
Plasma protein binding and blood to plasma
partitioning studies of methamphetamine

Item Type text; Thesis-Reproduction (electronic)

Authors Lal, Ritu Anilkumar, 1968-

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 26/05/2023 10:30:58

Link to Item http://hdl.handle.net/10150/277954

http://hdl.handle.net/10150/277954


INFORMATION TO USERS 

This manuscript has been reproduced from the microfilm master. UMI 

films the text directly from the original or copy submitted. Thus, some 

thesis and dissertation copies are in typewriter face, while others may 

be from any type of computer printer. 

The quality of this reproduction is dependent upon the quality of the 
copy submitted. Broken or indistinct print, colored or poor quality 

illustrations and photographs, print bleedthrough, substandard margins, 

and improper alignment can adversely affect reproduction. 

In the unlikely event that the author did not send UMI a complete 

manuscript and there are missing pages, these will be noted. Also, if 

unauthorized copyright material had to be removed, a note will indicate 

the deletion. 

Oversize materials (e.g., maps, drawings, charts) are reproduced by 

sectioning the original, beginning at the upper left-hand corner and 

continuing from left to right in equal sections with small overlaps. Each 

original is also photographed in one exposure and is included in 

reduced form at the back of the book. 

Photographs included in the original manuscript have been reproduced 
xerographically in this copy. Higher quality 6" x 9" black and white 

photographic prints are available for any photographs or illustrations 

appearing in this copy for an additional charge. Contact UMI directly 
to order. 

University Microfilms Internationa! 
A Bel! & Howell Information Company 

300 North Zeeb Road. Ann Arbor, Ml 48106-1346 USA 
313/761-4700 800/521-0600 





Order Number 1345432 

Plasma protein binding and blood to plasma partitioning studies 
of methamphetamine 

Lai, Ritu Anilkumar, M.S. 

The University of Arizona, 1991 

U M I  
300 N. Zeeb Rd. 
Ann Arbor, MI 48106 





1 

PLASMA PROTEIN BINDING AND BLOOD TO PLASMA PARTITIONING 

STUDIES OF METHAMPHETAMINE 

by 

Ritu Anilkumar Lai 

A Thesis Submitted to the Faculty of the 

DEPARTMENT OF PHARMACEUTICAL SCIENCES 

In Partial Fulfillment of the Requirements 
For the Degree of 

MASTER OF SCIENCE 

In the Graduate College 

THE UNIVERSITY OF ARIZONA 

19 9 1 



2 

STATEMENT OF AUTHOR 

This thesis has been submitted in partial fulfillment of 
requirements for an advanced degree at The University of 
Arizona and is deposited in the University Library to be made 
available to borrowers under the rules of the Library. 

Brief quotations from this thesis are allowable without 
special permission, provided that accurate acknowledgement of 
source is made. Request for permission for extended quotation 
from or reproduction of this manuscript in whole or in part 
may be granted by the head of the major department or the Dean 
of the Graduate College when in his or her judgement the 
proposed use of the material is in the interests of 
scholarship. In all other instances, hovever, permission must 
be obtained from the author. 

This thesis has been approved on the date shown below : 

SIGNED 

APPROVAL BY THESIS DIRECTOR 

Michael Mayersohn, Ph.D. 
Professor of Pharmaceutical Sciences 

Date 



3 

JAI SANTOSHI MATA 

TO GOD AND MY PARENTS 



4 

ACKNOWLEDGEMENTS 

I am deeply indebted to Dr. Mayersohn for teaching me " how 

to think ". My thanks to him for making these two years 

memorable and enlightening. I also wish to thank Dr. Sherry 

Chow for her guidance, friendship and moral support during my 

graduate student years at the University of Arizona. I will 

remember both of you fondly all my life. My special thanks to 

Dr. Martin for spending his valuable time to serve as a member 

of my committee. Many thanks to Dr. Yalkowsky for his guidance 

and help. I also take this opportunity to thank all my friends 

in the Pharmacokinetic laboratory - Andrea, Athiwat, Hui -

Chih, Jon, Shinja, Yu - Hong and Yu - Li for their friendship 

and timely help. Mike Panessa, I appreciate your help in 

analyzing my samples. Last, but not the least, I wish to 

thank my parents for their love, support and guidance through 

these trying years as a graduate student, far away from home. 



5 

TABLE OF CONTENTS 

PAGE 

LIST OF TABLES 8 

LIST OF ILLUSTRATIONS 10 

ABSTRACT 12 

CHAPTER 1. INTRODUCTION 13 

Pharmacology. 16 

Clinical use, toxicity and abuse 19 

Pharmacokinetic information 24 

Theory of plasma protein binding 3 6 

Determination of binding constant for partially ionized 
drug 42 

Theory of Blood/Plasma partitioning 46 

Statement of the problem 47 

CHAPTER 2. EXPERIMENTAL 51 

Collection of blood 51 

Determination of time to reach equilibrium 52 

Validation of the ultrafiltration technique 54 

Determination of the concentration dependence of 
Blood/Plasma ratio of d - MAP 58 



6 

TABLE OF CONTENTS (Continued) 

PAGE 
Determination of the concentration dependence of 
plasma protein binding of d - MAP 58 

Determination of the effect of 1 - MAP on the 
Blood/Plasma ratio of d - MAP 58 

Determination of the effect of pH on the Blood/ 
Plasma ratio of d - MAP 60 

Determination of the effect of pH on the plasma 
protein binding of d - MAP 61 

Estimation of KA for d - MAP using HSA 62 

Estimation of KA for d - MAP using AGP 63 

Statistical analysis 64 

CHAPTER 3 . RESULTS 65 

Determination of time to reach equilibrium 65 

Validation of the ultrafiltration technique for 
protein binding 65 

Determination of the influence of concentration on 
Blood/Plasma ratio 71 

Determination of the influence of concentration on 
the plasma protein binding of d - MAP 71 

Determination of the effect of 1 - MAP on the Blood/ 
Plasma ratio of d - MAP 76 

Determination of the effect of 1 - MAP on the plasma 
protein binding of d - MAP 7 6 

Determination of KA of d - MAP to HSA 88 

Determination of KA of d - MAP to AGP 88 



7 

TABLE OF CONTENTS (Continued) 
PAGE 

CHAPTER 4. DISCUSSION 93 

Validation of the method of ultrafiltration 
for plasma protein binding 93 

Time to reach equilibrium for d - MAP of d - MAP 94 

Concentration dependence of d -MAP on the Blood/ 
Plasma ratio and plasma protein binding 95 

Influence of pH on the Blood/Plasma ratio and 
plasma protein binding of d - MAP 96 

Estimation of KA of d - MAP to HSA 98 

Estimation of KA of d - MAP to AGP 98 

CHAPTER 5 . SUMMARY AND CONCLUSIONS 105 

Suggestions for future studies 108 

REFERENCES 109 



LIST OF TABLES 

TABLE 
PAGE 

I - I- List of central and peripheral effects 
stimulated by MAP 17 

I - II. List of adverse effects of MAP 20 

I - III. Summary of metabolites and reactions of 
MAP in man, guinea pig and rat 26 

I - IV. Pharmacokinetic parameters of MAP in 
humans 29 

I - V. Pharmacokinetic parameters of MAP in 
rats 34 

I - VI. Plasma proteins which typically bind 
to drugs 41 

I - VII. Species difference in plasma protein 
binding of amphetamine 49 

III - I. Time for d - MAP to reach equilibrium 66 

III - II. Comparison of unbound fractions (fu) 
of d - MAP using equilibrium dialysis 
and ultrafiltration 68 

III - III. Comparison of fu of d - MAP at different 
centrifugal times and speeds 7 0 

III - IV. Blood/Plasma ratio of d - MAP as a 
function of concentration 82 



9 

LIST OF TABLES (Continued) PAGE 

III - V. Plasma protein binding of d - MAP as 
a function of concentration 83 

III - VI. Blood/Plasma ratioof d - MAP in the 
presence of 1 - MAP 77 

III - VII. Plasma protein binding of d - MAP in the 
presence of 1 - MAP 78 

III - VIII Blood/Plasma ratio of d - MAP as a 
function of pH 82 

III - IX. Plasma protein binding of d - MAP as a 
function of pH 84 

III - X. Ka values for HSA determined at various 
concenterations of d - MAP 89 

III - XI. Ka values for AGP determined at various 
concentrations of d - MAP 92 



10 

LIST OF ILLUSTRATIONS 

FIGURE PAGE 

1 - 1 .  S t r u c t u r e  o f  M A P  1 4  

1 - 2 .  P r o b a b l e  p a t h w a y s  o f  m e t a b o l i s m  o f  M A P  2 5  

1 - 3 .  U r i n a r y  e x c r e t i o n  o f  M A P  a n d  a m p h e t a m i n e ,  
urinary pH and urinary output after oral 
administration of MAP to human subject 28 

1 - 4 .  P l o t  o f  " t o t a l "  r a d i o a c t i v i t y  o f  M A P  a n d  
it's metabolites vs. time after an oral 
dose to rat 31 

1 - 5 .  C o r r e c t e d  p l o t  o f  d  -  M A P  c o n c e n t r a t i o n s  
vs. time after an oral dose to rat 32 

1 - 6 .  C o r r e c t e d  p l o t  o f  d  -  M A P  c o n c e n t r a t i o n s  
vs. time after an i.v. dose to rat 3 3 

1 - 7 .  A  t y p i c a l  R o s e n t h a l  p l o t  4 0  

3 - 1 .  P l o t  o f  B l o o d / P l a s m a  r a t i o  o f  d  -  M A P  a t  
different time intervals, at 37 °C 67 

3 - 2 .  P l o t  o f  u n b o u n d  f r a c t i o n  o f  d  -  M A P  i n  
human plasma using the method of 
ultrafiltration at different times and 
speeds at 37 "C 69 

3 - 3 .  P l o t  o f  B l o o d / P l a s m a  r a t i o  o f  d  -  M A P  a s  
a function of concentration at 37 °C 73 

3 - 4 .  P l o t  o f  f u  o f  d  -  M A P  a s  a  f u n c t i o n  o f  
concentration at 37 * C 75 



11 

LIST OF ILLUSTRATIONS (Continued) PAGE 

3 - 5 .  P l o t  o f  B l o o d / P l a s m a  r a t i o  o f  d  -  M A P  
in the presence of different concentrations 
of 1 - MAP at 37 ° C . 78 

