 NS

4 18.58+4.92  19.4843.34  14.4642.27 NS

& 17.02+4.464 17.38+2.08  14.77+1.82 NS

8 16.1845.046 16.02¢1.42 14.11%1.97 NS

S. b. = Standard Deviation
ANDVA = Analysis OF Variance For Cosplete Cross-Dver Design
N.S. = HNot Significant At $5% Confidence lLevel (P>0.03).
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Tables 19a, b and c show the hypoglycaemic responses to
chlorpropamide 1in both healthy volunteers and diabetic
patients following the administration of the drug in fasting
state and with cooked maize, cassava and yam flour meals
respectively. Comparison of these responses with plasma
chlorpropamide levels in healthy volunteers shows that there
was a relationship between the hypoglycaemic responses and
plasma chlorpropamide levels attained after administration
of the drug. Chlorpropamide administered in fasting state
gave a mean correlation, r = 0.87+ 0,10 (range 0.75 - 0.94)
while administration of chlorpropamide concomitantly with a
meal gave a mean correlation, r = 0,76 + 0,18 (range 0.55 -
0.91). However in the case of patients, there was no simple
direct relationship between the plasma chlorpropamide levels
and the hypoglycaemic responses. Chlorpropamide
administered in fasting state gave a mean correlation, r =
0.27 + 0.06 (range 0.32 - 0.44) while the concomitant
administration of the drug with a meal gave a correlation, r

= 0.41 + 0.25) (range 0.12 - 0.,56).

4.8 L Var xcretion of Chlorpropamide:

Figure 30a shows the calibration curve obtained in
saliva for chlorpropamide. Following oral administration of
a single 250mg chlorpropamide tablet to healthy subjects in

fasting state, plasma Cmax ranged from 26.09 to
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Table i%a: MEAN HYPOGLYCAEWIL RESPONSES IN HEALTHY VOLUMTEERS

AMD DIABETIC PATIENYS FOLLOWING DRAL ADMINISTRATION
OF 250 NG CHLORPROPAMIDE TABLET IN FASTING STRTE (A)
AND WITH COOXKED MAIZE FLOUR MEAL (B}

Hypoglycaemic Responses

Tiae Mean Percentage (%) Change In Basal Glucose
{h} Healtihy Yolunteers DPiabetic Fatients
A R A R
0.3 q.28 1.05 5.30 _ 7.70
i 7.71 4.25 10.44 13.8%
2 11.78 1¢.42 12.18 14,35
4 16.06 14.17 1.87 3.74
é 14.14 15.00 8.02 4.97
8 11.35 15.42 12.25 .66

Table 19b: MEAN HYFDGLYCAEMIC RESPONSES IN HEALTHY VDLUNTEERS

AND DIABETIC PATIENTS FOLLOWING ORAL ADNINISTRATION
OF 2%0 M6 CHLORPROPAMIDE TARLET IN FASTING STATE ({A)
AND WITH COOKED CASSAVA FLOUR MEAL {(C)

Hypoglycaemic Responses

Time Mean Percentage (%) Change In Rasal Glucose
(h) Healthy VYolunteers Diabetic Patienis

-] c A ¥
0.5 4.93 4.5¢ 1.5%1 12.563
| i 8.82 7.88 .46 12.58
2 12.26 2.2% 1¥.27 23.69
q 15.04 1.81 11.%56 13.75
5 13.77 4.96 1.99 1.69
-] 13.34 4.73 53.85 6.27
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Table 19c: MEAN HYPOGLYCAEMIC RESPONSES IN HEALTHY VOLUNTEERS
AND DIARETIC PATIENTS FOLLOWING ORAL ADMINISTRATION
OF 250 MG CHLORPROFPAMIDE TABLET IN FASTING STATE (A)
AND WITH COOKED YAM FLOUR MEAL (D)

Hypoglycaemic Responses

Time Mean Percentage (%) Change In Basal Glucose
{h) Healthy VYolunteers Diabetic Patients

A D A D
0.5 0.65 5.99 3.39 3.71
: | 5.20 10.17 4.77 19.01
2 8.23 12.93 12.256 20.24
g 13.85 13.56 6.96 7.16
& 16.67 15.89 3.92 3.85

8 21.22 17.59 10.28 8.14
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F3.06+2 . 7imcgs/ml (mean, 3JI0.0642.71lmcg/ml). The salivary
Cma» ranged from 1.25-2.04 mcg/ml {(mean, 1.46+40.30mcg/mid.
The plasma tmax ranged from 2-6h {(mean, 4.23+1.30h} and the
salivary tmax» ranged from 4-46h (mean. 4.&686+1.30h). The mean
pharmacokinetic parameters obtained for chlorpropamide in
plasma and saliva are shown in Table 20. The derived placsma
pharmacckinetics., except ti/2x, ka and tmax differed signif-
icantly from those of saliva. The mean plasma and saliva
chlorpropamide concentration data are shown in Table Z1I  and
are graphically represented in Figure 3J0b. Consistently
higher levels aof chlorpropamide in plasma relative to those
in saliva were observed. The saliva and plasma (S/F) ratio
ranged from 0.009 — 0,03 (mean, 0.03+0.01%). There was a
correlation {(vr) of 0.93 between the plasma and saliva levelsg

of chiorpropamide after a single oral dose in fasting state.
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Table 20: NEAN (£5.D.) PHARMACOKINETIC PARAMETERS DERIVED
FROM FLASMA AND SALIVA IN & HEALTHY VOLUNTEERS
FOLE DWING OR&L ADMINISTRATICN OF 230MGC CHLORPROPANIDE
TABLET IN FASTING STATE

Riovlogical Fluid Paired sample
Hean FParaseter T-Test
+S. D Plasma ' Saliva Resultis
Lag Time {h)} 0.2740.05 0.19+0.08 P<0.01
Absorption half-
life. t1/2 x {h) 0.67+0.29 1.0740.35 P<0.0B
Absorption rate
constant. ka
(v 1y 1.1440.53 0.7140.29 P£0.16
Maxisum concen-
tration. Cmax
acg/ml 30.0442.71 1.4464+0.31 P<0.00
Tine to peak
concentration
imax () 4 33+1.50 4.5646+41.03 P<D.4A%
Elimsination half
life. t1/2 B (h) 42.39+#4.51 21.44+45%.37 P£0.0003
Elimination rate
constant. ke
(h_1} 0.0240.001 C.03+0_01 F<0.017
Clearance
CL (L/M 0.13+0,02 q.76+.001 P£0.0002
vd {L) : 7.664+0.469 1%4.88+76.02 P<H.005
Area Under the
Curve (AUC)
AUCo~-148h
(acg/h/ml} 1892.49+227 .09 23.43+12.41 P<0.00
AUCo-pa

(mcg/h/ml) 2006.463+271.99  54.17+12.54 £<0.00

S. . = Standard Deviation
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Table 21: MEAN (+#5.D.) SIMULTANEOUS PLASHMA AND SALIVA
CONCENTRATIONS IN & HEALTHY VOLUNTEERS FOLLOWING
ORAL ADMINISTRATION OF 250MG CHLORPROPAMIDE TABLET
IN FASTING STATE
Time (h) Concentration (mscg/ml) 45.D.
Flasma Saliva
0.5 B.20+6.69 0.3140.09
1 17.62+6.25 0.67+0.08
2 26.0743.85 1.07+40.09
Bl 30.06+2.71 1.46+0.30
é 29.53+2.44 1.36+0.23
8 28.77+¢2.38 1.1940.23
12 26.89+2.19 0.96+0.28
36 18.13+1.66 0.47+0.09%
48 14.90+1.54 0.29+0.07
72 10.05+1.36 0.13+0.05
144 3.12+0.80 0.03+0.02
1468 2.11+0.63 0.002+0.002
S. D. = Standard Deviation
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CHAPTER F1IVE

D LUSSIONS
S.1 Quality Control of Chlorpropamide Tablets:

The melting point of the recrystallized tablet product
which was 142.5"C is close to the B.P. value of 143°C. The
ammoniacal odour produced by the filtrate of the
recrystallized product, and the white precipitate produced
by the filtrate on adding NaOH are in agreement with the
B.P. (1988) specifications. The 232nm absorption maximum
exhibited by the solution of the sample also agreed with the
B.F. (1988) specification. Thus, the tablets complied with
the identification tesits described for chlorprgpamide in the
B.F. {1988). The percentage of the active ingredient in the
tablets (98.48%) and in the standard powder {(100.35%) indi-
cated that the batch of chlorpropamide tablets and the
standard powder used in this study complied with the offi-
cial B.P. (198B) specification of drug content (?2.59 -~
107,334, The average amount of the active ingredients in
splution (YB.97+6.23%) indicated that the batch of chlorpro-
pamide tablets used in this study meeis the official B.P.
{1988} requirement for dissolution rate test {not less than

704 in 45 minutes).
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9.2 DPrug Levels Analysiss

Dichloromethane was used as the extraction solvent
because other media when tried either extracted
chlorpropamide or tolbutamide badly and yvielded interfering
peaks from their residue or gave lower percentage recovery
compared with dichloromethane. Plasma and saliva, acidified
with HC1l and extracted with dichloromethane, however
abolished these problems {Figures 18a and 18b). Although it
seems a5 if there was no linear effect of varving the ratioc
of the spolvent system on the resoclution factor (R) of
chlorpropamide and tolbutamide, it can be inferred that
increase in the amount of methanol (Figure 17a} decreased R
whereas increase in the amount of acetic acid increased R
(Figure 17b). Considering the peak height produced for
chlorpropamide and tolbutamide with the different ratios,
460% methanpl and 490% acetic acid (0¢.2%) at a pH of 6.3 to
£.7 (Figure 17c} was considered to be optimal. The method
involved a less cumbersome extraction procedure than those
previously reported {Hill and Crechiolo, 1978. Wahlin-Roll
and Melander, 1979 and Hartvig et al., 1980). The retention
time (tR) of chlorpropamide and tolbutamide (B and 11  min
respectively), the single extraction step using a small
voalume of plasma (0.5ml1) with about 1Gmin total analytical
time per sample are appropriate for a routine assay proce—

dure. The assay method 1is reliable and reproducible
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with a coefficient af variation {(CY) pf <7%, for both day-

to-day and within-day assav.

9.3 Food Samples Analysis:

The three types of meals (B, € and D)} contained high
carbhohvdrate but their energy wvalues differ due to the

different phvysico—chemical properties of the meals.

9.4 Cooked Maize Flour Meal (B) Chlorpropamide Interactions

Studies In Healthy Volunteers 6nd Disbetic Fatientss

The non-significant differences observed in
chloprpropamide pharmacokinetic parameters when the drug was
administered in fasting state and with meal are in agreement
with the results chtained following concomitant
administration of chlorpropamide with a meal in bealthy

subiects (Sartor gt 81., 1980b) and of glibenclamide with a

meal in diabetic patients (Bartpr et al.. 1980a). Lack of
effect of food on sulfaisodimidine pharmacokinetics in
adults was reported by Melander et__al. (19277) and on
amoxyecillin pharmacckineties by Eshelman and Spyker (1978).
Lag time and VYd were reduced whilst Cmax was intreased in
patients relative to that of healthy volunteers. Arrigoni

et al. ((1987) reported significant differences in the
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pharmacokinetics of chlorpropamide for healthy and patient
volunteers with a higher ¥d for patients which is not in
agreement with the finding of this study. However they
envisaged that, there could be error in their values of VYd
and t1/2 H due tc 24 £ sampling time used. AN increase in
vd could indicate an increase in free fraction of

chlorpropamide.

In heal thy subjects. the plasma levels of
chlorpropamide were higber when the drug was administered in
fasting state compared with when it was taken concomitantly
with meal. 1In agreement with this finding, little increase
in chlorpropamide absorption had been reported in healthy
subjects when the drug was administered with food {(Sartor et
al., 1980h). In contrast, no difference was pbserved in
tolbutamide absorption with food (Bartor et a&al., 1980Cb;
Samanta et_al., 1984). In the trase of patients, chlorpropa-
mide absorption was significantly delayed for 2h when the
drug was administered concomitantly with meal compared with
when it was taken I0min before the meal. However, the
postprandial glucose levels were significantly lowered at
each sampling point onder the latter compared with the
former condition. Wahlin-Boll et _al. {1980) reported a
similayr delay in absorption when glipizide was administered
concomitantly with food and, the glucose values when the

drug was taken 30min before food were significantly
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lowered in diabetic patients. In additiaen, Sartor et al.
{1982 and Jéng et _al. (1986) obtained similar results for

glibhenclamide in diabetic patients. Dalay in darug
absorption following concomitant administration of drug with
meal presumably reflects the meal-induced delay in gastric
emptyving. The presence of meal in the stomach changed
gastric motility to a typical postpranial pattern, during
whith gastric secretion and residenhce time are increased
{Winstanley and 0Orme, 1989). According to Sartor et  al.
{1978), the ipncreased postprandial plasma glucose levels
obtained in the patients when the drug was administered
30min before meal may be due to a stronger action of the
drug on insulin release aor a more optimal timing between
induction of insulin release and the blood glucose increment

evoked hy the meal.

5.5 Cogked Cassava Flour Meal (C} Chiorpropamide

Interactions Studies 1In Healthy Volunteers And Diabetirc

Patients:

Following concomitant administration of & single 25%0mg
chlorpropamide tablet with meal te healthy and diabetic
subjects, the lag time, tmax and £1/2x significantly
increased whilst the ka was reduced compared with when the
drug was administered in fasting state. Several factors

rould explain the observed significant alteration in  the
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parameters. The presence of the meal in the stomach might
have acted asg a phvysical barrier between the intestinal
mucosa and lumina contents and thus reduced the rate of drug
absorption {(Jaffe et _al., 1271). Alsp, in view of the
greater efficiency aof drug absorption from the =mall
intestine, any factor which increases the residence time of
a drug in the stomach will in general, reduce the absorption
rate of the druo and t1/2x% will be increased. Gastric
emptying is reduced by high bulk diet while administration
of drug in fasting state with large volume of fluid may
resialt in a shortened residence time of the drug resulting

in a more rapid rate of absorption (Sampson, 1987).

A more realistic view., which has been expressed
gpenerally is that "dietary effects on drug absorption are
quite wvariable and frequently depend on the components of
the meal and the physico—chemical properties of the drug
{Jaffe gt _al., 1971; Toothaker and Welling, 1980; Rogers and

€Chir. 1982 and Winstanley and Orme, 1989).

Concomitant administration of chlorpropamide with meal
{ic} reduced the wmean AUCo ~oo in healthy subjects and
increased the AUCo—oco in patients as compared to the
administration of the drug in the fasting state. The
difference in the AUC can be explained by considering the

fact that, tmax 1is dependent on ka while ALIC is
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proportional to the amount or extent of drug absorption.
The greater the tcotal amount of drug absorbed, the greater
is the bivavailability (Abdel-Monem and Henkel, 1978).
Absorption may be rapid (large ka) with a low
bipavailability as in the case of tealthy subjects or
conversely, the absorption may be =low (=mall ka) with a
high bioavailability. There is of course, a limit to how
slow absorption may be without reducing the bivavailability.
This is determined by how long the drug remains in  the
gastrointestinal tract (Gltract) (Tozer, 1979 and Svensson
et al.. 1983). Following concomitant administration of
chlorpropamide and meal (C), the pharmacokinetic parameters
derived in healthy subjiects when compared with those derived
in diabetic patients., indicated significant differences in
the lagtime, tmax, t1/2x»x and ka. This finding agrees with
the results of Wahlin-Boll et al. (1980) and Arrigoni et _al.

{1987},

Significant reduction in plasma glucpse levels was
observed in healthy and patient wvolunteers following
administration of a single 250mg chlorpropamide tablet in
the fasting state compared with concomitant administration
of the drug with meal. This finding might be due to the
significantly inctreased plasma levels of chlorpropamide
detected in the fasting state for both healthy and patient

volunteers compared to when the drug was administered
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concomitantly with meal. The degree of hypoglycaemic effect
produced by chlorpropamide in healthy subjects is related to
the plasma concentration of the drug (West and Jdotmson,
19607%. A more optimal timing between induction of insulin
release and the blood glucose increment evoked by the meal
could also explain the reduction in plasma glucose levels

detected in the patients {(Sartor gt al., 1978).

