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Chapter 1

INTRODUCTION



il New Drug Discovery and Development
1.1.1 Introduction

[n the face of constant threat in endangerment of the species against the wrath of
disease, man has been surviving by searching for drugs against the diseases and the
search goes on and on till the diseases which manifest in one form or the other are
wiped out. The events following the administration of the drug can be divided into two
phases: a) a pharmacokinetic phase, in which adjustable elements of dose, dosage form,
frequency and route of administration are related to drug level-time relationships and b)
a pharmacodynamic phase in which the concentration of the drug at the site(s) of the
action is related to the magnitude of the cffect produced (1). Magnitude of both desired
response and toxicily are function(s) of drug concentration at the site(s) of action. Any
chemical entity can qualify as a drug when it posses the desired attributes of
bioavailability, potency, chemical tractability and selectivity (2). In highlighting the
importance of pharmacokinetics in drug development and therapy, Kaplan (3) has
rightly said, “what body does to the drug is equally important to what drug does to the
body”.  Awareness of the benefits of understanding  pharmacokinetics and
concentration-response relationship has lead (o extensive application of such
information by the pharmaceutical industry to drug design. selection and development.

Drug research encompasses several diverse disciplines united by a common
goal, namely the development of novel therapeutic agents. The search for new drugs

can be divided functionally into two stages: discovery and development (4).

1.1.2 New Drug Discovery
The process of drug discovery can be divided into a aumber of distinct phases:

‘hit generation’, ‘lead generation’, ‘lead optimization'. The goal of the “hit generation”

step is to screen large compound libraries to find molecules with a specific biological

response. This consists of setling up 2 working hypothesis of the target cazyme or

receptor for a particular disease, establishing suitable models (or surrogate markers) to

test biological activities, and screening the new drug molecules for in vitro biological

activities. Ideally a hit should have reproducible activity in a relevant bioassay, a

confirmed chemically tractable structure, high purity and a potential for novelty (5). At
the lead gencration step, medicinal chemists use a variety of empirical and

semiempirical structure-activity relationships to modify the chemical structure of a

compound to improve the i vitre activity of the hits. However, goad in vitro activity



cannot be extrapolaied to good in vivo activily unless a drug has good bioavailability
and a desirable duration of action. The lead optimization phase typicatly includes
ADME screening paradigms to improve upon the degree of potency, which has already
been achieved. Figure 1 shows the phases in drug discovery and the iterative nature of
the process with biology and ADME information being fed back to the medicinal

chemists to guide each new round of synthesis (6).

Figure 1: Role of ADME/PK in phases of drug discovery.
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1.1.2.1 Role of pharmacokinetics and metabolism in drug discovery:

Rational drug discovery requires an early appraisal of all factors impacting on
the likely success of a drug candidate in the preclinical, clinical and commercial phases
of the drug development (7). The use of pharmacokinetic and ADME studies in
optimization of lead molecules is the marrying of a traditional drug development
activity with a research one (8). The study of absorption, distribution, metabolism,
excretion and pharmacokinelics (ADME/PK) has deveioped into a relatively mature
discipline in drug discovery through the application of well-established in vitro and in
vive methodologies (7). For ADME/PK this strategic shift has been occurring for
sometime, driven by the concerns that poor pharmacokinetics was the major cause of
compound failure in drug development programs. Considering pharmacokinetics to be
the weakest link in the drug development chain was a major influence in expanding
ADME/PK from its traditional role as a preclinical safety support function towards the
earlier stages of drug discovery (9). A growing awareness of the key roles that
pharmacokinetics and the drug metabolism play as determinants of irt vivo drug action
has led many drug companies to include examination of pharmacokinetics and drug
metabolism properties as part of their screening processes in the selection of drug
candidates. Consequently, industrial drug pharmacokinetics & metabolism scientists
have emerged from their traditional supporiive role in drug development to provide
valuable suppoﬁ in the drug discovery efforts. Having become established as a routine
part of lead optimization, four factors are primarily responsible for determining the
nature and extent of ADME/PK studies. These are the phases of the discovery

program, the aumber of compounds available for study, tools available and, most

importantly, the specific requirements of the drug candidate defined within the product

profile (7). The common ADME/PK issues encountered during lead optimization are

concerned essentially with systemic exposure and the potential for dmg-drug

interactions (10). Problems with systemic exposure typically become apparent through

the failure of molecules with in vitro poiency to show subsequent efficacy in vivo. The

various problems with systemic exposure are related to absorption (solubility.