3 - 6 .  P l o t  o f  f u  i n  t h e  p r e s e n c e  o f  d i f f e r e n t  
concentrations of 1 - MAP at 37°C 80 

3 - 7 .  P l o t  o f  B l o o d / P l a s m a  r a t i o  o f  d  -  M A P  a s  
a function of pH at 37 °C 83 

3 - 8 .  P l o t  o f  f u  o f  d  -  M A P  a s  a  f u n c t i o n  o f  
pH at 37°C 85 

3 - 9 .  P l o t  o f  l / f u  v s .  f r a c t i o n  u n i o n i z e d  ( f ° )  
of d - MAP at different pH's at 37"C 86 

3 - 1 0 .  P l o t  o f  [ D b ]  v s .  [ D b ] / [ D f ]  ( R o s e n t h a l  p l o t )  
for d - MAP binding to HSA 87 

3 - 11. Plot of [Db] vs. [Db]/[Df] (Rosenthal plot) 
for d - MAP binding to AGP 90 

4 - 1 .  P r o b a b l e  p a t h w a y s  f o r  d  -  M A P  b i n d i n g  t o  
plasma andRBC 98 

4 - 2 .  P l o t  o f  R B C / P l a s m a  r a t i o  v s .  p H  1 0 0  

4 - 3 .  P l o t  o f  R B C / P l a s m a  r a t i o  n o r m a l i z e d  f o r  f u  

vs. pH 102 



12 

ABSTRACT 

Methamphetamine is a sympathomimetic drug with CNS, 

cardiovascular and anorectic effects. We examined the Blood 

to Plasma (Blood/Plasma) partitioning and plasma protein 

binding (PB) of d - Methamphetamine (d - MAP) , using whole rat 

blood. The mean Blood/Plasma ratio was around 1.2 and the 

fraction unbound (fu) was 0.8. Further, we studied the 

influence of concentration, pH and the presence of 1 - MAP on 

the Blood/Plasma ratio and PB of d - MAP. There was no 

significant change in the Blood/Plasma ratio and the PB values 

at different concentrations of d - MAP or in the presence of 

1 - MAP. There was a alight increase in the Blood/Plasma 

ratio and a slight but insignificant decrease in fu with pH. 

The equilibrium binding constants (KA) of d - MAP with human 

serum albumin and -acid glycoprotein were also determined 

and they were found to be 213 and 2461 M'1 respectively. 
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Chapter l 

INTRODUCTION 

Methamphetamine (MAP), is a member of the amphetamine class 

of drugs and is a sympathomimetic phenethyl amine derivative 

with significant central nervous system (CNS) activity (Gilman 

1990). Structurally, MAP is a secondary amine (see Figure l -

1) and is chemically known as N, a - dimethylbenzene 

ethanamine. It has a molecular weight of 149.24, and a pKA of 

9.9. It's boiling point is 212 C and is soluble in alcohol 

chloroform and diethyl ether (Sunshine,1969). It absorbs u.v. 

light at a wavelength range of 257 - 263 nm,. with a maximum 

absorbance at 257 nm (Sunshine,1969) . Due to the presence of 

an asymmetric carbon atom on the molecule, there are two 

optically active forms of MAP, i.e., d - and 1 - MAP. 

The amphetamine and related group of phenylisopropylamines 



A >—CH2CHCH3 

NHCH3 

METHAMPHETAMINE 

Fig. 1-1. Structure of MAP. MAP has an assymetric 
carbon atom (*). Therefore, there are two 
optically active isomers, d - and 1 - MAP. 
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have been known as stimulants for centuries. Amphetamine was 

introduced in 1932 (Snyder 1986) as a synthetic analog of 

ephedrine and was used as a bronchodilator for treatment of 

nasal and bronchial congestion associated with colds. At one 

time amphetamine was commercially available as an inhaler 

(Griffith 1977) , containing 250 mg of drug. The drug was used 

to treat narcolepsy and as an anorectic for weight reduction. 

Methamphetamine was introduced at about the same time as 

amphetamine and has comparable bronchodilator effects but is 

more potent in it's psychostimulant actions (Cho 1990). Both 

drugs, are used recreationally, but a new dosage form and 

route of administration of MAP called 'ice' has been 

introduced and this presents new hazards, which will be 

discussed in more detail in a later section. 

Although there is a considerable body of literature 

concerned with the pharmacology and mechanism of action of 

MAP, there is little information regarding it's disposition in 

the body, i.e., more information is needed on the absorption, 

metabolism, distribution and excretion, in order to relate 

response to disposition and to develop insights into methods 

of treating toxicity. 

In this chapter, various important characteristics of this 

drug will be presented, including the pharmacology, clinical 
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usage, abuse and toxicity and finally the pharmacokinetics and 

the objectives of this research study. 

Pharmacology 

It has been reported that the amphetamines affect the 

presynaptic terminal of catecholamine (CA) neurons. 

Amphetamine and other phenylisopropylamines are called 

indirect agents because they exert their effects through the 

release of CA neurotransmitter, rather than by acting directly 

on CA receptors (Gilman 1990). The CA neurotransmitters , 

norepinephrine and dopamine, are found in the peripheral and 

central nervous systems. In the peripheral nervous system, 

norepinephrine is the neurotransmitter of the sympathetic 

nervous system, stimulation of which initiates a complex 

series of events in preparation for an emergency (the " fight 

or flight " situation), which includes bronchodilation and 

increased heart rate, cardiac output and blood pressure. In 

the CNS, the CA dopamine is associated with mood, excitation, 

motor movements and regulation of appetite (See Table I - I) . 

The amphetamines exert their actions on these systems by 
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Table I - I. List of Central and Peripheral Effects Stimulated 

by MAP 

Central Effects Excitation of mood, 

increased motor movements, 

regulation of appetite. 

Peripheral Effects Bronchodilation, increased 

heart rate and cardiac 

output, increased blood 

pressure. 
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causing neurotransmitter release from the presynaptic 

terminal, resulting in stimulation of the postsynaptic 

receptor. MAP and related compounds interact with several 

components of the CA terminal, the vesicular storage system, 

and monoamine oxidase (MAO). MAP can be taken up by the 

pre - synaptic nerve terminal and can inhibit the storage of 

dopamine by vesicles. It also prevents degradation of MAO, 

thereby increasing the levels of this neurotransmitter (Cho 

1990). The d - isomer is two to five times more potent than 

the 1 - isomer in terms of the CNS action whereas the 1 -

isomer has more potent peripheral actions (Gilman 1990). 

This stereoselective effect could be due to selective 

receptor binding or selective uptake of the d - enantiomers 

(Gilman 1990). 
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MAP is commercially available in the hydrochloride form 

as Desoxyn (Gradumet), as 5 mg conventional tablets and as 

5, 10 and 15 mg of the sustained release dosage form. It is 

typically used to stabilize children over six years of age 

with "attention deficit disorder syndrome" (ADDE). This 

syndrome includes moderate to severe distractibility, short 

attention span, hyperactivity and emotional lability and 

impulsivity. MAP is also used as an anorectic agent for 

patients as a final measure in the weight reduction program. 

Even though the use of this drug is fairly restricted, the 

need for stronger control is becoming clearer - the reason 

being it's potential for abuse and adverse effects. Adverse 

effects of MAP include include elevation of blood pressure, 

tachycardia and palpitation. Psychotic episodes have rarely 

been reported at recommended doses. Dizziness, dysphoria, 

overstimulation, euphoria, insomnia, tremor, restlessness 

and headache are some of the adverse CNS effects. There 

could also be some GI disturbances like diarrhea, 

constipation, dryness of mouth, etc. (see Table I - II). 

Tolerance to MAP develops very rapidly and there is a great 

deal of abuse potential associated with this drug (Gilman 



20 

Table I - II. List of Adverse Effects of MAP 

Central Nervous System Dizziness, dysphoria, 

overstimulation, euphoria, 

insomnia, tremor, 

restlessness, headache. 

Gastrointestinal System Diarrhea, constipation, 

dryness of mouth. 

Cardiovascular System Arrythmias, hyper or 

hypotension, circulatory 

collapse. 
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1990, Cho 1990). In recent years, MAP has become 

extensively misused. This compound which is easily 

synthesized (Budvari, 1989) (condensation of phenylacetone 

and methylamine), is known by a variety of street names : 

"crank", "speed", "meth", "crystal", "go fast", "zip", 

"chris", "christy" and more recently, "ice". The latter is 

the pure crystalline hydrochloride salt of HAP, which is 

generally used in the smokeable form. A number of popular 

lay periodicals e.g., Newsweek 1989 and Time 1989, and 

professional journals (Zurer in Chem. Eng. News 1989 and Cho 

in Science 1990) have reported on the entry of "ice" as the 

latest drug of abuse. The compound has become the number 1 

problem in Hawaii, and there is concern that it is going to 

be "the drug of abuse of the 90s" (Cho 1990). A National 

Institute on Drug Abuse (NIDA) survey indicates that the 

drug is taken intravenously (i.v.), nasally, orally and by 

smoking. The smoking route is gaining immense popularity. 