S.4 GCogked Yam Flowr Meals (D} Chlorpropamide Interactions

Studies In Healthy Volunteers And Diabetic FPatients:

Following concomitant administration of a single 250mg
chlorpropamide and meal (D) to healthy subjects, the lagtime
and ka increased while the t1/2x and the tmax were reduced
when compared with the corresponding wvalues observed when
the drug was administered in the fasting sitate. According
to Roe (1985}, wmith a full stomach the delivery of the drug
to the absorptive site in the small intestine is delaved,
the drug in a solid dosage form occupies the stomach for a
longer peried resulting in a longer lagtime and rapid rate
of absorption. Alsp, the physical nature of this meal with
the increased fluid volume could bhave dimproved dissolution
prior to absorption {Rogers and Chir, 1982), resulting in a
shortened residence time of the drug and rapid rate of
absorption. The increase in the ka following administration
of the drug in the fasting state resulted in decreased

AUCo—oo (not significant) when the drug was administered
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concurrently with meal (Abdel-Monem and Henkel, 1978).
In case of patients, the differences observed in the
pharmacokinetic parameters when the drug was administered in
fasting state compared with concomitant administration of
the drug with meal were not statistically significant and
the ka was decreased by the meal. Also, comparison of the
pharmacokinetic parameters obtained in healthy volunteers
with those of patients indicated significant decrease in ka
for the patients. This could be due to the effect of age on
the Gliract, most of the diabetic patients that participated
in the study involving this meal had their age within the
upper limit of the used age ranged. According to Sklar
{19783, the 61 tract is the most common site of distress in

the aged.

Following the concomitant administration of a s=ingle
250mg chlorpropamide tablet and meal to healthy subijects,
the plasma levels of the drug increased significantly at
.58 and 1h but the reduction in glucose levels did not
rearh a level of statistical significance at any point and
no postprandial rise in glucoese with oeal was aobserved. In
the case of the patients, the differences in plasma
chlorpropamide levels wher the drug was administered 3O0min.
prior to the wmeal compared with when the drug was
concurrently administered with meal, did not yeach a level

of statistical significance at any point, but, the
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postprandial plasma g9glucose levels were significantly
lowered under the former condition at ¢.3h and 1h5.
According to {Campbell (198G), there appears to be a
Tthreshold® chlorpropamide concentration which must be
attaired hefore activity ocoourss an "All—or—-nothing’
response would then be ohserved: when chlorpropamide levels
are below a certain limit, almost no effect on blood glucose
is measured, whilst levels above this *threshold”’
concentration produce an activity unrelated to the drug
concentrations in the blood. Alternatively. the findings
might represent a direct effect of chlorpropamide on the
hepatic output of glucose, and/or some other extrapancreatic
effect (Marshall et al., 1970; bLebovitz and Feinglos, 1978

and Almer et al., 1982).

9.7 Effects Of Cooked Maize {(B), Cassava {(C) and Yam (D)

Flouwr Meals On Chlorpropamide Pharmacokinetitc Farameter

The statistical analyses pf the results of the
different meal treatments (concomitant administration of
280mg chlorpropamide with cooked maize, cassava and vyam
flour meals) indicated significant differences in t1/2x, ka,
Cmax and tma» obtained in healthy subjects (Table 1%). The
significant difference in tmax was found in all the meal
treatments. However, it can be inferred that the tmax was

significantly increased by cassava flour meal compared with
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the maize or vam flour meal. HAHlso, the Cmax was signifi-
rantly increased by cassava flour meal compared with the
treatment with either maize or vam flour meal. The signifi-
cant increase observed in t1/2y when the results of the
three meal treatments were compared was between the treat-
ment with cassava flour meal compared with the treatment
with maize or vam flour meal. 8lsc., the ka was significant-
ly reduced by cassava flour meal compared with the vam flour
meal. However, the reduction in the ka by cassava flour
meal did not reach a level of significance when compared
with that of maize flour meal. These observations further
confirmed the upredictable effect of meals on drug absorp-
tion. Drug—-food interactions may result in reduced, delaved
or increased absorption, or there may be no effecrt at all
{Toothaker and Welling, 1980). Considering the fact that
tma» is dependent on ka, the significant reduction in ka by
cassava flour meal increased the tmax and resulted in in-

creased t1/2x.

Statistical analyses of the results of plasma glucose
levels obtained in patients following the meal treatments
without chlorpropamide revealed significant differences in
the O.3h and 1h mean postprandial values {Table 16, Figure
273, The reduction in the plasma glucose values was
ohserved to be by vam flour meal as compared with cassava

flour meal. Pietary carbohydrate has been repeatedly
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demonsatrated to improve diabetes control especially in
patients with non-insulin-dependent diabetes mellitus
(Brunzell et al., 1971; Weinsier et _al., 1974; Spannhake,
19763 Anderson and Ward. 1979 and Simpson e al.. 1981).
Enhancement of insulin secretion or increased sensitivity of
peripheral tissue to insulin (Grundy, 1991); suppression of
glucagon and augmentation of insulin secretion by exposure
to glucose (Spannhake, 1276) might be the mechanisms for
such an action. It has also been reported that the
glycaemic response of starchy food differs (Jenkins et al.,
1982). Thus, it is possible that the glycaemic index of yam
flour meal was higher than that of cassava flour meal. The
difference in the carbohydrate content of vam flour meal
(B84.5%) when compared with that of cassava flour meal (7&6%)
might also be responsible for the improved glucose tolerance
observed with vam flour when compared with cassava flour

meal.

Following the administration of chlorpropamide to
diabetic patients ZOmin prior to the ingestion of the meals
(maize, cassava and yam flour), the differences observed in
the drug pharmacokinetic parameters did not reach a level of
significance (Table 17a}). However, the tmax was different
in patients following concomitant administration of the drug
and each meal to patients (Table 18a). The difference in

tmax was statistically significant in patients taking
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cassava and yam flour meals. The postprandial plasma
glucose levels were significantly reduced when each meal was

taken with 250mg chlorpropamide than when given alone in

patients. In addition to this finding, the early
postprandial increment was reduced and there was a
subsequent decrease to values below preprandial levels. In

view of the potent stimulatory effect of chlorpropamide and
other sulphonylureas on B-cell, it will be logical to
postulate that the single oral dose of chlorpropamide
administered in fasting state or concomitantly with each of
these meals could be responsible for these effects. It is
also worth mentioning that the high carbohydrate meals used
in this study might have contributed to the marked reduction
in the glucose levels. The mechanism for such an action
might be either an enhancement of insulin secretion or
increased sensitivity of peripheral tissue to insulin by the
carbohydrate content of the meal (Anderson and Ward, 1979;
Simpson et al., 1981; BGarg et al., 1988 and Grundy, 1991).
This point would have been confirmed if 1t were possible to
measure insulin and C-peptide levels. However, the thera-
peutic end-point of oral hypoglycaemic drug is reduction of

glucose levels which were measured.

The sulphonylureas act by causing the release of
insulin from the islet cells of the pancreas. It 1is not
therefore suprising that there was a relationship between

the hypoglycaemic action and plasma chloropropamide
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concentration in the healthy veolunteers. However, the
choice of opral hypoglycaemic agent in Type I1 gdiabetics is
pften based on empirical grounds rather than upon any
certainty of the presence of residual islet cells. Thus the
patient population studied may not be suitable for a
sylphonylurea therapy. In any case the derangement in
nutrient metabolism that characterized diabetes mellitus
might have masked any direct relationship between the
hypoglvcaemic responses and the drug levels. Moreover some
authours have shown that for most sualphonylureas, the blond
levels are a poor guide to their hypoglyvcaemic responses

(Balant. 1981 and Ferner, 1988).

Considering £he individual variations in the calcﬁlatud
individual pharmacokinetic parameters {(see appendices 7a-
ZbY, there were differences as well as similarities. For
example the Ke and AUEC were similar within subjects but, Ka
and tmax were different. Inter—individual and intra—
individual wvariability in drug responsivengss can result
fram genetic differences in rates of drug metabolizm.
However, the parameters derived for epach subject were within
the range of previously reported values (Tavior, 1972 and

Sartor gt al., 17980h).