permeability and gut stability), distribution (plasma-protein binding, tissue binding)

clearance (first-pass metabolism, renal, hepatic, biliary, etc.), while issues related to

drug-drug interactions are such as enzyme induction and inhibition (10). Hence it is
now more common for initial ADME/PK studies to be conducted prior to in vive

efficacy testing to evaluate systemic exposure and make best use of animal models.



whose use s often constrained for practical and etliical reasous. The capacity to relate
systemic drug concentrations 10 a pharmacodynamic cffect can ensure that rational
decisions arc made in the context of the target product profile. For instance. a project
might strive excessively to meet targets for elimination half-life of a product that would
be consistent with one-a-day dosing, when in reality the duration of action is not
directly governed by the plasma concentration (11, 12). While aiming for a long half-
life is undoubtedly an advisable general principle of lead optimnization, it is important {0
ensure that the time and effort expended are justified on the basis of likely
improvements in the pharmacodynatnic profile.

After establishing that ADME/PK findings are relevant to compound
progression, 1t 1s necessary to investigate the underlying causes of any problems that

might be encountered. A good understanding of these problems is the cornerstone of a

rational ADME/PK lead optimization strategy because it ensures that the appropriate

tests are conducted and that the syathetic program ts directed accordingly (13).

1.1.3 New Drug Development

Drug developtnent inay be defined as a series of specialized events perfornied to

satisfy criteria, internal (i.e., competitive industry benchmarks) and external (i.e.,

regulatory compliance), to yield 2 novel drug (4). The process involves preclinical

research and development, and clinical trials commounly divided into four phases (14),

as illustrated in the Figure 2 (1, 19).

1.1.3.1 Preclinical studies

The preclinical stage of the d
r filing an IND (Investigational New Drug)/CTA (Clinical Trial

rug development focuses on the activities that are

necessary fo

Application). The complet
on and the synthelic processes uti
icity data, protocols for carly clinical phase trials, and an

ed IND/CTA contains information that details the drug’s

compositi tized for its production. The IND/CTA

also contains animal tox
pecific details and plans for evaluation.
y are the major areas of responsibility in this development

outline of s Process research, formulation,

metabolism and toxicit

stage.



Figure 2: The phases of drug development (PK, pharmacokinetics; PD
pharmacodynamics). (Figure modified from reference 1 and 15).
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of the NCE. These carly studies also provide tosight into the extent of satety
il

monitoring necessary during the phase L The data from these studies support the

IND/CTA submissions and the clinical development for all indications. All the issues

that arc expected to attract the attention of the regulatory agencies are identiflied at this
18

time and are addressed in the clinical plan (4).

1.1.3.2 Ctinical Trials
The clinical development stage is comprised of three distinct phases (I-I11), and

culininates in the filing of New Drug Application (NDA)/Marketing Authorization

Application (MAA). E

delivery, and drug safety activities (4).

ach phase involves process scale-up, pharmacokinetics, drug

1.1.3.2.1 Phase 1 studies

The objectives of Phase I ¢clinica
nce and their relation (o dosage. It also includes the study of relevant

| studies are to define the initial parameters of

toxicity and tolera

pharmacokinetics of drug in healthy subjects and optimization of drug delivery system.

Pilot pharmacokinetics (single and multiple doses), bioavailability and single dose
se (14, 16).

ADME studies are usually carried out in this pha

1.1.3.2.2 Phasell studies
Phase II trials arc carried out t

ne both the therapeutic d
-subject variability, dose proportionality

o evaluate the efficacy in a limited number of

patients and to defl ose range and dosing regimen for a
y intra- and inter

particular disease. Studies Of
d out (14, 16),

multiple dosages ADME are also carrie

1.1.3.2.3 Phase Il studies
Phase NI studies are pcrformcd in considerably large number of patients than
arried out on @ multi-center basis. The principal aiims are

phase Il and are frequently €

to demonstrate ong-term™ safet
possible

y and tolerance and to compare the new drug with the

drug-drug interactions, eftects of age, sex and

existing standard treatment.
tics and phanmacodynamic variables are

, ne
other subject variables on both pharmacoKin

also studied at this stage (14> 16).