This route allows drug to be rapidly absorbed into the blood 

stream, crossing the blood brain barrier into the central 

nervous system, bypassing the first pass effect of the 

liver, which would otherwise reduce the proportion of drug 

entering the brain. It has been found that the pyrolysis 

products obtained upon smoking MAP can be converted to MAP 
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in the body (Sekine 1987). Therefore, abusers have found 

that smoking MAP gives a response similar to that of an i.v. 

dose without the risks involved with using a syringe. There 

has been an increase of over 110% in the number of emergency 

room visits associated with MAP use between 1985 and 1987 

(National Institute on Drug Abuse report, 1988). Further, 

there has been a 117% increase in the number of deaths due 

to MAP between 1985 and 1986 and this rate is on the 

increase. Thus, MAP is steadily becoming the most notorious 

drug of abuse and toxicity cases are on the increase. MAP 

causes a number of effects which are sought by the abuser 

like a sense of increased energy, self confidence,and well -

being, heightened awareness, loss of appetite and euphoria 

(Cho 1990). Amphetamine may be abused by those who want to 

stay awake, athletes who want to perform better, obese 

people who want to lose weight, and by some compulsive 

users. The compulsive users use the i.v. route over a 

period of days to weeks, referred to as "speed runs" (Kramer 

1967). They experience a "flash" or a feeling of intense 

pleasure which occurs briefly. To regain this sensation the 

dose would have to be repeated several times, sometimes 

higher doses would have to be taken, since tolerance 

develops rapidly. Doses of up to 15 g a day, in divided 
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doses have been reported (Kramer 1967) to be taken by 

abusers over a 24 hour period. A "speed run" usually lasts 

for 24 - 48 hours, during which time the subject would not 

sleep or eat due to the CNS effects of the drug. At the end 

of this "run" the subject usually sleeps continuously for 

days and wakes up depressed and hungry (Kramer 1967). An 

amphetamine psychosis similar to schizophrenia could occur 

during a "run" (Bell 1965). This may be a concern since it 

could make the subject a particular social danger and could 

also cause psychological damage and dysfunction. A final 

long term concern to society is the increasing number of 

children born to "ice" addicts. These children referred to 

as "ice babies" appear not to bond well and have a potential 

of becoming sociopaths. 
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Metabolism of MAP 

The metabolism of the Amphetamines has been 

extensively studied in a number of animal species, including 

human subjects (Caldwell, 1972). The different pathways of 

metabolism are illustrated in Fig 1-2. N - demethylation, 

aromatic hydroxylation and aliphatic hydroxylation are the 

three main pathways of metabolism. Table I - III contains a 

summary of the metabolites of MAP in the urine of man, guinea 

pig and rat, and an estimate of the above three reactions. 

There is a definite difference in the metabolism of MAP in the 

three different species. In man, almost 23% of the drug is 

excreted unchanged whereas in the rat and the guinea pig, 

aromatic hydroxylation or N - demethylation respectively, are 

the major pathways of metabolism (See Table I -III). In 

additon, it is found that certain metabolic pathways are 

stereospecific. For example, the N - demethylation step is 

favored by d rather than 1 - MAP in humans (Beckett and 

Rowland 1965) and the p - hydroxylation step also favors the 

d - isomer, in the rat (Caldwell, 1972). In all three 

s p e c i e s ,  a b o u t  9 0  %  o f  t h e  d r u g  w a s  e x c r e t e d  w i t h i n  2 - 4  
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Fig 1-2 Probable pathways of metabolism of MAP. The main metabolites in rat are (II), (III), and (VI), in the 
guinea pig, the main metabolites is (VIII) with some (VII) and in man, the main metabolites are (I) and 
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% of dose 

Species ... Man Guinea pig Rat 

Dose(mg/kg) ... 0.29 
r 

10 45 45 

Route of administration ... Oral Intraperitoneal Oral 

Metabolite in urine 

Methamphetamine (I) 23 0.5 3 11 

Amphetamine (IV) 3 4 13 3 

Norephedrine (VII) 2 1 19 0 
4-Hydroxymethamphetaniine HI) 15 0 0 31 
4-Hydroxyamphetamine (III) 1 0 0 6 

4-Hydroxynorephedrine (VI) 2 0 0 16 

Benzoic acid (VIII) 5 63 31 4 
Benzyl methyl ketone precursor 1 11 2 

Total 52 79.5 68 71 

Reactions 
Unchanged 23 0.5 3 11 
Aromatic hydroxyiation 18 0 0 53 
Demethylation 14 79 64 28 
j3-Hydroxylation 4 1 19 16 
Deamination 6 74 33 4 

Table I - III. Summary of metabolites and reactions of HAP in 
man, guinea pig and rat (Caldwe11 1972) . 

ro 
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Pharmacokinetic Studies in Human Subjects 

Urinary pharmacokinetic studies on MAP were performed in 

normal human subjects by Rowland and Beckett (1965). The 

investigators found that the excretion of MAP was highly 

dependent on urine pH. When the pH of urine was acidic, (a 5) , 

the th was shorter and the clearance much higher than when the 

pH of urine was alkaline (« 11) (see fig 1 - 3) . It is 

believed that this difference in half - life is due to the 

passive reabsorption of MAP at alkaline pH, thereby decreasing 

the amount of drug eliminated by the kidney (Milne, 1958). 

The t^ of MAP is around 4 hr when the pH of urine is 

maintained acidic (« 5) (see Table I -IV). 

There is one study (Cook 1990), where the blood levels of 

d - MAP were measured before and after multiple oral dosing of 

MAP. A one compartment pharmacokinetic model with a first 

order absorption phase was used to analyze the plasma 

concentrations of each subject. The elimination half - life 

was around 8 hr, with a range of 4 - 15 hr. The reason for the 

high variability in th of MAP could possibly be due to lack 

of urinary pH control. The pharmacokinetic parameters i.e., 

t-h, clearance (CI), volume of distribution etc. have been 



Fig 1-3. Urinary excretion of MAP (_•_) and Amphetamine 
(— *—), urinary pH and urinary output after oral 
administration of 11 mg of MAP to a human 
subject (Rowland and Beckett, 1965). 



Table I - IV. Pharmacokinetic Parameters of MAP in Humans. 

Reference Route Detection 
Method 

Urine pH T h  (hr) CI 
(1/hr.kg) 

Beckett 
(1965) 

Oral Gas 
Chromatog 
raphy 
(G. C.) 

Acidic 
(5) 

4 — 

Cook 
(1990) 

Oral G.C. 7 4 - 1 5  
(avg. 8) 

0.43 

Cook 
(1990) 

Multiple 
Oral 

G. C. o  4 - 1 5  
(avg. 8) 

0.43 

to 
vo 
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summarized in Table I - IV. 

Pharmacokinetic Studies in Animals 

Sakai et al (1982, 1983, 1985) have studied the 

distribution and elimination kinetics of MAP in the rat after 

i.v., oral and multiple oral dosing. MAP was found in high 

concentrations in brain, liver, testis and fat after multiple 

oral dosing . The investigators have reported that MAP 

behaves according to a multicompartment disposition, with a 

very fast distributive phase, (« 7 min) followed by an 

elimination half - life of « 11 hr. There is evidence of 

enterohepatic cycling of MAP in the rat. These studies 

contained experimental design flaws and faulty analysis 

techniques. For example, the investigators used total 

radioactivity instead of unchanged drug concentration (fig 1 -

4), no control of urine pH, etc. We therefore replotted the 

data for the unchanged drug for both the i.v. and the oral 

dose situation (see Figure 1-5 and 1 - 6) . Values of CI, 

t^, and Vd are summarized in Table I - V. There was a 

discrepency in the th value of MAP obtained by the 

investigators in the i.v. study. Although they report the 

elimination th as 11 hr we calculate it to be =s 26 hr. This 

finding is surprising and no explanation can be found for it. 
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00 
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H m e  a f t e r  d o & i n g ( h )  

Fig L - 4 . Plot of "total" radioactivity of MAP and it's 
metabolites vs. time after an i.v. dose of 2.5 
rag/kg (Sekine 198 5) to rat. Here, the authors have 
plotted total radioactivity instead of plotting 
only parent drug, MAP. 
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Fig 1-5. Corrected plot (Sakai 1985) of d - MAP 
after an i.v. dose (2.5 nig/kg) to rat. 
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Figure 1-6. Corrected plot (Sakai 1982) of d -
MAP after an oral dose (2.5 mg/kg) to rat. 



Table I - V. Pharmacokinetic Parameters of MAP in Rat. 

Reference Route Detection 
Method 

Urine pH T!s (hr) CI 
(1/hr.kg) 

Vd (1/kg) 

Sakai 
11982) 

Oral Thin 
Layer 

Chromatog 
raphy 

(T.L.C) 

-p 11 2.48 

Sakai 
(1985) 

I. V. T.L.C. 7 lla, 26b 1.21 47.5 

a - reported 
b = calculated 
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We thus find that there are experimental flaws in most 

pharmacokinetic studies done to date. In addition, enantiomer 

specific kinetics is very important for understanding the true 

disposition of MAP, especially since the two isomers exert 

such different pharmacological effects (Gilman 1990). These 

studies have never been done before, primarily because of lack 

of a good analytical technique to separate the two isomers. 

Thus, we find that there is a lack of information regarding 

stereoselective MAP pharmacokinetics. 
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Theory of Plasma Protein Binding 

Drugs bind to various proteins present in the plasma, 

erythrocytes and tissues. This binding could dramatically 

influence various pharmacokinetic and pharmacodynamic actions 

of a drug. Understanding plasma protein binding is important 

in interpreting various pharmacokinetic parameters such as 

clearance, half life, volume of distribution, concentration at 

steady state and also in predicting factors that might alter 

drug disposition. The conventional, most simple model of drug 

transport assumes that the process is passive and is governed 

by the unbound drug concentration. This may be an overly 

simplistic assumption, but if true, then protein binding has 

a significant role in drug transport in the body, and 

ultimately in reaching the receptor at the site of action 

(Svensson 1985). 

The aim of studying protein binding is to determine the 

binding affinity, the number of binding sites and the various 

factors governing binding (concentration of drug, pH etc.) 

(Scatchard 1949). Our ultimate goal is to determine the 

influence of drug - protein binding on the distribution, 

metabolism and elimination of MAP. 



The interaction between drug 

the following mass - balance 
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and protein can be described by 

relationship: 

;=* [*-*>] (l) 

(where [Pf] is the molar concentration of free protein, [Df] 

is the concentration of free drug and [P -D] is the molar 

concentration of the drug - protein complex. At equilibrium, 

the association constant , Ka is expressed as: 

(2) 

The total protein concentration, [Pt3 can be expressed as: 

Rearranging equation (2) to solve for [P -D] and substituting 

into equation (3): 
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Let v be defined as the ratio of the moles of drug bound/mole 

protein, then, *v" can be expressed as: 

(5) 
[/•.i 

Since: 

it follows that: 

[D^[P-D\=Ka[PfiD} (6) 

a) 

[P fhKa[P}[DJ 1 +Ka[DF] 

For 1 n1 identical binding sites: 

- "KADI 
v= (8) 

i 

Further transformation of this equation gives 

-J±=nKa[pyw^ka 
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If [Db]/[Df] is plotted vs [Db] the slope would be equal to Ka, 

the y - intercept would be n.Ka[Pt] and the x - intercept would 

be n.[Pt].This is the typical Rosenthal plot (Rosenthal 1967) 

(see Figure 1 - 7). 

Plasma proteins typically involved in drug - protein 

interactions are shown in Table I - VI. The two most 

important proteins present in the plasma which are involved 

in binding are albumin and a.,- acid glycoprotein (AGP) . 