5.8 Salivary Excretion of Chlorpropamide:

Comparison of chlorpropamide pharmacokinetic parameters

pbhtained from saliva with those obtained from plasma of

healthy subjects (Table 19) shows that the calculated sali-
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vary chlorpropamide pharmacokinetics (except the t1/2x, Ka
and tmax) were significantly different from those of plasma.
The occurrence of tmax at about the same time in saliva and
in plasma suggests that eguilbrium is reached rapidly be-
tween them, in line with Posti‘'s hypothesis that saliva
should be regarded as an integral part of the central com-
partment (Posti, 1982) rather than a 'deep’ pharmacokinetic
compartment as suggested by Galeazzi gt al. (1976). The
similar values of Ka which resulted in similar t1/2x can be
explained by assuming that the rate of the drug absorption
was proportional to its concentration at the absorption site
which has nothing to do with different biclogical fluids.
In contrast, elimination parameters are related to bioavail-
ability and Cma»x of the drug in either blood or saliva.
Therefore the significant differences observed 1in the
bioavailability and elimination of the drug in plasma
compared with saliva agreed with the fact that
chlorpropamide is highly bound to plasma protein (Crocks and
Brown. 1974), and it also explains the mean saliva/plasma
(5/P) ratio of less than unity (0.009 to 0.05) obtained at
each sampling point in this study.

According to Crooks and Brown {(1974), about 96% of
chlorpropamide is bound to plasma protein. Hence at any
point in time, only about 4% of the plasma drug
concentration will be free to traverse the lipoidal membrane

of the salivary gland. It has been asserted that saliva pH
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is the major variable determining the concentration of
ionizable drugs in saliva. Also, the appearance in saliva
of acidic drugs with pka under 7 is profoundly affected by
minor alteration in salivary flow rate and thus the pH
{Mucklow et al., 1978). Since chlorpropamide has pka 4.8
{Mucklow et al., 1978), its salivary excretion would be
expected to be affected by the pH of saliva. However, a
correlation (r = 0.93) was observed to exist between saliva
and plasma levels of chlorpropamide. This is a reflection
of the advantage of collection of stimulated saliva which
fhhas a narrow pH range around the value of 7.0 whereas the pH
of unstimulated saliva showed a large variability (Gilbadi
and Prescott, 1983). However,., a poor correlation (r = 0.54)
of S5/FP chlorpropamide was observed by Mucklow et al. (1978).
The authors collected single sample of wvenous blood and
saliva from diabetic patients on regular chlorpropamide
therapy ranging from 100-500mg daily, and measured the drug
concentration using GLC method. They however envisaged
erros in their study due to non standardization of salivary
flow rate and pH. The use of a more sensitive technigue
(HPLC) in this study may also contribute toc the observed

improved correlation of 5/F ratioc of chlorpropamide.
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CONCLUSIONS

The batch of chlorpropamide tablets and standard powder
used in this study satisfied the official H. P. {1988)
requirements. It hazs been demonstrated that certain
specific dietary components for example, cassava and vam
flour meals can significantly alter the absorption pattern
of orally administered chlorpropamide tablet, while maize
flonr meal resulted in only little difference in the drug
absorption. These findings further confirm the
unpredictable effect of meal components on absorption of
drug and the fact that no general rule can be formulated

concerning food-drug interactions.

The results showed that administration of 250mg
chlﬁrprnpamide tablet prior to a standard high carbohydrate
meal or concomitantly with the meal results in lowered
postprantdial glucose levels compared with the ingestion of

the meal alone. The results further showed that the most

pronounced hypoglycaemic effect Was obtained when
chlorpropamide was administered 3F0min before meal, as
evidenced by lowered plasma glucose levels. Thus, the

results suggest that in the long term therapy, pre-prandial
treatment is generally more effective than with food dosing

due to a more optimal timing between induction of insulin
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release and the blood glucose increment evoked by the meal.

The principal objective in the treatment of a patient with
diabetes mellitus is to permit him to lead a satisfactory
life in good health in his normal environment. The
treatment program should be designed to correct defects in
metabolism., preserve pancreatic functions, prevent chronic
diabetic complications and promote psychosocial adjustment
(Goodhart and Shils, 1980). There is no doubt of the
beneficial influence of a high-carbohydrate diet on the
pancreas. Starvation or a normal caloric diet 1in which
carbohydrate is ‘'restricted, produces an impairment of the
insulin production in response to a glucose challenge and
may result in an abnormal glucose tolerance test. Preparing
the patient with 300gm of glucose for 3 days prior to the
test may then result in a normal test. 7This is a clinical
example of the beta cell reserve which is present even 1in
diabetic patients. Such patients., when presented with
sufficient carbohydrate for a period of time., are able to
increase the amount of insulin produced following a
subsequent carbohydrate challenge (Goodhart and Shils,
1980). In view of the present results and the decision of
several dietary recommending bodies, including, the Special
Report Committee of Canadian Diabetes Association (1981).
the British Diabetic Association (1982) and the American

Diabetes Association (1986). these results suggest that
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diabetic patients =hould be allowed to take starch meals
{complex carbohydrate) such as cereals, vam product meals,
and rice. Such meals may he taken 30min. after the drug
administration to achieve a critical plasma concentration of
the Idrug before entrance of food into the gastrointestinal

tract.

It has been demonstrated that pharmacokinetic values of
chlorpropamide cannot be fully extrapolated from a healthy
population top a diabetic population. This may be due to
pathological changes that ococur in patients with diabetes.
The resulis also demonstrated that there was a relationship
between the hypoglycaemic responses and chlorpropamide
levels attained after administration of the drug to healthy
subjiects whereas there was no direct relationship between
chlnfprupamide levels and the hvpoglvcaemic responzes in
patients. The derangement in nputrient metabolism that
characterized diabetes mellitus might have masked any direct
relatipnship between the hypoglycaemic responses and  the
drug levels in the patients. Considering individual varia-—
tions the absorption rate as reflected by the time to reach
peak'piasma concentration differed markedly between individ-
uals, whereas the elimination rates varied only slightlvy.
Inter-individual and intra—individual variability in drug
responsiveness can result from genetic variations of rates

nf drug metabolism.
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Significantly lpwered chlorpropamide concentrations
were detected in saliva compared with plasma, and the sali-
va‘plasma ratio was less than unity at each sampling point.
Plasma/saliva chlorpropamide time toc maximum concentration
{tmax) and absorption half-life (t1/2x) were similar while
the maximum concentration (Cmax) and elimination half-life
{t1/2R) were different. This might not be unexpected since

chlorpropamide is extensively bound to plasma proteins.

The sulfonylureas are a class of drugs characterized by
marked intersubject variations in blood levels and therapeu—
ticr effectiveness {(Melander, 1978). Because of this
variability and the integral role of diet in the control of
diabetes, the uptake of these drugs must be examined when
administered not only in fasting state but with different
varieties of meals consumed by different population groups
for meaningful understanding of the influence of these meals
on the absorption characteristics of the drugs. In addi-
tion, C—peptide and insulin levels measurement together with
blpod glucose are also recommended for further studies.
This will make it easy to relate sulphonvlurea blood levels
to hypoglycaemic effect since food intake is a major compo-
nent of this relationship. The pharmacokinetics of most
drugs are usually studied in fasting healthy subjects where-
as, drugs are administered to patients with a meal. It is

recommended  that pharmacokinetic studies should be carried



out both in healthy subjects (under fasting and non-fasting
conditions) and in patients using standardized test meals.
This type of information is slowly becoming available, and
it is likely to take sometime before health practitioners
bave sufficient information regarding food-—drug interactions
to optimize drug dosage in order to obtain maximum therapei—

tic effect.

Salivary concentrations of chlorpropamide could have
twﬁ uses; its specific identification and estimation in the
saliva of patients suffering from chlorpropamide overdose
may assist the clipician to decide further treatment; and
the measurement of the biological or systemic availability
of chlorpropamide formulations could be achieved without the
discomfort, possible hazard and npecessary attendance of
medical staff required for repeated venepunctures. There is
however the peed for more study on salivary excretion of
chlorpropamide with a view to develop more sensitive tech-

nigque for measuring the drug in saliva.
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APPENDICES

Appendix la

Chemical Assay of Chlorpropamide Tablets and
Chlorpropaside Standard Powder.