1.1.3.2.4  Phase IV studics {Post-ourketing Surveiliance)
These studies are conducted after a product licensc has been obtained followine
NDA/MAA review. They are generally large-scale, long-term trials designed to

investigate the incidence of relatively rare adverse reactions. Most phase IV studies are

used to extend the range of the approved indications (14, 16).

1.1.3.3 Role of Pharmacokinetics in phases of Drug Development

Pharmacokinetics (PK) is the quantitative study of the time course of drue
absorption, distribution, metabolism and elimination. This includes the relationship of
ADME 1o the intensity and time course of therapeutic and toxicological effects of druoy
or chemicals (17). The term ADME 1s typically used in reference o nonclinical
studics. In rcality, ADME is generic, being applicable without any restriction (g
pharmacokinetics/metabolism  investigations in  humans as  well s animals
Fundamentally ADME is fully critical in all phases of a fully integrated druo

“development program.

The initial charge of early development programs is to file the IND application
such that approval may be secured to investigate 2 new chemical entity (NCE) i,
human beings. Animal toxicology studies comprise the foundation of the IND. [ (s

context, ADME studies provide supportive information to augment the interpretation of

toxicological findings. ~ Of primary importanceé among them are drug exposure.

expressed in terms of AUC (area under the drug plasma concentration — time curve)
and C,pa (maximum drug concentration in plasma), or an alternative Parameter which
are then related to dose levels and toxicological outcomes (18). Based oq the
toxicokinetic data at no-observed toxic effect dose, an acceptable exposure limit ip
humans can be defined. Tao assist in putiing the toxicokinetic data into 2 broader
perspective, the basic pharmacokinetic behavior of the NCE is assessed in the

toxicology species. Some typical studies that may be conducted ar this stage of

development are listed in Tablel.



Table 1: Studies to be conducted fos IND.

Toxicokinctics
Pharmacokinetics/absolute bioavailability in toxicology species (male/temale)

Protein binding

Erythrocyte/plasma distribution
Whole body autoradiography/tissue distribution
Mass balance in toxicology species
Metabolic profile in toxicology species
Pharmacodynamics

| Allometric scaling

In later development, the focus of ADME work is shifted 1o human studies

These are intended to more fully definc the disposition of the drug in humans.

particularly in the target therapeutic population. Ultimately these data are integrated to
b=

a NDA or Market Authorization Application (MAA) to secure final approval to market

the drug (18). Possible studies, which may be performed during clinical development

are listed in Table 2.

Table 2: ADME studies which support NDA/MAA

NON CLINICAL

Toxicokinetics in chronic and reproductive/teratology studies
Multiple dose pharmacokinetics in toxicology species
Biliary excretion/enterohepatic recirculation
Metabolic identification in toxicology species
body autoradiography/tissue distribution
Placental transfer
Milk secretion

Multipie dose whole-

Effects on metabolic systems (induction)
CLINICAL

pharmacokinetics in safety/tolerance studies
Dose proportionality
Food effect
Repeated measures

Mass balance/metabolic profile and identification with radiotracer
ulations (gender, age, penclics, liver and renal failure)

Pharmacokinetics in subpop : :
Drug interactions
Milk penetration

Pharmacodynamics
okxnetic.&/phurmacodynamlcs N patients

Single/multiple dose

Population pharmic : :
P 3 pPivotal bmcquwulcncc

e s’
-
m————

Y




ADME data gathered during the full course of development are incorporated

into drug labeling, which intended to optimize therapeutic utilization of the drug in the

target population (18).