Albumin constitutes 60% of the total serum protein and occurs 

at normal concentrations of 4 g/dl in human subjects. It 

consists of 585 amino acid residues and has a molecular weight 

of around 69,000 (Kragh - Hansen 1981). The isoelectric 

point of albumin is around 4.9, therefore the molecule has a 

net negative charge at physiologic pH (7.4). However, it is 

capable of binding molecules in any charge state (Svensson 

1985). Numerous disease states have been shown to be 

associated with lowered albumin concentrations in the serum 

such as burns (Bowdle 1980), cancer (Abramson 1982), and liver 

diseases (Wood 1978). In addition, aging and pregnancy may 

also reduce serum albumin concentrations (Jusko 1976). 

The second important plasma protein is AGP, also known as 

orosomucoid. It is an acute phase reactant with a molecular 

weight of 44,100 and is composed of a single polypeptide chain 



s l o p e  ; * K  

Fig 1 - 7. A typical Rosenthal plot is illustrated 
here. [Db]/[Df] is plotted vs. [Db]. The 
slope is -KA, the y - intercept is 
n-KA>[pT] and the x - intercept is n.[PT) 
(Rosenthal, 1967). 
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Table I - VI. Plasma proteins which typically bind to drugs 

(Svensson, 1985) 

Protein Molecular 

Weight 

Normal 

Concentrations 

( g / D  

Normal 

Concentrations 

(micromolar) 

Albumin 6 7 , 0 0 0  3 5  -  5 0  5 0 0  -  7 0 0  

a, - Acid 

glycoprotein 

4 2  , 0 0 0  0 . 4  -  1 . 0  9 - 2 3  

j Lipoproteins 2 0 0 , 0 0 0  -

2 , 4 0 0 , 0 0 0  

Variable Variable 

Cortisol 

! Binding 

i Globulin 

(Transcortin) 

5 3 , 0 0 0  0 . 0  3  -  0 . 0 7  0 . 6  -  L . 4  
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of 204 amino acids (Kawai 1973) . Many factors have been shown 

to influence AGP plasma concentrations, which normally average 

about 80 mg/dl. For example, it has been reported (Svensson 

1985) that individuals who suffer a major traumatic injury, 

such as automobile accident and gunshot wound experienced a 

200 - 400 % increase in serum AGP concentrations. Similarly, 

AGP concentrations increased 50 - 100% in the first five days 

following myocardial infarction (Routledge 1981). This protein 

plays an important role in the binding of basic drugs (Piafsky 

1977) . 

Determination of the Binding Constant of A Partially Ionized 

Drug 

Most drugs exist in the partially ionized form at 

physiologic pH. It is possible for both unionized and the 

ionized species of the drug to bind to plasma proteins. A 

method has been proposed for the determination of the binding 

of a partially ionized drug and the corresponding KA values 

(Mayersohn, unpublished). This method is simple to use, the 

derivation is presented as follows: 

As stated previously, the basic drug - protein interaction can 

be represented as follows, where [Pf] is the concentration of 

free protein, [Df] and [D+f] are the concentrations of the 
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unionized and ionized drug species respectively, and [D - P] 

and [ D+ - P] are the concentrations of drug - protein 

complexes for the respective species. 

[dj+[pj\^=?[d-p] (10) 

W;MP f)^Zl [D+-P] (11) 

At equilibrium, the equilibrium constants for the unionized 

species, KAU and the ionized species, KA', can be represented 

as follows: 

Ku [D-P] 

and 

AT> £- (13) 

Let f° be the fraction of the drug unionized at a given plasma 

pH, then, 
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lDJ\=r.[Cu] (14) 

Here, [Cu] is the unbound drug concentration. 

It therefore follows that, 

[D/]=(1-/«).[CJ (15) 

where (1 - f ) is the fraction ionized. 

The total drug concentration, [CT] , can be represented as: 

[CTMD^[D}]+[D f-PMD}-P] (16) 

Let fu be the unbound fraction of drug, then fu can be 

represented as: 

[crl [CvV[D rP^[D}-P] 

From equations (12) and (13) , fu can be represented as: 

(18) 

Ki\D^P}+K'Alp;UP}+lCu\  

Substituting equations (14) and (15) in equation (18) , we get: 
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a=—; ; (19) 

Simplifying equation (19), we get : 

Let, 

f«= : ; ; (20) 
ra^up^K^up^MKAUP^i 

kz[pj\=ku (21) 

and 

k'ap^k, (22) 

Then, equation (20) can be written as: 

fu= (23) 
/°.(Ku-K fhK / +l  K  

Rearranging equation (23), we get: 

l=/°(Jf.-J9+(l+i9 (24) 
J U 

Therefore, a plot of l/fu vs. f°, gives ay- intercept of 

(1 + Kf) and a slope of (Ku - Kf) . Thus, we can calculate the 

values of the equilibrium association constants for both the 
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unionized and ionized species of a given drug, using the above 

method. 

Theory of Blood to Plasma (Blood/Plasma) Partitioning 

Drug present in the blood distributes into the plasma and 

also to some extent into the erythrocytes (Wilkinson 1987). 

It is possible that the drug present not only in the plasma 

but also in the erythrocyte is available for elimination by 

the clearing organ. Therefore, when physiologic 

interpretation is placed on clearance, it is better to 

consider blood rather than plasma clearance. Exceptions to 

this could be cases where the drug binds exclusively to 

plasma, where the rate of equilibration of erythrocyte is 

sufficiently slow such that there isn't sufficient 

reequilibration during organ transit. It is believed that drug 

distribution into the erythrocyte is governed by non - ionic 

diffusion (Schanker 1961). Therefore, a drug with higher 

lipid solubility would diffuse more favorably across the 

erythrocyte membrane. The time to reach equilibrium between 

plasma and erythrocytes for a drug with a high partition 

coefficient may be relatively fast compared with a more polar 

compound. 

From mass balance considerations (Wilkinson, 1987) : 
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—=(l-H)+H—S£ 
P Cp  

(25) 

This equation indicates that the blood to plasma 

(Blood/Plasma) ratio is related to the hematocrit, 'H', the 

red blood cell concentration 'c^1 and the plasma concentration 

of drug, 'Cp1. 

statement of the Problem 

Due to the paucity of literature information regarding MAP 

pharmacokinetics, a study was designed to examine the 

disposition kinetics of the pharmacologically active d -

enantiomer of MAP. In order to properly charecterize 

disposition we decided to determine the Blood/Plasma ratio and 

the plasma protein binding (PB) of d - MAP. 

There have been no estimates of the plasma protein binding 

or the blood to plasma ratio of MAP. However, some studies 

have been conducted with amphetamine, which suggest that 

around 20% of the drug binds to plasma under physiologic 

conditions (Franksson 1969, Baker 1972). A species difference 

has also been noted in PB of amphetamine (Baggot 1972) (See 
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Table I - VII). In this case, equilibrium dialysis was the 

method used to determine PB though no corrections had been 

made for the occurrence of volume shifts. We studied the PB 

and the Blood/Plasma ratio of d - MAP, using tritiated (3 H ) 

d - MAP, provided by the National Institute on Drug Abuse. 

The specific objectives of our study will be discussed in the 

following paragraphs. 

The time for d - MAP to reach equilibrium between the RBC's 

and the plasma had to be determined to choose an appropriate 

equilibration time for the rest of the studies. Since MAP is 

highly lipophilic, it should pass the RBC membrane rapidly 

and reach equilibrium. 

The concentration dependence of the Blood/Plasma ratio and 

the plasma PB is also a basic question that needed to be 

answered. The concentrations used were 0.1 to 10 /ig/ml, which 

are the concentrations seen in human subjects after an 

anorectic dose. This study enabled the determination of 

whether the binding and partitioning was linear in this 

concentration range. 

Blood pH is relatively constant under normal physiologic 

condition, however, it has been shown to vary under certain 

conditions (Guyton,1987). Altered blood pH is likely to alter 

the percent ionization of a weak base, which could result in 



Bound amphetamine Plasma protein 
(%) concn (g/JOO ml) 

Species 
(no.) Mean S. E. M. Mean S. E. M. 

Goat (12) 40-7 1-7 6-6 0-3 
Swine (6) 39-6 30 6-4 0*6 
Monkey (11) 40-2 0*7 7-8 0-2 
Rat (4) 40-5 30 6-1 0*8 
Rabbit (4) 3 1 0  2-9 5-5 0-3 
Dog (17) 27-1 1*5 6-7 0-3 
Cat (12) 26-4 1-2 7-3 0-2 
Pony (9) 25-3 2-6 7-5 0-3 
Opossum (4) 26-0 40 6-8 0-4 
Mouse (5) 17-2 3-5 
Human (7) 16-2 2-3 6-3 01 
Chicken (6) 14 5 0-9 30 0-3 

* Amphetamine concn., 1 x 10~6 M. 

Table I - VII. Species difference in plasma protein binding 
of Amphetamine (Baggot, 1972). Protein 
binding was determined at 37"c using the 
method of equilibrium dialysis, in each case. 
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a change in the Blood/Plasma partitioning as well as plasma PB 

of MAP. The effect of pH on the Blood/Plasma partitioning and 

plasma PB was therefore studied. 

We also studied the effect of addition of the 1 - isomer on 

the Blood/Plasma ratio and the plasma PB of d - MAP since 

there was a possiblity that the 1 - isomer competed for the 

same binding sites on the protein, thereby affecting the 

binding characteristics of the d - isomer. 

Some pure protein binding experiments were also performed 

to determine the equilibrium association binding constant, 

Ka, for human serum albumin and AGP. 



Chapter 2 

5 1  

EXPERIMENTAL 

A. Collection Of Blood 

As discussed in the previous section, the purpose of this 

investigation was to characterize the basic blood binding 

parameters of d - MAP, the isomer with more potent CNS 

effects. These experiments will allow assesment of the 

distribution of the drug into the red blood cells, the extent 

of plasma protein binding and examination of factors that may 

influence binding. 