Chlorpropamide Sample Standard
Absorbance 0.590 0.4601
(232nm)

Appendix 1b

Dissolution Test Of Chlorpropamide Tablets In Phosphate
Buffer pH 6.8 Mainteained at 37 + 0.5°C, Using USP XVIII
Rotating Basket Method. Absorbance Measured at 230nms

Time (Min.) No. of Tablet

45 1 11 111 1v
#Absorbance 0.922 0.925 0.927 0.928




Appeadin 2a

Plassa Concentrations Of Chlorpropanide In 3 Heallhy Yolm-
teers Following Oral Maisisiration 8 230ag Chlorpropanide Tablel i
Fasting State (A) dad With Cooked Maize Flowr Meal {B)

concentration (mcq/el
Volupieers 1 11 I v ]
Tise (b} & | I | I | ] A ] A L]

0.5 0 06 311 031 L3Y 0. 1Y 2.9 110,42 1005
! 15,23 6.6 1201 .07 1085 .36 12,05 2499 2584 1.9
2 2340 15.09 20,77 1389 21,9 2.2 1.1 M. 2.7 1092
L) 540 25.27 2640 26.25 26.15 2679 2599 1187 2671 20.60
§ 0.0 .80 26,50 20,73 25.00 26.71 2609 2308 5.0 2491
L] 20,58 2.0 25,91 2076 23,23 1536 2041 7.3 23.% .00
1 .97 M5 2.0 .77 1987 22,33 2541 .88 2189 70.%
3 118 14,00 17,92 182 7.1 .20 1601 1596 1519 1.0
4 1535 10.53 1492 12.26 483 6.89 13.12 1L.2 0.0 V.17
n 7.3 L9 10.7 L.82 LB LM A2 1M A2t 48D
144 1% L0 396 2.9 0.1 0.9 2.0 2. 0B 0D

148 LW 081 280 2.0 oM 013 LB 153 030 0D
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Approdiz
Plassa Concentrations Of Chlorproganide {argfal) in § Babelic

Patiesis Following Dral Mdeinisiratios Bf 2302y Chlorpropaide Tadlet J0Mis
Before (A} And Bith Cooked Maize Flowr Meal (D)

{macentration (mrg/el)
hiimts | 11 I ] L) Vi
Lae{d}d B A 3 & 3 (YO Y N | » 1

3 333 d4é 07 441 A5t 48 1,28 7.8 29 441 1.8 AN

1 A7 860 20,08 J0L1 14,25 1148 2578 2200 BB 5,32 23,13 1604

T 1818 5097 6.1 19073 26.35 2178 3524 33.27 57,88 1531 .0t 25

4 28,00 27,35 25.97 W00 377 2940 36402 3507 Z8.18 11M ML D4

6 6,64 28,83 20.78 20.10 J2.34 30.90 3948 1438 3204 3280 28.44 .77

$ 2533 7L 23043 27.73 3164 34.63 32.73 1277 3A.0% 3L.Mk 2133 10.M8

1693 15,76 06,06 19,9 .47 M09 UM 2RY27.90 060 1909 M.

15 0.0 &A% 0.0 1L92 B6.57 J604 10,05 12,01 .13 1Y LG HAO7

7R LM 51 )AL L 18 A8 1L Tk 1)

Hé 082 018 .M 192 348 A LA 1.1 32 LO8 LW M

B3 0.5 804 052 0 200 .67 0BF O85 20F 2.3F MmO 18
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Mppendiz 3a
Plasai Conceniratioe 8F Chlorpropasite Tn § Heallhy Yolwlesrs

following Bral mMeinisiratica Of 230ng Chlorpropande Tablet In Fasling $tate (A} dnd
Bith Cooked faszava Flewr ¥eal if}.

Comceatration (scg/al)
folanierrs I Il Hi 1w ’
Tise (R} & g h i b L A f A t

6.3 LAv 048 0.9 447 &30 012 MW AR 18 LW
i 18.%3 23 44 BM T LIF M8 13T NN 49
2 W LW NN WL KY LI LM ILW DL
§ LAY N 3.0 219 LAY 174% 3LYS ML8E 16 2.1
§ 3LV LY A 16 3L 3 3L 547 A3 UL
g ILeY LK 3N NLDY JOM 20N 3R 2.0 LA 2L
1 B9 325 B RNA BN WY B B NeXN
31582 203 LM L7 BRI 2007 L9 1L9B IR
17 1.9 1. W8 4.9 14 1L 129 1.8 1L
o 8 102 1.0 LY A4 LB UM LM B8
M L4 a2 LM e .3 A LW 3 LW LW

168 0.57 8.3 L&l .43 Ls? .t Ln LY LY L1
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Appratir 3b
Plasaa Loncentratisss Bf Chlorpropaside In & Dizhetic Patimis

Follewitg fOral Adminisiration of I50sg Chlsrpropanide Tablet 18sis Before [4)
hod Vith Cooked Cassive Fleor ¥eal {L).

Concentration acy/al
Patients ] 11 I} ¥ Y |
Tiee () & € & C & C 4 C & [ 4

0y O1LE AN BN LT ILA LE LD LB 2N LB NI LT
I N8 150 0.2 B34 20,74 033 ML 1503 Q3% 1L95 24.19 2.0
1 .13 2599 28,77 10 3619 19.13 30076 1510 I1.68 20.34 3364 1700
£ 3033 30L52 2749 2843 3619 29,28 30.5) 30.43 3104 28.95 35.32 23.0]
9.3 .5 2.0 3540 3507 329 2934 3000 2054 02,08 34.85 3.4
8 I8.24 30.51 23.09 35.85 31.97 35,70 79.71 30.44 28.00 31.8f 31.13 3L
2 2005 2000 12,01 30,86 26,31 2599 1058 1304 0070 2677 151 2008
18 15.06 13,83 30,07 11,7% 17.%% 96,30 12,07 15,50 19.17 1.3 13.78 17,04
74 A1 B 1L 1M IR 298 1057 553 12,87 AN 1L
8 205 1.8 1.2 3.4 )88 2,52 L9 113 088 0.2 LG 298

18 L2Y LU0 LA L LK LN 17 648 27 oW 1




Plasna Coscentrations Bf Chlorpropamide facy/nl} In 5 Healthy
Voluateers Following Oral AMdsinisiration 8f 250eg Chlorpropanide lablet In

Fastisg State (A) And With Cooked Yan Flowr Neal (B)

Concentration (meg/nl)

m

ippendiz 42

Volasieers ] 11 v ¥
fee (b)) 4 ] Ab A ] (] ] ] ]
0.5 .92 LW SN RS A W A BB LY 1L
1 113 2080 15,77 2000 19,95 20.10 1294 3089 154 414
? 1.0 W28 26,8 2.0 V.4 2.9 WA B3 DY
L 2060 2803 303y 2500 21083 LIS D962 .07 3039 2604
) .45 .90 30 N 2675 M09 3053 28,56 30.57 258
i 26,36 26,57 3.5 2041 5.9 230 .M 1748 M5 W%
n B0 WM 01T N8 N3 A8 N OB DWW N
bt 1.9 1645 1808 13,22 56,82 10,92 10.50 472 1672 13.%
L H] 00 1309 1062 1035 134 007 1607 1473 13.08 1048
n .4 LE7 %M 6 0.3 Am 1502 11 A0 6
14 290 258 L% LM 2% 4 34 LA 1L L3
168 197 L LM A8 2 06 28 223 1L A
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fondin 4

Plassa Loncealrstioes OF Ohlerpropanide {acy/ul) Is & HMabelic
Patients Following Bral ddninisiralion Of 250ag Chlorgrepaside Table! J0Bin Defore
() fad With Toeked Yaa Floar M3l (D)

Comcentradion {ar¢/el)
Patiests 1 11 11 v ¥ ]|
Tise () $ 0 & 0 K& B A D A D & )

D5 4L .46 20,39 19,44 10,19 15,57 13,27 1289 1219 1094 10,71 14.88
0 20,83 171 2619 1054 20,10 2099 3190 QL09 17.40 15,00 25,98 .07