1.2  The trend towards HTS

The provisions of the Harris-Kefauver Amendments to the Food, Drug, and
Cosmetic Act in 1962 resulted in the requirement of sufficient pharmacological and
toxicological research in animals before a drug can be tested in human beings. This has
greatly increased the time and cost of required marketing a new drug (15). This
amendment has resulted in revolutionary changes in the drug discovery programs
adopted by the industry. As the time taken for a compound to reach Phase I human
trials from the initiation of a typical project is usually more than 5 years, it is evident
that anything that can be done to speed up the discovery process could help selected
compounds to reach the market sooner and thus give an earlier return on company’s
investment. But NCEs fail at multiple points along the discox;éry and development
track. Some might even make it to the market, only to be withdrawn following an initial
successful launch, with the cost in lost revenue to the companies who have invested
their time and money in their development being potentially crippling. The recent
withdrawal of the anticholesterol dmg Baycol™ (Bayer AG, Leverkusen, Germany) is
the latest exa:ﬁple of a compound with excelient potential in its therapeutic class, but
which will now not realize any value for the discovering company (19). Often the

withdrawal is for safety reasons, such as the unforeseen occurrence of an adverse

reaction or a cross-reaction that was only likely to become apparent with large-scale

use, or abuse, of the compound in man (19). Many IND application fail during the

preclinical and clinical development and recently it was estimated that 46% of NCEs

entering the clinical development were dropped due to unacceptable efficacy and 40%
due to safety reasons (20). Hence, one of the keys to developing a successful drug is in
minimizing the unpredictable features of the molecule. This includes trying to predict

the way in which the molecule a
interaction with any other drugs and assorted xenobiotics that might be present from

use. Consequently, the development of a drug is a

ffects the body, and vice versa, including the

time to time during its therapeutic

long and complex process with hi roi
cen a significant shift in the focus of drug discovery

gh failure rate before it reaches the market (21).

In recent years there has b |
wledge gathering science to high volume throughput

activities from a detailed kno

10



cvents.  This has resulled in accelerated drug development strategies, which focus on
producing drug candidates or NCEs and accomplishing goals in less time than with
tradhtional devetopment approaches. The key elements of accelerated developmental
strategics involve the early identification of the most promusing drug candidates. The
premise of this approach focuses on maximizing the return on investnent via cost
effective application of resources. The return on investment is captured by bringing a
profitable drug to market faster and by utilizing the resources more efficiently (4). Two

accelerated development strategies have emerged to maximize the return on

investment, which are:
1. Quantitative process approaches:

These are aimed at achieving high throughput of analysis. The focus is on
sample volume with the primary objective of accommodating increases in sample
generation. This approach is typically accomplished with the addition of more
resources and/or improved methods for analysis, and is highly effective when a “go™
decision is made for lead candidate development. The activities associated with faster
analysis are generally independent of sample-generating approaches. The incorporation

of an automated task into an existing method for analysis is the example of a

quantitative process approach 4).
2 Qualitative process approaches:

These are supposed to eliminate candidates that have unsuitable characteristics,
which form the weak link in the drug devejopment pipeline. Here, analysis that focuses

on pharmaceutical properiies are performed during the earlier stages of drug

development, This approach usually requires the
he sample-generating responsibilities that lead to faster

development of a new application

that is highly integrated with [
" development activities.
s of a qualitative process approach (4).

decisions o “stop Predictive fn vive and in vitre models of
metabolic stability are example

Accelerated development exploits the
Ofien, it is the balance between the two approaches

relationship between quantitative and

qualitative process approaches.
that creates new opportunities for development success as well as significant challenges
for analysis. Typically, one approac

by refinement and integration.

h is developed 1 tesponse to the other, followed



I.2.1 Need for HTPK

Even though a detailed knowledge-gathering science still remains crucial for the
drug discovery process, but it has been overwhelmed by the vast array of the screcning
cvents that are aimed at identifying the potential drug candidates. Hence drug
discovery is becoming highly dependent on technologies, which enhance the ability to
quickly generate, test and validate a discovery. Today in the race to develop the next
selling drug, the key tools for rapidly generating potent and selective compounds are
combinatorial chemistry and functional genomics (22). The recent developments in
robotics and combinatorial chemistey synthesis in pharmaceutical research and
development have driven the production of a very large number of compounds with
potential activity for pharmacological activity. High-density synthesizers can
synthesize millions of promising compounds per year (22). Even in the absence of
combinatorial paradigms, medicinal chemists ate turning to automated and parallel
compound synthesis (23). These technological advances have now given discovery
scientists the ability to deliver large numbers of lead compounds for final optimization.
[n parallel with this, the capacity for screening these molecules against targets of
interest is rapidly growing beyond 100,000 per week (24). Turning a chemical lead into
a marketable medicine requires a balance of potency, safety and pharmacokinetics.
The pace generated by the chemists in the drug discovery cycle is further progressed by
the discovery project teams by focussing on automation with 96-well microplate

technology as a means of accelerating in vitro pharmacological testing. These rapid

advances have given birth to a plethora of jargon phraseology such as “high-throughput

screening (HTS)”, “ultra HTS", “compound decks” and “bioprospecting™ or “fishing™

for leads (25).