Fresh heparinized blood (heparin content, 169 U /10ml) was 

collected from healthy male Sprague Dawley rats (200 - 300 g) 

using the "aortic stick" method. Basically, this method 

involves withdrawing blood through the abdominal aorta of an 

anesthetized rat (diethyl ether was used as an anesthetic) via 

a syringe containing heparin (sodium heparin was obtained from 

porcine intestinal mucosa, batch # 380135, Sigma Chemical Co, 

St. Louis, MO.) Approximately ten mililiters of blood can be 
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withdrawn before the circulatory system collapses and the 

animal dies. After the blood is withdrawn, it is collected 

in glass tubes and gently shaken to ensure uniform mixing of 

the heparin with the blood. Furthermore, the blood was 

checked for absence of hemolysis. Hematocrit was also 

measured by collecting blood in microcapillary tubes and 

centrifuging the tubes. The hematocrit values were determined 

by taking the ratio of the RBC volume to the whole blood 

volume. The blood was stored at 37°C immediately upon 

collection before the initiation of the experiment. 

B. Determination of Time to Reach Equilibrium for d - MAP 

Blood was collected from male Sprague Dawley rats, as 

discussed in part A. The pH of blood was measured at the 

beginning of the experiment. Forty microliters of radioactive 

d - MAP ( batch # 4920 - 58, radioscan 95%, isotopic dilution 

97.3% and activity 1.86 fiCi/mg, obtained from National 

Institute on Drug Abuse through Research Triangle institute, 

Research Triangle Park, N.C.) at a concentration 2.22 X 104 

dpm/ml, dissolved in methanol, was pipetted into three ml 

glass vials. The solvent was then evaporated at room 

temperature under nitrogen. One hundred microliters of non -
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radioactive d - MAP (batch # 2563 - 1022 - 145 B, obtained 

from National Institute on Drug Abuse through Research 

Triangle Institute, Research Triangle Park, N.C.) prepared in 

sorensen's phosphate buffer (1/15 M, pH 7.4), was pipetted 

into each of the vials to yield a final blood concentration of 

10 ng/ml d - HAP. The vials were then sealed tightly and 

vortexed for 3 0 sec for uniform mixing. Appropriate volumes 

of carbon dioxide gas were injected into the vials and 2 ml 

blood was immediately added and the tubes capped tightly. The 

carbon dioxide was added to maintain the pH of the blood at 

7.4 ± 0.05. These vials containing blood spiked with 

radioactive and non - radioactive d - MAP were then 

equilibrated (horizontal position) at a fixed speed (speed 2) 

in a culture growth rotator (Technilab Instruments, 

Pequannock, NJ) placed in an oven mantained at 37'C. The vials 

were equilibrated for different time intervals : 15 min, 30 

min, 1 hr and 2 hr. Immediately after equilibration, the pH 

of the blood was measured to ensure that it was approximately 

7.4. The blood was then pipetted into low ash cups with low 

ash plugs (Combusti - Pads, Packard Instrument Co.) The rest 

of the blood was centrifuged at 3000 rpm for 5 min. The 

plasma was then separated and a fixed volume was similarly 

pipetted into the ash cups and plugs. The blood and plasma 
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samples were placed in the refrigerator at -20°C until 

further analysis. Blood and plasma samples were burned in an 

oxidizer (Packard Tricarb Oxidizer) and the resulting 

tritiated H20 was trapped in the scintillation fluid 

(Monophase 40, Packard Instrument Co) . Known radioactive 

standards were prepared and burned intermittently to check the 

burning efficiency. The radioactivity of the final samples, 

after oxidation, were counted using a scintillation counter 

(Packard Tricarb Scintillation Counter, Model 4 60 C) . The 

Blood/Plasma ratio was calculated by taking the ratio of the 

disintegrations per minute obtained from the blood and the 

plasma sample, i.e., Blood/Plasma Ratio = disintegrations per 

minute in the blood sample /disintegrations per minute in the 

plasma sample. 

C. Validation of the Ultrafiltration Technique for Protein 

Binding 

The unbound fraction (fu) of d - MAP in human plasma was 

determined using the technique of equilibrium dialysis and 

ultrafiltration. One hundred and twenty microliters of 

radioactive d - MAP (concentration 5.55 X 104 dpm/ml) was 

spiked into ten mililiters human plasma, followed by addition 
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spiked into ten mililiters human plasma, followed by addition 

of nine hundred microliters of non - radioactive d - MAP 

dissolved in sorensen's phosphate buffer (1/15 M, pH = 7.4) 

to produce final concentration of 2 ptg/ml. This mixture was 

then uniformly mixed and the pH was adjusted to 7.4 by 

addition of carbon dioxide gas. The equilibrium dialysis cell 

(Spectra Dialyser, # 13 2 3 60, Spectrum Medical Industries, Inc. 

Los Angeles, CA) consists of two half cells, one of which was 

filled with plasma spiked with d - MAP and the other with 

Sorensen's phosphate buffer (1/15 M, pH 7.4). A membrane, of 

molecular weight cut - off, 12,000 - 14,000 Dalton separated 

the two half cells. After a defined dialysis time of 4 hr at 

37°C (determined to be the time to reach equilibrium for d -

MAP in plasma from preliminary studies), equilibrium was 

reached between the drug on the plasma side and the buffer 

side. After equilibration, a fixed volume of sample from 

both the plasma and buffer sides was pipetted into separate 

scintillation vials and ten ml of scintillation cocktail added 

(Liquiscint, National Diagnostics Co, Manville, NJ). The 

radioactivity in these samples was quantitated using the 

scintillation counter. The unbound fraction was then 

calculated as disintegrations per minute of sample on the 

buffer side / disintegrations per minute of the sample on the 
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plasma side. This part of the experiment was performed by Ms. 

H.C. Lee. 

Furthermore, we determined the fu of d - MAP using the 

method of ultrafiltration, at the same non radioactive 

concentrations as used in the equilibrium dialysis technique. 

In the method of ultrafiltration, the unbound drug is 

separated from the plasma phase by forcing it through a 

semipermeable membrane by centrifugal force (Sveensson 1985) . 

One hundred and twenty microliters of radioactive d - MAP 

(2.22 X 10 dpm/ml), dissolved in methanol, was pipetted into 

a vial. The solvent was evaporated under nitrogen at room 

temperature. One hundred and fifty microliters of 

nonradioactive d - MAP was then pipetted into the same vial 

and the mixture was vortexed for uniform mixing. Three ml of 

human plasma was then added into the vials and the pH of the 

plasma was adjusted to 7.4 with appropriate volumes of carbon 

dioxide gas. The human plasma spiked with d - MAP was then 

equilibrated for 15 mins in an oven maintained at 37°C. Three 

hundred microliters of this mixture was then pipetted into the 

ultrafiltration device (Amicon Centrifree MPS - 1 system, 

Danver, MA), capped tightly and centrifuged at 373 X g for 15 

min. The YMT 30 membrane was utilized for the filtration 

(molecular weight cut - off 30,000 Dalton). After 
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centrifugation, the filtrate collected in the lower reservoir 

was uniformly mixed and a fixed volume was pipetted and the 

radioactive counts measured in a manner similar to the one 

stated above. The unbound fraction (fu) was then calculated 

by determining the ratio of the radioactive counts of the 

plasma before filtration and the plasma water obtained, after 

filtration, i.e., fu = DPM of plasma water after filtration 

/DPM of plasma before filtration. The fu values obtained by 

the two methods, equilibrium dialysis and ultrafiltration, 

were compared. We also determined the fu values at different 

centrifugation speeds (373, 620, 1074 and 1548 X g) and times 

(10, 15, and 20 min at 1074 X g) using the ultrafiltration 

device. Also, the ultrafiltration device and membrane were 

checked for the absence of non - specific binding of drug. 

Radioactive d - MAP {120 /j.1) was pipetted into a vial and the 

solvent evaporated, as stated previously. Aqueous solutions 

of d - MAP were prepared in sorensen's phosphate buffer (1/15 

M, pH 7.4) to yield final concentrations of 0.1, 0.5, 1, 5 and 

10 /Lig/ml and pipetted into the respective vials. The solution 

was vortexed and then three hundred microliters of each 

concentration sample was pipetted into the centrifree tubes. 

The samples were centrifuged for 15 min at 373 X g and the 

percent of radioactive d - MAP recovered after filtration was 
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determined by measuring the radioactivity of the sample before 

and after filtration. 

E. Determination of the Concentration Dependence Of d- MAP 

on the Blood/Plasma Ratio 

Blood was collected from male Sprague Dawley rats as 

described in part A. The pH of the blood was checked at the 

beginning of the experiment. Eighty microliters of 

radioactive d - MAP (concentration 2.22 X 104 dpm/ml) 

dissolved in methanol was pipetted into three ml glass vials. 

The solvent was then evaporated under nitrogen. One hundred 

microliters of non - radioactive d - MAP, dissolved in 

sorensen's phosphate buffer (1/15 M) at pH 7.4 to yield final 

concentrations of 0.1, 0.5, l, 5 and 10 /xg/ml were then 

pipetted into the respective vials. Triplicate samples were 

prepared for each concentration. The vials were then sealed 

tightly and vortexed for 30 sec for uniform mixing. 

Appropriate volumes of carbon dioxide gas were injected in to 

the vials and blood was immediately pipetted into them and 

capped tightly. The carbon dioxide was added to maintain the 
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pH of the blood at 7.4 ± 0.05. These vials containing blood 

spiked with radioactive and non - radioactive d - HAP were 

then equilibrated for 15 min at 37 °C in a culture growth 

rotator as stated in part B. After equilibration, the pH of 

the blood was checked to ensure that it was approximately 

7.4. The blood / plasma ratio was further determined in a 

similar manner as stated above. 

F. Determination of Concentration Dependence of d - HAP on 

Plasma Protein Binding 

Blood was collected as stated previously. It was then 

centrifuged at 3000 rpm for 5 min. The supernatant plasma was 

then collected into glass tubes and stored at - 20"C until 

the time of experiment. Eighty microliters of radioactive d -

MAP (2.22 X 10 dpm/ml) was pipetted into vials and the 

solvent evaporated as described previously. One hundred 

microliter non - radioactive d - MAP was spiked into the same 

vials at the same concentrations as stated in part D and this 

solution was vortexed for uniform mixing. Two ml plasma was 

pipetted into these vials (triplicate samples were prepared 

for each concentration of d - MAP) and this solution was then 



60  

vortexed and equilibrated in an oven at 37 °C for 15 min. The 

pH of the plasma was then adjusted to 7.4 ± 0.05 using 

appropriate volumes of carbon dioxide. The method of 

ultrafiltration was used to determine plasma protein binding 

and the unbound fractions were determined at 37"C and pH 7.4, 

as stated previously. 