2 BN BAY R .99 205 2647 3107 1085 2440 2045 30,32 32.43

4 28,73 1.9 30,30 27,71 20.% 1947 3102 2.7 DLBA 1073 .01 329

b 20,57 M40 19.36 26.48 24,87 29,14 27.61 28.15 30.03 11.83 12.87 33}

B 27.23 2523 28,3 D5.7Y 2343 24.73 28,0 26.6F 300 1391 M. 32.B3

.' M 2L 1053 215 20,74 36,76 TE.06 1949 14,89 2019 79,36 2078 1373
48 1596 13,20 1A.29 14,58 10,04 13,43 10,16 8,53 16.87 18,38 42,53 15,43
7T ILG .93 947 1080 S0 481 A3 A NLTE 1L .U VM
L] 457 286 L7 07103 LT LY 0SS L9? M 1R LM

148 L 69 L1 9 A8 LN LR 028 LTE L 0T LM
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bppendis ba
Pharsacekinetic Paraaelers 8f C¥lerpropanide In Plased 8F Individual Healthy Volwaieers

Follomiag The Inqestios of 230ag Tablet I Fonting Stale (A} dod NiiN Cooked Yaize Flowr Hpa)
i

Yolunieer Beaber

Paraseler i ? 8 ? ] ] A 5 [ ]

dncp-148 £903.37 134240 1948.02 1944,57 91000 883,07 1741.84 1448.05 184,97 134,31
{nry/al/b

fuco-on 158043 EA4,90 7177,73 20K7.41 114.38 895,52 1056.09 1649.48 1344,13 139632
fncg/al/h}

Clearamce $.56 047 &2 412 A AN KM B4 BIE 01D
{i/n

L) .43 LI ORI &9 8 B4 &1 BB 48T LM

foar (ecg/el}y 2318 2607 2650 Nh66 2600 2077 LY Y DLW LY

{esz () .9 9 a0 80 4B L0 LM AN 00 400
ke b g.010 o411 LOMS .07 0.83Y 003 B0lE 0816 G027 D20
1128 (0} B AW W B N NN R0 WA HBa LN
K It'I} L34 457 418 4% OB 087 046 207 BB
tirn {b) LW LM oM 3 it ol b 10 47T LI
tlig (B g3 &4 bR b 03 bW WM BB L3 LM

R W2 1 B BB 03 BB 073 048 A5 UG
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Appendiz
Pharsacokinelic Parameters Of Chlorpropanide In Plasea 0f Isdividual Diabelic Patients
Followisg The Impestion Of 250mg Tablet 0Min Befare (A} And With Cooked Maize Flosr Beal (D)
I
Joluateer Muaber
H il HH | W y VI

Paranelers ] } ] } ] ) h ] [ ¥ b }
AUCo-158h 1335.36 1939.42 1307.60 1382.08 2151.60 2069.40 1799,33 1607.23 2238.43 2403.68 1634.93 lm.i
{scg/al/h)
AbCo-00 137704 104345 135409 1440.23 225,17 2155.52 156,39 1648.90 2344.75 254404 1686.16 1948, ]
{scy/al/h)

Clearance (L/4) .40 M 018 G151 02 05 15 R4 010 015 0.
LAY &% LY L LM M3 AR AN WY A YT T,

Caar(ncg/nl) %08 28,82 .21 2.0 320 3.9 4.2 1.7 MW L B M.

taar (h) 00 690 2.0 600 600 600 A AN M0 M0 AN 4
Le lt-ll 002 6 002 002 602 002 002 003 002 002 L2 0.
uz2zem 7.5 18,65 N5 L AT .8 B9 W3RN WS 15T M,
L] {i'll 2,0 &5 M M 0B 07 LM LT MM Al M L
12 in 3 LW M LA L0 LM LG M 1M L1 L 0.
t lag (b L AW 03 0 MM AR MM AR A Al L 0]

] 047 036 047 057 0 0T B4 0.7 482 0.8y DY 04




Prarazcokisetic Paraseters Bf CMerprepamide In Plasas 8 Isdividwal desltsy Yolunterrs Followimg Thd

Ingestion of Ziluy Yablet In Fastiag State {A) Aed Vilk Cooked Cassava Flosr #eal (L}

g

bppendis b4

Talnaiver Maaber

I 1 § 1 1¥ ]
Firiseters [ £ A { ; L 8 I i L
ABCo-16Dh 176005 183594 2326.36 2247.4% 183573 1704.6F 2205.66 T104,27 5884.21 1592.53
(aty/al/h)
#iCo-op 1B5B. 26 195507 2542,98 2373.34 1930.67 1778.06 2504.84 2307.00 1748.0F 142,97
{nte/al/h)

Clearante iL/A) 641 001 o .81 &3 &M &M 11 BH WM
Vi {L) 3 Ln LM s &M LW 7B 64 B AN

(sar{scy/al/} Ber 2.3 R4E WM I a8 3L LW 82 105

{naz M) . | 17 L 1? 1 17 2 1 L B
ke o) BOT 00T B0 A2 092 66 081 002 002 6
W 2 WM SLE 2 M 02 NG A8 8T 92
o) LOAM LIS 02 AN A 20 b2 LT M
1072 1 th) 083 7B RSt LW AT LB 0N LA 6B LY
! 3ag ) R Y RS TR X Y IR VT K R R . R

n 71 &7 4L Al W AN LY 0 447 &4
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bppeadin 6

Pharsacokiselic Paraselers 0f Chlorpropamide In Plasma Of Individual Diabetic Patients Following The
Ingestion Of 250eg Tablet JO0Nin Before (4) Aad Wild Cooked Cassava Flowr Meal (C)

Paraneinrs

Tolunieer Member
I I m ) ] yi

AUCo-1480
acg/al/h)

ACo-o0
(acq/81/h)

Clearante
iLnm

¥l

Lan
{acg/al/h)

t o (h)
e 0l
120 ()
Lot

t 121 (b)
t lag (b}

£

1745.58 1691.45 1477.85 2735.83 2348.63 2089.12 1665.49 1996.19 152053 2306.43 105048 2244.48

180,79 1747.89 1561.93 2873.30 2480.32 2154.07 1765.05 2088.78 1584.45 2447.32 1923.23 2338.22

.4 01 MM 00 A 612 MG M2 Ml MM M 00

Lo M iM AN L T4 DY A b 3l M

.3 M5 .2 3RS ML ML O Wm WM MM R W32 3LW
LM &M LM BN LW N 1IN LW 2 N AW M
0.0 002 002 001 02 02 G2 B2 OB b2 002 M2

5.9 1348 3034 47,43 452 3600 3513 L LM M LY 1LY
.64 081 248 033 .03 M L)Y M LB B2 L& 033
L2 085 02 20 013 L& 12 68 043 L& M LM
.33 02 00f 032 03 013 &3 M B2 D7 Ml 0T

.4 680 W LM MM AT 0% 07T 0N 0 07 M
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Pharsacekinetic Paraselers Of Chlorpropanide In Flasea Of ladivideal Healthty Volusleers Following The
Ingestion Of 250y Tablel In Fasting State (A) dad With Cooked Yas Flowr Heal ()

folunteer Munber

I i i W

Paraseters [ 1] ] ¥ ] ] [} | ] 4 A
AOCo-168%  1782.32 14704 1760.14 145988 1712.49 137970 2029.34 2003.38 178097 1504.85
{ncq/al/h)

Weo-s 190084 196900 1897,43 154105 190329 1429.12 21250 215095 184093 134284
{acy/al/h)

Clasrance 12 B3 B LN LI A 012 L2 01D 04
e

Wit TR R R B R B B Y]
Ceat

facy/al) W45 .3 LI .M LS 20 3053 0B S 2.3
taar (h) GO0 200 400 100 A0 10 600 20 AN M
el 006 0017 .08 002 015 0.2 02 0.2 0 o
VU204 WY T N6 AL 01 MW M0 B8 3L
Lot 050 230 097 M08 LR L3 MM L3 MM LT
t12r (W) 1,38 0.2 0.4 005 .M 006 0V 0.5 003 0B
¢ lag () 005 00 032 046 05 038 0.2 04 025 0.3
m 076 077 007 060 071 056 680 085 04 0.4
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Spperdiz 7B

Pharsacobinetie Paraselers O Chleryrapaside [n Plissa 8f ladividual ¥iabelic Patiexts following The
Ingestion & 230ay Tablel 30Mis Before (N} And With Cosked Yo Flomr Mral (B

folunleer Yamber
1 II HI v ¥ ¥l
Paraneters [} ] # | E } 3 } 4 3} 4 )