throughput further downstream int
harmacokinetics generating a “pottleneck” in the drug discovery cycle. The

pharmacokinetics and metabolismn 1s, very slow and

The net effect of these “ypstream” events have generated pressure on

he optimization processes that seek to align potency

with good p

traditional pace and analysis of
ing in detail the intricate processes governing the distribution and

careful, describ
The traditional analytical support involves the use of manual

disposition of drugs. :
on (liquid/liquid and/or solid phase extraction) combined with HPLC

sample preparati
(radiochemical, PDA, UV or

, imit
estimation. These processes are full of lim .
ctive. Conventional LC techaiques are usually not very

fluorescence detection) ot Gas Chromatography (GO)

ations. Manual sample preparation is labor

intensive and 1S not cost effe

They often require extensive method development. The GC

selective and specific.



techniques are complex and generally require several extraction steps combined with

derivatization and thus time consuming
Moreover a typical preclinical pharmacokinetic study involves:

1. Initial surgery required in preparing animals for dosing, actual dosing and
collection of blood samples.
Calibration of an analytical method.

2
3. The preparation of samples prior to analysis.
4 The actual quantitative analysis.

S

Data reduction and reporting.
The complete process is summarized in Figure 3:



IFigure 3: Typical process involved in a pharmacokinetic study.
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tes, which

y very low throughput processes
NCEs.

are traditionall | !
into the realms of high throughput to

aid selection and to add value to

1.3 High-throughput approaches to pharmacokinetics (HTPK):
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mvolves » |
nvolves the isolation of the precursor ion of the analyie in the first quadrupole of ol
' i e

mnstrument, fragmenting it in the colliston chamber, and then isolating a selected
: S selectec

product ion of the precursor in the third quadrupole. This allows for the quantitation of
. antite o

multiple compounds simultancously (30,31). These advances in the field of bioanalysi
si8

PK gcreening,

1.3.1Concepts of HTPK

1.3.1.1 Cassette Dosing or N-in-One dosing:

Casselte Dosing is 2 procedurc  for higher-throughput screening in drug

discovery to rapidly assess pharmacokinetics of large numbers of NCEs. It involve
o S

us administration of multiple comp
rum samples obtained are simultaneously analyzed by

simultaneo ounds to a single animal Blood samples

are collected, and the plasma/se
y method that permits concurrent a
the pharmacokinelics of multiple compounds can be

means of an assa ssay of many compounds in a single
sample (4,32 - 34). Consequently, ]
assessed and ranked rapidly with small number of experimental animals and shortened
s. Cassette Dosing is generall
sing) and for oral plasma/serum drug levels (p.o. dosing)

assay lime y used to screen NCEs in two gencral ways: for

systemic clearance (i.v. do

1 conventional pharmacokinetics studies, casseite dosing has the

Compared witl
advantages of:
a) Rapid assessment of pharmacokinetic paramelers of a group of compounds.
b) Reduced antmal requirement.

ment of labor and more 0

1n assessing the PK of a group of compounds

¢) Reduction in the require yer it is not labor intensive,

d) Elimination of intra-species variability

¢) Decrease in the overall costs a new drug into market.

of bringing
The design and concept of cnssette is based on a set of intuitive assumptions:
a) The size of the cassette (n) is Jioited only by the sensitivily of the assay and the

<. Large cassettes 2
ounds with similar retention times are to be

solubility of the compound re difficult to assay using HPLC well. In

the construction of the casseite, comp
avoided or the analytical method should be modified so as t0 obtain good resolution.

roperties of (he compounds play 2 major role in forming a

The physico-chemical P

solution of the mixture.
ature of the compounds atso dehines the composttion of

b) The pharmacological 0
istic phammcological characters are avoided in

the casselic, Compounds with antagon
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designing cassette.  Usually compounds of the same series with dilfesent intensities of
the s: Arm: : P Al SO
¢ same pharmacological activity arc selected in designing a cassette.