G. Determination of Effect of 1 - MAP on the Blood/Plasma 

Ratio and the Plasma PB of d - MAP 

Blood was collected as stated in part A. In this set of 

experiments, the same blood sample was used to determine 

Blood/Plasma ratio and plasma protein binding, in order to 

decrease the sample to sample variability and also to decrease 

the quantity of blood needed for the experiment. One hundred 

and twenty microliters of radioactive d - MAP was pipetted 

into vials and the solvent evaporated as in the previous 

cases. This was followed by addition of 100 pi of non -

radioactive d - MAP dissolved in Sorensen's phosphate buffer 

(1/15 M, pH 7.4) to yield a final concentration of 1 /ig/ml. 

Different concentrations of 1 - MAP (batch # 38 F - 05831, 

obtained from National Institute on Drug Abuse through 

Research Triangle Institute, Research Triangle Park, N.C.) 
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were prepared in Sorensen's phosphate buffer (1/15 M, pH 7.4) 

and 100 /zl were pipetted into each vial to yield a final 

concentration of 0.1, 0.5, 1 and 5 /xg/ml. Triplicate samples 

were used for each concentration of 1 - MAP. The control 

sample contained an equal volume of Sorensen's phosphate 

buffer (1/15 M) as 1 - MAP in the other samples. The solution 

of d - and 1 - MAP were uniformly mixed, carbon dioxide gas 

added to adjust the pH to 7.4 and three ml blood was 

immediately added. The vials were tightly sealed and 

equilibrated at 37 "C in a culture growth rotator as stated 

previously. Blood/plasma ratio was further determined as 

described in previous sections. The plasma obtained after 

centrifuging the blood was adjusted to pH 7.4 with carbon 

dioxide, and equilibrated for 15 mins at 37 °C. The unbound 

fraction was determined using the method of ultrafiltration as 

stated in previous sections. 

H. Determination of Effect of pH on the Blood/Plasma Ratio 

and Plasma PB of d - MAP 

The same blood sample was used for determining 

Blood/Plasma ratio and plasma protein binding. In this case, 

the same concentration and volume of radioactive d - MAP was 

pipetted into vials and the solvent evaporated, as stated in 
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previous cases. This was followed by the addition of one 

hundred microliters d - MAP to produce a final concentration 

of 1 jig/ml. The solution was uniformly vortex mixed. The pH of 

blood was altered from 6.8 to 7.8 by varying the volume of 

carbon dioxide added to each vial. The pH of blood was 

recorded after a 15 min equilibration in a culture growth 

rotator at 37"C. The Blood/Plasma ratio was determined as 

mentioned in part B. For the determination of plasma PB, the 

plasma sample corresponding to each individual blood sample 

had the same pH during the experiment. The fu was further 

determined at different plasma pH's as stated in previous 

sections. 

I. Estimation of ka for d - MAP using Human Serum Albumin 

As in all the previous experiments, radioactive d - MAP was 

added to vials and followed by addition of 100 /j1 of non -

radioactive d - MAP, to yield final concentrations of 0.1 -

1000 jig/ml. Human serum albumin (prepared from fraction V 

human albumin, batch # 117 F - 9931, obtained from Sigma 

Chemical Co., St. Louis, MO) at concentrations ranging from 

0.4 - 4 g/ dl were prepared in sorensen's phosphate buffer at 
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vials and uniformly mixed with the radioactive and non -

radioactive d - MAP. The fu value determination was further 

carried out as stated in part c. KA was determined graphically 

using the Rosenthal plot and the following basic equation 

assuming [PT] is about equal to and can be substituted with 

[pf] : 

l + K * .  [ P T ]  ( 2 6 )  

J. Estimation of KA for d - MAP Using ce.,- Acid Glycoprotein. 

This experiment was performed in a manner similar to Part 

H. In this case we used the YMT 10 membranes (molecular 

weight cut - off 10,000 D) membranes since the molecular 

weight of a1 - AGP is around 43,000 (Svensson, 1985). The 

membrane and ultrafiltration device were checked for non -

specific binding, as stated previously. The concentration of 

a, - AGP (purified from Cohn fraction VI, 99% purity, batch 

jt 29 F 9314, Sigma Chemical Co, St. Louis, MO) was 80 mg/dl 

(physiologic concentration), and the concentrations of d - MAP 

were 0.1 - 500 nq/ml. The KA value was calculated as in part 

H. 
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K. Statistical Analysis 

All statistical decisions were based on the one way 

analysis of variance (ANOVA) or linear regression of the data 

using a p value < 0.05 as the a priori level of significance. 

All statistical analysis were carried out using the MINITAB 

statistical package (Ott and Lyman). 
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Chapter 3 

Results 

A. Determination of Time to Reach Equilibrium 

As seen in Table III - I, the Blood/Plasma ratio at 

concentration 10 iig/ml of d - MAP is constant with time, that 

is, there were no significant differences at times 15 min, 30 

m i n ,  1  h r  a n d  2  h r .  T h i s  i s  i l l u s t r a t e d  i n  F i g u r e  3 - 1 .  

B. Validation of the Ultrafiltration Technique of Protein 

Binding 

The unbound fraction (fu) determined using the equilibrium 

dialysis method was 0.8 57 ± 0.020. We obtained similar fu 

values (See Table III - II) using the ultrafiltration 

technique. In addition, the fu values were determined at 

different speeds (see Figure 3-2) and centrifugal times. 

These were found not to be significantly different (Table III 

- III). Also, 99.7 ± 0.09 % of the drug was recovered, 

indicating that there was no non - specific binding of drug to 

the ultrafiltration device or membrane. We therefore decided 

to use the method of ultrafiltration, which is easier and 

faster than equilibrium dialysis (Sebille, 1990), to 

determine the protein binding of MAP. 
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Table III - I. Time for d - MAP to Reach Equilibrium 

Time (Hr) Blood/Plasma ratio of d -

MAP (n=l) 

0-25 1.34 

0.50 1.36 

1 1.30 

2 1.34 
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Figure 3-1. Plot of Blood/Plasma Ratio of d - MAP as a 
function of time. The solid line represents the 
linear regression of the data. Equation of the 
line is Y = 1.34, r = 0.2, p > 0.05. 
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Table III - II. Comparison of Unbound Fractions of d -

MAP Determined Using Equilibrium Dialysis and 

Ultraf iltration. 

Method Concentration 

(Mg/ral) 

fu ± S.D. (n) 

Equilibrium 

Dialysis 

2 0.857 ± 0.020 

(10) 

Ultrafiltration 2 0.839 ± 0.033 

(4) 
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Table III - III. Comparison of Unbound Fractions of d - MAP 

at Different Centrifugal Times and Speeds. 

Ultrafiltration 

Speed (g) 

Time (min) fu ± S.D (n = 3) 

373 15 0.852 ± 0.024 

620 15 0.8745 ± 0.0315 

1074 10 0.852 ± 0.0272 

1074 15 0.851 ± 0.0212 

1074 20 0.828 ± 0.025 

1548 15 0.833 ± 0.034 
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Figure 3-2. Plot of fu of d - MAP in human plasma obtained 
using the method of ultrafiltration at different 
centrifugal speeds at 37 °C. The solid line 
represents the linear regression of the data. 
The equation of the line is Y = 0.87, r =0.72, 
p > 0.05. 
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c. Determination of the influence of Concentration on d -

MAP Blood/Plasma Ratio. 

The Blood/Plasma ratio was determined at d MAP 

concentrations of 0.1, 0.5, l, 5 and 10 /ig/ml. The results 

are illustrated in Table III - IV. The mean Blood/Plasma 

ratio was 1.18 ± 0.044. There were no significant 

differences in the Blood/Plasma ratios as a function of 

concentration (see Figure 3 - 3). 

D. Determination of the Influence of Concentration on d -

MAP Plasma PB. 

There were no statistical differences as a function of 

concentration when the plasma protein binding was determined 

at the same concentrations as used in the Blood/Plasma 

experiment, 0.1 - 10 jug/ml ; (see Figure 3-4). The mean 

value of fu was 0.807 ± 0.028.(See Table III - V). 
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Table III - IV. d - MAP Blood/Plasma Ratio as a Function 

of Concentration. 

Concentration of 

d -MAP (ng/ml) 

Blood/Plasma Ratio 

± S.D. (n = 3) 

Coefficient of 

Variation (%) 

0.1 1.21 + 0.03 2.5 

0.5 1.20 ± 0.02 1.7 

1 1.17 ± 0.06 5.1 

5 1.21 ± 0.04 3.3 

10 1.14 ± 0.06 5.3 
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Fig 3-3. Plot of Blood/Plasma ratio of d - MAP as a function 
of concentration at 37°C. The solid line represents the 
linear regression of the data. The equation of the line is Y 
= 0.74 + 0.4 X, r = 0.79, p > 0.05. 
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Table III - V. Plasma Protein Binding of d -MAP as a 

Function of Concentration 

Concentration of 

d -MAP (jig/ml) 

fu ± S.D. (n = 3) Coefficient of 

Variation 

(%) 

0.1 0.84 ± 0.03 1.6 

0.5 0.81 ± 0.04 4.9 

1 0.77 ± 0.03 3 . 9 

5 0.80 ± 0.04 5.0 

10 0.81 ± 0.02 2.5 
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Figure 3 - 4. Plot of fy of d - MAP as a function of 
concentration at 37"C. The solid line represnts 
the linear regression of the data. The equation 
of the line is Y = 0.81, r = 0.4, p > 0.05. 
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E. Determination of the Effect of 1 - MAP on the Blood/Plasma 

Ratio of d - MAP 

The Blood/Plasma ratios of d - MAP, after addition of 1 -

MAP (0.5, l and 5 fig/ml), were determined and compared with 

the Blood/Plasma ratio of d - MAP without addition of the 1 -

isomer. There were no significant differences in the 

Blood/Plasma values (refer to Figure 3 - 5) , the mean value 

being 1.18 ± 0.035 (See Table III - VI). 

F. Determination of The Effect of 1 - MAP on the Plasma PB of 

d - MAP 

The plasma protein binding of d - MAP determined in the 

presence of the different concentrations of 1 - MAP is 

summarized in Table III - VII. There were no significant 

differences in the fu values (refer to Figure 3 - 6) , when 

compared to the control sample (no 1 - isomer). The mean fu 

was 0.81 ± 0.029. 
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Table III - VI. Blood/Plasma Ratio of d - MAP in the 

Presence of 1 - MAP. 