MEr-163h WA3.38 1897.30 1912.42 194,50 132909 1748.40 1622.70 1397.90 2130.90 2155.0% 183421 19D
fmcq/alih}

WLa-e 19907 177210 132785 2050.32 1387.0% 3838,00 1690.43 138287 2254, 22000 190,08 21,43
aca/el/h)

Elearance LUOOLE LB ORI 3B 243 DY ORIE BN AN M L1
L7k}

W4l .47 4 LY BWY A4 M LM BRI MR AN AR
Caax

targ/nl) 0.8 N4 W LN LA WY R4 LM I .9 WM WD
tar (B .00 200 480 240 20 440 200 200 LM 6.0 400 MM
10 1b"} $.053  A.806 0017 6010 0012 G018 002 B2 B2 487 42 AWM

L2y e B W3 M B 0 B8 N3 W FL 3009 3N
I [h'l! a Lo el L s LB f82 A LHOOAW O a2 1M LA
1123 i P B3 A5 BN WD 9 M LB LB A 8 A
i hag (k) Bis A2 M AT A 0 L7 R AU LN I 04

1] .77 42 K47 M A8 Gt 45T MR 48 47 L& ALT?
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Appeadin 82

Plasaa Glucose Levels (M.Mol/L) In 5 Mealthy Yolunteers Follow-
isg Dral Mduinistralion 0f 250aq Chlorpropanide Tablel In Fastiag State (B) Mod
¥ith Cooked Maize Flowr Meal {B)

Plasaa Glucose (W.Mel/L)
Yolunteers I I1 i v ¥
Tise (B} & 3 [ ] [ A ] (] A

¢ .62 478 L% 482 468 .80 A 083 511 M
.5 42 482 420 400 450 4.7 420 A4S 5. AW
1 .20 448 L00 425 4 65 10 L4 480 073
2 00 A28 L9 12 A0 LB AR A3D A AN
L .82 A0 362 L9 L A LB A2 4 A1
4 .00 400 L& 400 .20 410 A0 412 406 A.18
§ .06 400 402 400 400 400 L1310 A0 AN

H
bppeniin

Individual Plassa 6lucose Levels (B.Mol/L) In & Biabelic Patieats Given Cooked Waize Flowr (K) Aed Following
fral Mdsixistration Bf 250ag Chlorpropaside Tablel J0Mis Defore (A} Aed Wilh The Neal (1)

tlasea Glucose (M.Mul/l)
Patients

Tise (b} & & » K & 2 & & } & & 3} 8% & )} 04 L |

] 22.80 23,60 24.00 18,70 18.90 15.00 18.90 18.70 18.70 17.00 £6.80 17.18 15.11 15.00 15.20 13.60 13.32 11.5
9.5 26,50 25.30 25.80 20.19 19.00 19.80 25.30 21.50 22.90 19.30 17.00 17.30 19.71 16.20 17.23 13.90 13.00 1.4
1 27,10 25.84 26,77 22,20 19,50 2020 22.9% 21.80 22.20 20.40 20.900 20.70 2232 17,19 19.42 12,25 1500 A2
2 J0.20 28.40 29.80 21,50 20.50 20.98 22.20 21.50 21,48 22,65 17.80 10.20 22.40 14,52 19.21 18,50 1441 15.2
4 20.20 24,50 27.19 20.9% 18.80 20,32 20.90 19.20 19,50 29.70 13.25 $4.40 £7.42 15.00 16.10 19.30 13.43 13.9
] 26,50 23.60 24,80 20,00 18.30 19,20 18,90 17,85 18,20 18.00 12,75 13.50 15,46 12,52 13.49 14,91 12,85 13.)

1 25,30 22.52 2600 19.56 10.00 15.00 10.50 §0.00 19.00 17.00 11.06 10.50 14.50 12.30 13.40 13,60 11.52 12,2
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hppeadin Ta

Plissa Glucose Level (N.Bol/L) In 5 Healthy Volunteers Following
Oral Administratios Bf 250aq Chlorpropamide Tabled In Fasting Stale (A) hed Witk
Cooked Cassava Flear Meal {[)

Plases Glucose (N.Bel/L)

Volualeers
| i 11 ] 1]

Tise (B) & ¢ L] ¢ A ¢ # ¢ # ¢

! LI L8 A LI L8 AR 452 AWM A Al
9.3 056 486 A4S 4B AN 43 42 L2 40 Am
1 62 500 A2 3N A AP A2 AR A0 LR
2 L0 A7 12 AR 12 A A AR 39 AN
i .02 4.5 A0 L6 A L12 LY AN LD Al
L] LM 432 52 A0 A am A 412 3 4

# 0 43 0 A5 A0 Al A 413 LY AR

Plasea 6lucose Level (N.Bol/L) In & Drabetic Patients Gives Cooked Cassava Four (N) Awd Following
Bral Mwinistration Of 250Ny Chlorpropaside Tablel J0Nin Before (A) Aed Witk The Meal (€)

Appendiz 7

Masaa Blucose (N.%el/L)
Patieats | I 11 v
Tie(M}N & C % & € N & € N & T

0 19.40 19.40 19.35 16,60 16.25 15.40 19.80 19.60 19.40 14,02 15.00 15.00 17.52 17,30 17.30 14,50 14.35 14,30

0.5 10.79 18.51 19.80 24.50 17,50 24.90 27590 18.30 20.71 19.50 16.50 17.12 25.35 17.50 10.00 23.52 16.00 10.04

1 27,52 2020 25.40 26.85 19.50 22.00 25.25 20,10 22.00 21.45 17.32 12,85 26.52 17.90 20.00 25.00 16.50 10.50

2 30,40 22.40 27.00 24.20 19.00 2070 22,54 19.60 20.90 23.00 18.00 18.52 27.00 17.30 19.00 26.10 10.00 20.80

§ 27,90 26.32 23.81 18.20 17.50 16.99 20.20 19.00 19.50 21.00 17.50 16,72 25.23 17.00 18.20 25.42 17.5 19.52

6 25.80 20.20 20.82 16.52 16.50 15,12 19.50 17,00 18,21 17,50 13.50 15,60 16,50 17.56 16.50 20.80 13.00 17,090

B 20,00 19.00 17.80 16.00 16.00 15.00 19.00 146,00 17.90 15.50 13.02 15,00 18.22 17.00 17.00 14.90 14.20 14.30
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Appeadin 10a

Plasma Glucose Levels (N, Mel/L) In 5 Healtly
Yoluateers Following Oral Mainisiralion of 250sg Chlorpropaside
Tablet In Fasting State (A) And With Cooked Yin Floar Meal (D)

Plasea 6lucose {N.Mol/L)
Volunteers | I 1} w ]
Tieer () & 3 & 3 & } & 3} & )

0 065 4.8 465 A79 460 068 A8 L2 A2 AR
0.5 .56 005 450 .40 460 405 A6 452 082 AR
1 L7 A A A2 32 A A5 AL AN A
2 06 435 305 1.9 A2 402 A2 12 A3 AN
L 4.20 3.80 3,72 3.55 408 032 3,99 A5 1.9 Al
] 12 472 152 1.3 L% ALY LA A 18 AN

L] 3.2 39 352 332 LSS 412 3.8 A1 0.3 DS

bppendis 10

Isdivideal Plasea Glucose Level {N.Bol/L) In 6 Diabetic Patienls Given Cooked Yas Flour (9) dod Following
Oral Mdainistralion Of 250Mg Chlorprapaside Tablet 30 Nia Before (4) Aod Witk The Meal {3)

Mlasaa Glucose (N.Mol/L)
Patients 1 1§ 13} w ¥ "
Time (B0 4 3 0 & ) B4 ) 0 sy v b v D T |