) There is a possibility of encountering drug - drug interactions.  The probabili

of the interactions increases in large cassettes. Controlhing the size of casseut ility

control the frequency of the occurrence of interactions to a goad extent. In mc.>SI s

these interactions are encountered when the clearance of one drug is rcducm;d by tl:::scs.
co-

admini : _
dministration of a second drug. However, most interactions are not that se
severe and

also enough allernate pathways of clearance exist so that inhibiting one of them d
=] em qaaces

not have big effect in the clearance (24, 31-35).

d) Drug-drug interactions in cassette dosing usually lead (o false positives. A fal
N 3. alse

positive is a result in which a compound appears 10 have acceptable pharmacokineu
‘ OKIneuc

characteristics when dosed in a mixture but would be identified as unacceptable if
. acceplable f

dosed singly. Mutually compeliive inhibitors of elimination pathways tend (o decre
‘ ‘ease

clearance thereby increase plasma levels and AUC. This may be acceptable i
¢ ‘ na

screening mode, wlich will be cormected in the later single-compound
gie- ¢

pharmacokinetics determination. Most of the interactions will lower the clearanc
cl¢ (2

nds will not be eliminated fT
(, so lowering the dose of the compounds as far

hence; Ther ]
ce; good compou om further consideration (32,36-37).

¢) Interactions arc dose dependen
as possible will tend 10 weaken the interaction, reducing the frequency of occurrence of

e.
h o affect clearanc Thus, onec may guard against

a compound potent enoug

ition of a shared metabol
sometimes lead to false negatives. A false negative

competitive intub ic enzyme by keeping dose small (31-38).
f) Drug-drug interactions can

ound appears to b
d singly. These are more serious than false

is a result in which a comp ¢ unacceptuble when dosed as cassetie but
dose

would be identified acceptable if
be discarded without further testing. The

positives, as such compounds will

egatives exist in cas
[ drug metd

e of protein binding displacement of one

possibilities of false n
her, presence 0
of false negatives ©
s suci as m vitro metabolisim studies.

compound by the ot bolizing enzyme activator. The
possibilities of the occurrence

concept of N-in-One 10 basic €3
in st abs

es should be

an be detected by applying the

Vv studie
orplion determination, followed by single-

estimation of protein binding,

«c ex VivO studi included as one of the deternyinants

compound studies. The
in defining the composition of the cassette.

gnlnte ¥

g) Lastly, even if the ab alues A€ wrong, the correct rank order wil! be
‘Richt BOX' Analysis as a measure lor success of a
U 4

observed (3(-38). The us€ of
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placement of the test compound into a cofrect category or the Right Box (22)

1.3.1.2 Sample Pooling
The other approach of increasing the throughput of the PK, which invol
' involves

reduction in the number of samples to be analyzed, is Sample Pooling. The ¢
. oncept of

sample pooling involves individualized dosing (one compound per dose per ani
r animal),

One-in-One dosing, followed by pooling of the samples of all the compounds for th
or the

p p
r

simultaneous quantitation of drug concentrations thereby enhancing the through
ghput of

PK (39). Compared with conventional pharmacokinetics studies, sample pooling h
’ g nhas

the advantages of:
a) Rapid assessment of pharmacokinetic pa

b) Reduced assay workload due to reduction in the bi
drug interactions in assessing the PK of a group of compound
S.

rameters of a group of compounds.

oanalysis time.

¢) Elimination of drug-

d) Decrease in the overall costs of bringing a new drug into market.

The application of the concept of Sample Pooling depends upon certain facto
Is:

a) The concept requires an assay method, which has the capability for concurre
Tent

jon of multiple compounds in 2 single sample.

estimat
e estimated, depends on the sensitivity of

b) The numb
the assay method. As

‘n’ dilute the individual compounds.
dergo chemical interactions, cannot be included in the

er of compounds, which can b
the number of compound(s) (n) increase, so does a factor of

¢) Compounds, which can un

premises of the concept.