Concentration of 1 

-MAP 

Blood/Plasma 

ratio of d - MAP 

± S.D. 

(n = 3) 

Coefficient of 

variation 

(%> 

0 (control) 1.20 ± 0.04 3 . 34 

0.5 1.14 ± 0.01 0.7 

1 1.21 ± 0.06 4 . 95 

5 1.21 ± 0.03 2 . 48 
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Fig 3-5. Plot of Blood/Plasma ratio of d - map as 
a function of concentration of .1 - map 
at 37 °C. The solid line represents the 
linear regression of the data. The 
equation of the line is Y = 1.18, r2 = 
0.41, p > 0.05. 
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Table III - VII. Plasma Protein Binding of d - MAP in the 

Presence of 1 - MAP 

Concentration of 

1 - MAP (^g/ml) 

fu ± S.D. of d -

MAP 

(n =3) 

Coefficient of 

Variation(%) 

0(control) 0.82 ± 0.02 2.4 

0.5 0.81 ± 0.05 6.2 

1 0.8 ± 0.01 1.3 

5 0.82 ± 0.02 2.4 
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Fig 3-6. Plot of fu of d - MAP as a function of 
concentrations of 1 - MAP at 37°C. The 
solid line represents the linear 
regression of the data. The equation of 
the line is Y = 0.81, r = 0.36, p > 
0.05. 
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G. Determination of the Effect of pH on the Blood/Plasma 

Ratio of d - MAP 

The influence of pH on the Blood/Plasma ratio of d - MAP 

is summarized in table III - VIII. These data are plotted in 

Figure 3-7, which indicates a positive linear relationship 

between Blood/Plasma ratio and pH (Y = 4.89 + 2.10 X, r2 = 

40%) over a pH range of 6.8 to 7.8. This relationship is 

statistically significant (p < 0.05). 

H. Determination of the Effect of pH on the PB of d - MAP 

There was a slight and non - significant (p > 0.05) 

decrease in the unbound fraction of d - MAP, as seen in Figure 

3-8, when the pH of plasma was increased from 6.8 to 7.8. 

(see Table III - IX). We could calculate and compare the Kft 

value for the unionized and the ionized species of d - MAP to 

determine which species binds more strongly. A plot of l/fu vs 

f° (Figure 3 - 9) would give us the KA value for the 

unionized and the ionized species, as discussed in the 

previous chapter. The values for Ku and Kf were 21.3 and 0.3 

respectively. 
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Blood pH Blood/Plasma Ratio of d -

MAP 

(n = l) 

6.81 1.08 

6.84 1. 13 

6.88 0.92 

6.93 1.09 

7 . 03 1. 09 

7 . 19 1.14 

7.21 1. 16 

7.23 1.20 

7.37 1. 08 

7 . 38 1. 02 

7 .70 1.31 

7 .70 1.33 

7.70 1. 01 

Table III - VIII Blood/Plasma Ratio of MAP as a Function of pH 
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Fig 3-7. Plot of Blood/Plasma ratio of d - MAP as a function 
of pH. The solid line represents the regression of 
the data. The equation of the line is Y = 0.16 -
0.07, r = 0.22, p < 0.05 
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Plasma pH fu ± S.D. of d - MAP 

(n = 1) 

6.81 0.755 

6.84 0.759 

6.93 0.830 

7.03 0.805 

7 . 03 0.757 

7 .19 0. 714 

7.21 0.761 

7.23 0. 684 

7. 37 0.866 

7 . 38 0. 658 

7.70 0.687 

7.70 0.710 

7.78 0.710 

Table III - IX. fu Values of HAP as a Function of pH. 
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Figure 3-8. Plot of fu of d - MAP as a function of pH 
at 37'C. The solid line represents the 
linear regression of the data. The equation of 
the line is Y = 1.35 - 0.01 X, r = 0.44, p > 
0.05. 
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F i g u r e  - 3 - 9  Plot of 1/fraction unfc>ound(fu) vs.fraction 
unionized (f°) of d - MAP at different pH • s 
at 37 °C. The solid line represents the linear 
regression of the data. Equation of the line 
is Y = 1.28 + 21.6 X, r = 0.21, p > 0.05. 
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I. Determination of the Equilibrium Binding Constant (KA) to 

Human Serum Albumin (HSA) 

The Ka value for the binding of d - MAP to HSA was 213.9 

M1 at 37"C and at pH 7.4. (See Table III - X). This value was 

determined at a HSA concentration 4 g/dl and d - MAP 

concentration of 10 - 1000 /ig/ml using equation (26), that is, 

fu~ l+iCA. [PT] {26) 

The Rosenthal plot was attempted at a HSA concentration 0.4 

g/dl and the same concentration of d -MAP, as stated above. 

No decreasing trend was observed when [Db]/[Df] was plotted vs 

[Db] (see Figure. 3 - 10) . 

J- Determination of the Equilibrium Binding Association 

Constant (KA) to a-, -AGP 

Non - specific binding of d - MAP to the YMT - 10 membrane 

was observed to an extent of 6.5 ± 0.02 % We therefore 

decided not to use the method of ultrafiltration to determine 

the Kfl of d - MAP to a, - AGP. The equilibrium dialysis 

membrane did not absorb d - MAP. Equilibrium dialysis was 

therefore the method of choice for this experiment. The KA 
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Table III - X. Ka values for HSA Determined at Various 

Concentrations of d - MAP 

Concentration of 

d - map (/xg/ml) 

ka for hsa (m~1) 

(n = 3) 

Coefficient of 

Variation (%) 

10 177.8 ±9.9 5.5 

50 225.4 ± 37.8 16. 8 

100 236.6 ± 47.5 

H
 « 

O
 

CM 

500 237.5 ± 61.7 25.9 

1000 221.4 ± 36.9 16.6 

KA = 213.9 ± 48.5 M'1 
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Figure 3 - 10. Plot of [DB] vs. [Db]/[Df] (Rosenthal Plot) for 
d - HAP binding to HSA at 37° c .  
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value for the binding of d - MAP was determined to be 24 61 at 

37°C and at pH 7.4 using the same equation as stated in part 

I. (See Table III - XI). The d - MAP concentration ranged from 

0.1 to 10 £ig/ml and the AGP concentration was 80 mg/dl 

(physiologic concentration). Here again, we could not 

determine the KA value using the Rosenthal plot since we did 

not observe a decreasing trend in [Db]/[Df] with an increase 

in [Db] values (Figure 3 - 11). 
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Table III - XI. Ka Values for AGP Determined at Different 

Concentrations of d - MAP 

Concentration of d - MAP 

(Mg/ml) 

KA (M"1) (n = 2) 

0.1 1353.6 

0.5 1926.9 

1 2675.7 

5 2675.7 

10 3671.6 

Ka = 2460.7 ± 783.5 M~\ 
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Figure 3 - 10. Plot of [D„] vs. [Db]/[Df] (Rosenthal Plot) for 
d - MAP binding to AGP at 37°C. 
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chapter 4 

DISCUSSION 

A.Validation of The Method Of Ultrafiltration for 

Determination of Plasma PB for d - MAP 

Equilibriumdialysis, ultracentrifugation, ultrafiltration, 

gel chromatography and high performance liquid chromatography 

are some of the traditional methods used for separation of 

protein bound and unbound ligands (Sebille 1990) . We 

determined the unbound fraction (fu) of d - MAP in human 

plasma using the method of ultrafiltration and equilibrium 

dialysis and found that they were comparable. (Table III -

II) . Ultrafiltration is faster and easier than equilibrium 

dialysis. We therefore decided to use the method of 

ultrafiltration to determine fu in subsequent protein binding 

experiments of d - MAP. The fu value was around 0.83 in human 

plasma, indicating that only 17% of drug binds to plasma 
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proteins. 

B.Time to Reach Equilibrium for Blood/Plasma Ratio of d -

MAP 

d - MAP reaches equilibrium with the RBC and plasma fairly 

rapidly, i.e., in < 15 mins. This rapid equilibration is 

fairly typical, since the drug is lipophilic and crosses the 

RBC membrane to bind with the different constituents of the 

RBC (e.g., hemoglobin, carbonic anhydrase, cell membrane etc) 

(Ehrenbo 1983). The Blood/Plasma ratio is around 1.2, and the 

RBC/Plasma ratio can be calculated to be around 1.4. This 

would indicate that the drug binds stronger to the 

constituents of the RBC as compared to plasma We could 

observe a higher drug concentration in RBC as compared to 

plasma solely due to a pH difference between RBC and plasma, 

also. However, there is no such difference between the two pHs 

to the best of our knowledge. 

C. Concentration Dependence of d - MAP on the Blood/Plasma 

Ratio and Plasma PB. 

The Blood/Plasma ratio and PB of d - MAP seem to be 

independent of drug concentration in the 'therapeutic' range 
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0.1 - 10 fig/ml, that is, the values for the Blood/Plasma ratio 

and plasma PB are not significantly different at different 

blood or plasma concentrations, with a mean of 1.18 and 0.8 

respectively. The coefficient of variation is also low, 

indicating that the results are very consistent. The 

independence of concentration in the Blood/ Plasma ratio and 

the plasma PB indicates that the protein binding sites on the 

plasma proteins and in the RBC do not get saturated at these 

concentration of d - MAP and linear binding of drug to protein 

is observed. 

A species difference in plasma protein binding of amphetamine 

has been observed (Baggot, 1972) between rat and human 

plasma. The fy for rat plasma was determined to be 0.6 and was 

0.8 for human plasma. Apparently, from our observations,there 

was no such species difference observed for MAP between rat 

and human plasma, the fu value being around 0.8 in both cases. 

D. Effect of 1 - MAP on the Blood/Plasma and Plasma PB of d -

MAP 

It is likely that one enantiomer replaces the other from 

it's protein binding sites thus changing the binding 

characteristics of the isomer (Ehrenbo 1983). In this case, 

we did not observe any changes in PB characteristics of d -
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MAP after addition of the 1 - isomer. This could be possible 

because there are an excess of protein binding sites available 

in the plasma, hence there were enough binding sites for the 

d and the 1 - isomer or there is no competition of binding 

sites. Also, the absence of an influence of protein binding 

of 1 - on d - MAP are compatible with the low binding 

characteristics of this drug. The same reasoning holds for the 

absence of influence of 1 - MAP on the Blood/Plasma ratio of 

d - MAP . 