§ 1520 15,00 1530 12,20 12,00 12,98 10,52 14,00 1440 14.80 14,40 14.42 17,89 17.60 17.80 17.09 17.2 17,25
0.5 18,70 14,42 14.20 14,70 11,35 13.50 16.00 13,30 14,80 15.90 14,29 14.40 17,50 14.00 14,22 22.00 18.00 0.0
122,20 45,25 20.00 18.20 12,25 14.30 19.25 14.20 15.50 17.00 14,60 15.00 22,00 18.52 20.10 23.52 20.00 22.58
2 19,80 15.62 17.89 21.32 $4.18 18,87 20.50 16.52 15.20 22.25 15.00 15.50 24.00 19.04 19.50 26.00 21.20 24.00
4 1984 14,00 16,41 18.45 15.00 15,35 19.30 15.00 14.20 2040 14.00 14.50 23.50 18.50 18.50 25.41 20.32 19.8%
6 15,80 12,610 15.20 14.42 13.22 13,00 16.87 13,50 13.00 14.80 12.50 13.00 20.90 17,00 14.12 19.50 18.12 17.50

BO15.40 12,20 14,00 14,00 11,50 12.20 17,90 13.00 13.00 15,80 12,00 12.00 17.50 16.00 16.00 17.80 14.50 17.00




Sisultaneons Plasaa/Salivary Coscestrations O Chlorpropaside {acq/al) In 6 Meallby Volwnieers
following Oral Mdministration 0f 250ag Chlorpropaside Tablel In Fasting State

135

bppendin 1!

foncestration facg/al)
Yolunteers I 1 11 " i i
Tise () Plasaa Saliva Plasea Saliva Plasma Saliva Plasas Saliva Plasaa Saliva Plisma Saliva

.5 450 029 .25 025 AR A LIY 01 AW DY 11 0
T 1673 085 1985 0.68 2900 0.8 12,05 043 L9 443 1577 0
T .97 LAY 66 0.8 L3 113 2023 107 7189 108 268 1.4R
PN L 28 L TR 2.0 259 L B 1A 3D DS
b LS L3 26T OL5 308 148 2609 LT MLBT LS L2 LD
8 3. L N 08 W22 L8 258 LI WM LW 3. LN
17 .38 L2 .32 071 20.27 0.5 .0 1L 2036 131 28.13 .M
¥ 0.8 1662 0.5 20.02 0.9 1601 0.5 1.5 0.5 18.18 031
1 027 1L 0 1.4 8 12 03 YLD 168 0
n 9.2 0.9 039 0.1 12,33 A1l 082 020 1112 A1 M 0M
L] 2,39 0.0 299 003 450 045 248 015 3.1 .02 233 0.0

148 L3202 204 .00t L .01 1B 0 248 007 LM 0.0




Pharmacckinetic Parag
§f Individual Yolmnteers

Fasting Stite

2. Plasa;

Fal

elers §f Chlotproganide 1s
lowing The Ingestiop ¢ 30 Tablat Iy

F 419

Mppendix 17

Flisas had 5aliva

Paramaters

Yoleatesr Mpnher

Milo-148k 1833.78 171249 20854 111

M N8 174114

fzg/nl/h)

MCo 19067 19020 250686 185608 215,45 181703
{acg/alsh)

Hermmee 0.3 00 4w gy gy 2,14
{LIn .

¥ {13 et I X T NT RN W
Caar B 0w na 58 wm oup
fncg/al}

Rt LS Y X R R Y 1.9
o e g e 006 0055 g
W2IR N 7.0 68 g3 4 M 3y
g U S R S LB b e
W21 on om 4y 4y 0.9 o4
Pt 0.0 0wy 03 g L2
b, Saliva

T L BT TR TR 3.4
{sca/al/h)

Weoo .M 1.5 g s .27 4348
{scg/alth}

Uersce  4.27 74 13 44 02 515
(L/b}

R 5 X X ST, 149,98
DMaz R O X R T
{acy/al)

bl L T ¥ S S, .00
ey oM 4 LM 003 043 g
W23 1699 2.4 w1y %83 14598
Loy aw Gy LY L 45 fg3
W2h I LB 13 1y gy L3 a4
Pl th) o o oy g5 TR AT




234

ipniix £

Phirazcokisetic Paraaeters o Chlerpropaside 1s Plasss &ad $aliva

Bf Iedividual Yolealepre Follawing The Inyestion B 2¥ny Tabipl In

Fastisg State

t. Masgs

Yelamtesr Nugber
Parasiters

MiCo-168% 1853.78 1712.49 2B IMLE 229,34 7411

(aeg/nl/h}

ALo- 1930.67 180329 2508.84 1854.09 242548 181,43
{mza/nish)

Oeraaee 0.3 .13 L1y o1 g4 b.14
{81 ]] .

¥t} .91 8.1 Lo 819 253 7.54
Eaux Y nn na o am
fargfa)}

bty IS T X S Y ST T Y
ol aam g SO0 05 gy
W2 2980 B4 025 44 e g
N O R O L8 0N g
W2t o5 o4 a3 g 0.9 o
R R & ¥ I R R R

b, Siliva

MIoUid S M wa say g 13,48
{neg/elfh}

T X BT R 1548
(acy/nl/h)

Uearme 4.7 00 35 44 L2 s
i)

WL o ome wn gy 12080 149,99
Coar St B R X L R I e
{sry/a])

bt [ ¥ R P TR, 1.0
eoh a4y LM 08 0B p
2D %09 24y g5 244y M 158
oY am 4y 05 L8 0.5 L3
WIN®) 135 18 1y g LI o
tlag (8 0.8 0.0 o3 g3 LB g




g ' .4' ] H‘
Appenidiy 17

Pharaacakinetic Paraseters gf Chiorprapinite In Plases A Siliva

8 Individnal Yolustesss Falloving The Ingestion ff tey Tablet nn

Fazting State

2. Plasma

Yeleaterr Meder
Paranalers

Ma-168% 125378 179249 2866 1710 WM, M 17.61.14

{ezg/nllh)

MiCp- 1930.67 1803.20 2508.94 156,98 2125,45 18143
(2eg/al/h)

Cearance  9.43 s oty oy g.12  ouM
(L/4} .

L) .91 LA s Ly 8 L
{aar LY 297 un HBYW  BE oy
fsrg/al}

ok LY I XS X PRV 4,08
poh ams o g 0.016  0.015 g
H2RH 300 0 w35 aggg  gqg 7.9
O N LB 0 e
W2sth 07 o am em g 0.7
R RN S N S T N 0,12

J— .

b, Saliwa

Mits-188 S 3.4 .80 .91 g 43.48

iny/al 1y}

h8la-p M5 w4 N.4 B2 o
{stg/eirh)

Clearasce  0.27 7.4 LAl g 5,15
(L5}

¥ i) " ML an DLIE 1280 Mp.99
(Mar L Ly .y L2 1L Lp
{scg/a})

i U I X B R PR VR 1.0
Y T TR 09 0.3 g
W2RON 1609 B4y s gy 16.93
O i T T L5 L8 a5 gg3
WML LB 1 1 g L3 a4
Vgt 006 o0 g gy 0.5 py




M

ipediy 12

Pharsscokiaetiz Parassters 8 Chlorpropanide In Plassa dnd Saliva

Bt Individwal ¥oleateprs Following The Ingesiien 8 2iiny Tablpt In

Fasting Slite

i Masm

Volentesr Nugher
Faramaters

MCo-168% 185378 1712.4 284,86 171180 M.} 12.41,14
(8c9/31/%)

AUCp- 193047 190327 2506.M4 1836.09 U4 887,43
{(wcy/alsh)

Llearance 813 0.1% LH by 8,52 .14
(/%)

w il .71 8.74 L Ry 1.53 1.4
(¥ 771 e 9 nA N N TR
(3r9/al)

bt LR I X S X TR TR .9
oy nag g S 0.01 b5 gy
IR 300 B4 ey 4 W g
h oy 209 08 em o
LR LTS B WY S 08 onm
Pl 0.0 05 oy on g 532

———— -

b, Siliwa

MEa-180 ST W47 g WML g
{arg/a] /h}

MCo-p 1 R L $%.42 .47 8.2 8539
T HY]

Flearance 1.0 7.04 L 4 LR ] N H
i

o} 1 K .22 1.1 120.80 14998
ay 1.53 1.2y LM 1.2 1.5 1.73
{ky/al)

tnay i_%} LR X I R RPN .00
e b ™ 0.04 8.8z LM 903 b8 4.4
H2 ¥ n 1.1y .4 8.7 .80 e 4.9
Loty as gy g LS 08 L
172 b i) L33 1.3 LI 0,45 L .41
1 dag (4 .14 b1 L T b.14 0.19