1.4  Future Perspectives
MS currently offer m

k. Triple quadrupole M
t of enhanced yacuum pumping systems and ion optics

any intriguing possibilities for further

Advances in
S systems continue to improve in

development of HTP
sensitivity with the developmen
ent for method develo

s such that instrume

pment s negated by improvements in in selectivity

The requirem
nt optimization for ultimate performance is no

and detection limit
In addition, such instri
MS manu

mentation allows PK investigation at more

longer required.
doses. facturers are introducing new software

pharmacologically relevant
btain optimizcd MS

tools to either automatically 0

/MS characteristics from an infused
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sample or simply from a loop injcction that, when operated in a batch-mode f

) - or

muluiplc-analyle screening, will dramatically reduce analytical method development
There could also be a drug discovery use for the hybrid quadrupole-TOF

technology, currently expensive and with niche role in proteomic analysis. Thi
SIS. NS

combines the power of guadrupole with the ability 10 obtain accurate mass MS/MS d
ata

on samples of interest by using a TOF analyzer (40). This generates simultaneous

arent and meiabolite informati r a sl :
P 1 1 ion from a single chromatographic run, thereby

facilitating more data Lo be ubtained from a single biological sample.

A new paradigm in drug discovery has emerged in which the entire sample

collcction is rapidly screencd through the introduction of automation technologies (o
S I

sample preparation. More recent technologies such as microtitie plaie, robotic

instrumentation and MS, have all advanced sufficiently to provide a platform on which

to build a more fully automated approach (o

samples, thereby promoung HTPK. However, as yet, the promise is not fully realized

perform analysis of biological matrix

as no solution works -out-of-rhe-box’, and efforts to fully validate such methodology
roughput whilst retaining the quality of analysis

continue in an attempt fo increase th
A key differentator in further development of automauon technologies is likely 1o be

A majority of hardware platforms.

atready highly competent.
t, decision-making software will become

parsculicly for the mampulation of

software
However, fully unattended operation

imcrotitre plates, arc
a reality when intelligen

will only becom¢c
kely to follow when the focus of the mstrument

Snch developments are h
purely supporting ¢
ena (39).
heading towards systems involving fully

available.
he HTS-end of the operation to

manufacturers shifts from
the wider drug discovery ar

proccss 5

encompasstng
The drug discovery

robotized process from sample collection th
rocesses such as sample prepamtion and MS. This will ultimately result in

concentrafion dat
raigint into database fields, and create a truly

rough to data reporting, linking together all

necessary p
s along with all appropniately logged

a report file, containing

experimental details, which will feed st

‘turn-key” approach (0 HTPK.
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1.5 Rescarch Envisaged
The litcrature survey gives an insi i
- ves an 1nst
| | y g ght into the existing problem and its
importance 1 the field of drug discovery and development, which is a very 1dl
| . . rapidly
ar ‘2 [
arowing and the number of compounds generated is continuously increasing. This §
g. is has
resulied in increased pressure on the downstream acuivity and eflficacy screeni
¢ reening

process to increase their output (0 meet the demands generated by the chemists. Wil
sts. With

pharmacology pearing up itself with high throughput in virro activity screeni
(3 5 rlE

techniques matching the oulput generated by the medicinal chemists, the 1
» OWW-

throughpul activity of discovery pharmaco
1 rate of compounds in drug development caused by poor PK

kinetics is directly opposed to the need to

address the high astritior

profiles. This slow rate of pharmacokinetics has led to the formiation of a bottleneck in

the drug discovery cycle. This calls for the nced to bring the traditionally low-

throughput PK screening into the realms of h
problem lies 1n exploring the novel concepts such as

igh-throughput screening.

The solution to the

Cassetie Dosing and Sample Pooling. Cassette Dosing involves dosing mixtures of

NCEs 1o a single animal and simujtaneously quantify all the NCEs in the samples

ng in PK data for all the comp
to different animals and then pooling common time

generated resuti ounds at once. Sample Pooling involves

dosing of the NCEs individually

processing and
aneously. Both the methods capitalize on hquid

point samples before then the samples are analyzed to generate the PK
data of all the compounds simult