E. Influence of pH on the Blood/Plasma Ratio and Plasma PB 

of d - MAP 

At physiologic pH, MAP exists as both the ionized and 

unionized species. The plasma protein binding data was 

analyzed to understand the binding of a partially ionized 

drug. The and Kf values for the unionized and the ionized 

species of MAP were determined using equation (24), mentioned 

in the introduction section. The values were calculated to be 

21.3 and 0.3 respectively, indicating that the unionized 

species is primarily responsible for the plasma protein 

binding of MAP. Similarly, the Ku was found to be higher than 

the Kf value for other basic compounds like propranolol (pKA 

9.5) and phencyclidine (pKA 8.9) (Mayersohn, unpublished). 

There is a slight but significant increase in the 
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Blood/Plasma ratio (r2 = 0.4, Y = 4.89 + 2.10 X), (p < 0.05) 

and a slight but insignificant decrease in the fu of d - MAP 

with pH ranging from 6.8 to 7.8. Similarly, a slight increase 

in Blood/Plasma ratio of other basic drugs like nortriptyline 

(Slcprdal 1987) and a slight decrease in fu of propranolol 

(Henry 1981) 2 have been reported. The reason for the low r 

value is possibly the high variability in the Blood/Plasma 

ratio and the fu values obtained at similar pH values. The 

reason for this variability could be due to a lack of a good 

method to meter the amount of carbon dioxide gas added to the 

vial and also the possibility of leakage of gas during the 

experimental period. 

Plasma and RBC are separated by the RBC membrane as 

indicated in Figure 4 - 1. It is generally assumed that it is 

primarily the unbound and unionized form of the drug which 

crosses biological membranes. We use KA 1 and KA2 to represent 

the equilibrium association constants for the plasma protein 

binding and RBC protein binding equilibria respectively. With 

an increase in pH, the concentration of the unionized form of 

the drug increases and redistribution of this form into the 

plasma and RBC occurs. This redistribution is not likely to 

affect the Blood/Plasma ratio if the pH between the RBC and 

plasma is the same. Assuming that the RBC and plasma pH stay 
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Figure 4-1. Probable pathways for d - MAP binding to plasma 
and RBC. Here, [D*p] and [D+RBC] are the ionized 
forms and [D ] and [DRBCu] are the unbound 

Unionized forms' of d - MAf in the plasma and RBC 
respectively. KA1 and Ka2 are the equlibrium 
constants for the the drug - protein complex in 
the plasma ([Dpu - P, ]) and RBC ([DR0C u - P2] 
respectively. 



99 

equal, at least two other possibilities exist which can 

explain the altered Blood/Plasma ratio when blood pH changes. 

Either an increase in the binding affinity of MAP to RBC 

proteins or a decrease in the binding affinity of MAP to 

plasma proteins alone, or in combination, would result in a 

higher Blood/Plasma ratio as pH of the blood increases. From 

Figure 3 - 8, we observe that there is a slight but 

insignificant decrease of fu in plasma with pH. This 

observation does not coincide with the previous hypothesis 

regarding a possible decrease in the plasma protein binding as 

pH increases. When we plotted the RBC/Plasma ratio with pH 

(Figure 4 - 2) a slight but significant increase in RBC/Plasma 

ratio with pH was observed. To eliminate the effect of 

plasma protein binding, on the relationship of RBC/Plasma 

ratio and pH, a plot of RBC/Plasma ratio normalized for fu was 

plotted (Figure 4 - 3). This plot would represent the 

following relationship, where [DfiBC] and [Dp] are the total 

drug concentrations in the RBC and plasma, and [D°U(RBC] and 

[D°up] are the unbound, unionized concentrations of the RBC 

and plasma respectively. 
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Figure 4-2. Plot of RBC/Plasma ratio of d - MAP as a 
function of pH at 37°C. The solid line 
represents the linear regression of the data. 2 
The equation of the line is Y= 0.51 -2.43, r 
= .48, p < 0.05. 
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RBCf Plasma 1Drbc1 (27) 

fu 
= t^/U 

Assuming that the unbound, unionized drug concentrations are 

equal in RBC and plasma: 

[d;i/,=[o;j=[x>™cj (28) 

Therefore, 

RBCj Plasma 

j« WmcJ £>*BC (29) 

Here, fu#HBC is the unbound fraction of the RBC protein binding 

with MAP. This plot shows a significantly increasing trend 

with pH ( Y = .65 X - 3.0, r2 =0.31, p < 0.05), which further 

reconfirms the hypothesis of an increased RBC protein binding 

with pH. Thus RBC protein - drug complex [D°uRBC - P2] would 

increase and the increased binding would pull more unionized 

drug to the RBC side and shift the plasma protein binding 

equilibrium towards formation of unbound drug.The mean values 

of fuRBC were around 0.6, which indicates that around 40% binds 
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Figure 4-3. Plot of RBC/Plasraa ratio of d - MAP normalized 
for fu vs. pH. The solid line represents the 
linear regression of the data. The equation of 
the line is Y = 0.65 X - 3.0, r = 0.31, p < 
0.05. 
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to the RBC proteins. The fu for plasma proteins was 0.8, 

therefore the RBC protein binding to MAP is stronger than 

plasma protein binding, which agrees with the fact that 

RBC/Plasma ratio of MAP was observed to be larger than unity. 

F.Estimation of KA Using HSA 

Using equation (26), i.e., fu = 1 / 1 + KA. [PT] , we 

determined the KA values for d - MAP at different drug 

concentrations (10 - 1000 ug/ml) and l/10th physiologic 

concentration of HSA {0.4 g/dl). The KA value was calculated 

to be around 213 M 1 which indicates that d - MAP does not bind 

very strongly to HSA. The Rosenthal plot was attempted at 

physiologic concentrations of HSA (4 g/dl) and the same drug 

concentration as stated before. This plot showed no decline in 

the [Db]/[Df] values with an increase in [Db] concentration. At 

the lowest drug concentration, the fu was around 0.9 and at 

the highest drug concentration, the fu was l. Therefore, we 

were working in a very narrow unbound drug concentration 

range, even though the total drug concentration range was 

hundred fold (10 - 1000 fxg/ml). It was therefore difficult to 

see a decreasing trend in [0,/Df] vs. [Db] under these 

circumstances. 
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G. Estimation of KA Using a, - AGP 

We determined the value of KA for MAP binding to a1 - AGP 

using equation (26) , at d - MAP concentrations of 0.1 - 10 

jig/ml and AGP concentration of 80 mg/dl (physiologic 

concentration). The method of equilibrium dialysis was 

preferred over ultrafiltration, because of the presence of non 

- specific binding of MAP to the YMT - 10 membrane used in the 

ultrafiltration device. The value of KA was around 2461 M 1, 

which again indicates low binding of MAP to AGP. The Rosenthal 

plot was attempted for this data, but again, we did not 

observe any decreasing trend in the [DB]/[DF] values with 

increasing [DB], the reason for this being similar to the one 

stated in part F. 
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Chapter 5 

Summary and Conclusions 

MAP rapidly reaches equilibrium with the RBC and the 

plasma, that is in < 15 min. This is fairly typical for a 

highly lipophilic drug like MAP. 

The Blood/Plasma ratio for MAP was around 1.2, on the 

average. This would indicate the presence of higher 

concentrations of MAP in the RBC probably due to an increased 

binding of MAP to the constituents of the RBC than that to 

plasma proteins. 

Plasma protein binding of MAP is fairly low, the fu 

averaging 0.8 ; that is, only 20% of the drug binds to the 

plasma proteins. Since the binding is low, one would not 

expect to see any dramatic changes in the pharmacokinetic 

parameters like clearance, volume of distribution, th etc. 

with a change in protein binding. 

We studied the effect of concentration, addition of 1 -

isomer, and pH on the Blood/Plasma ratio and plasma PB of d -

MAP. We found that there was no significant difference in the 

Blood/Plasma ratio and plasma PB at different "therapeutic" 
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concentrations. Thus, there is linear binding of MAP to RBC's 

and the plasma proteins at these concentrations of MAP. 

There was no change in the Blood/Plasma ratio or the plasma 

PB of d - MAP, with the addition of 1 - MAP. This would 

indicate that there is no competition for binding sites or the 

presence of an excess of binding sites such that binding 

characteristics of d - MAP are not affected. 

There was a slight increase in the Blood/Plasma ratio and 

a slight but insignificant decrease in fu with pH. The amount 

of unionized form of MAP increases with an increase in pH. 

Assuming that the unionized drug primarily crosses the RBC 

membrane and that the pH on the RBC side and plasma side are 

equal, we hypothesized that an increase in RBC protein binding 

to MAP was probably responsible for an increase in RBC/Plasma 

ratio with pH. 

We could also determine the equilibrium association 

constants for the unionized (Ku) and ionized form (Kf) of MAP 

using equation (24). The values were 21.3 and 0.3 

respectively, which would indicate that the unionized form of 

MAP binds more strongly to plasma proteins than the ionized 

form. 

Ka values were also determined for the binding of d - MAP to 

HSA and AGP. The KA values were calculated to be around 213 



107 

and 2461 M respectively. These low KA values toward plasma 

proteins are compatible with the observed low value of bound 

fractions of MAP in plasma. 

Suggestions for Future Studies 

We could examine the influence of other active metabolites, 

e.g., amphetamine, on the binding characteristics of MAP, 

though one would not expect to see any influence due to the 

low binding characteristic of MAP to plasma proteins. Also, 

we could consider studying the Blood/Plasma ratio and plasma 

protein binding characteristics in authentic human samples 

and compare the values obtained with our observations. Also, 

since the two isomers d - and 1 - MAP differ in 

pharmacological activity, it would be interesting to study the 

Blood/Plasma ratio and plasma PB of the 1 - isomer, to see if 

any differences exist in the binding characteristics of the 

two isomers. These studies would give us a complete picture 

of the distribution of drug into the RBC, the extent of plasma 

PB and examination of the factors that influence binding for 

d - and 1 - MAP. However, we would not expect to see any major 

changes in the binding characteristics of MAP by factors other 

than what have been studied in this thesis research, due to 

the low binding of this drug to proteins. 
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Once we have a good idea cf these binding characteristics, 

the next step would be to develop a stereoselective assay for 

MAP and to study the in - vivo pharmacokinetics of MAP and the 

various factors influencing it. 
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