T mass spectromclry
antify all the NCEs, The limited availability of

chromatography/ tander (LC/MS/MS) as a sensitive and specific

analytical method 10 simultaneously qu

LC/MS/MS prompted an it

achieve HTPK screening for lesser it

Dosing provides 4l
e study. this concept was taken up for the

westigation t0 alternatively apply the coucepts used to

nber of compounds using traditional analytical
techniques, Since — % , added advantage of decreasing the

involved in th

number of animals
ol to Invest

investigation. It was also plann joate the extent (o S —
[l serve the purpose

dvantages.
a8 applicd to screen three in house CDRI

1
: - and also study the role of e
analytical techniques Wi advance

analytical techniques, whicit nffer a
aseette Dosing o
crituted arylp!
piwnnxy)-3-[N4-3',4'—dimc(h0xyphcny[]-

The concept of C
ss of alylnxysuh
i -(4-propi0nyl
3.(N*-pheny

) . [ :
)‘p|pcmzu1yl—N -propan-2-ol which were

pevazines for iHustrative purpose
molecules of the cla kel =

The cassette consisted of . . :
| piperazinyl}-N -propane. [-(2-

| -(pllcnoxy )

Dipemzmy[ J-N' -propan—?.-ol.
_methylpheny?

"Sopropyl phcnoxy)-}lN'-(I
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petent antihypertensives, synihesized in the iostitwe as a part of deag discovel
o . cry

program, Prior to the start of the studics, the cnterion for the selection of the

compounds with most favourable PK parameters was defined. Since the compounds

were antihypertensives, the desired criteria for the selection was set as low clearance

high AUC and long residence time

The basic concept of Cassetie Dosing was unhized for the generation of PK

paramelers, This was followed by Discrete dosing of the compounds at the same dose

level so as to generate a bascline duta tor comparison of the feasibility of the concept of

Cassette. Apart from this, the possibility of its application to various in siti and in vitro

studies usually carried out 10 predict before performing in vivo studics was also
explored in the present investigation.

various phase(s) of the wor
sential since GLP sets * A standard by which

During the k, good laboratory practice (GLP)

guidelines were followed. This was €s

jened, performed, monitored, audited, recorded, analyzed and

experiments are des
nce that the data 1s credible”. The wvarious

reported so that there is public ASsi
ur data confirmation 10 the acceptable hmuts are discussed

accepiable parameters and 0
quipments and the chemicals used 1n the

under individual chapters. The various €
dividual chapter(s)- The protocols invalving animal

cxperiments are listed under n
Local Ethical Committee for Animal

experiments wele approved by the
f the study Animals were cared for in accordance

Experimentation prior to {he start 0

:de for the Care Us
(NIH] 25-23). In the text that follows, the

with principles of The Gu ¢ of Laboratory Animals (Department of

Health, Education and Welfare, no.

nated as | 1l rcspectively. The structure(s) of [. [1

I and

compounds have been desig |
{|PLC/MS assay] are given in Figure 4.

and T and Internal Standard [(I.S.) used 1n
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CHAPTER 2

BIOANALYTICAL ASSAY METHOD
DEVELOPMENT AND VALIDATION



2.1  Introduction
Methods of measuring drugs in biological media are increasingly important to

many societal groups. Problems related to medicine, toxicology, pharmacology

forensic science, environmental research, new drug development, drug abuse, clinical
pharmacokinetics and drug researches are highly dependent onr biopharmaceutic
methodology (1,2,3). Analytical methods employed for the quantitative determination
of drugs and their metabolites in biological samples are the key determinants in

generating reproducible and reliable data which in turn play 2 significant role in

evaluation and interpretation of bioavailability, bicequivalence and pharmacokineti
Cc

data (4).

2.1.1 Bioanalytical Method Development

Once decided to generate the pharmacokinetic parameters, the accurate
measurement of concentration of drug/metabolite becomes mandatory. Therefore, the
measurement techniques/assay must be highty specific and very sensitive for the parent

drug/metabolite(s) in question.
g the best estimate of the concentration of an analyte in a

For quantitative bioanalysis of pharmaceutical

compounds aiming at providin
nge of biochemical and analytical techniques are

complex biomatrix, a wide ra
available. The rational selection an

knowledge abdut the drug to be anal

properties like, lipophilicity, pKa, vol
fluorometric and electrochemical characteristics, molecular weight and fragmentation

se of MS) and chemical stabili
riori t0 2assay development (5).

d development of an assay method require special
yzed. A sound knowledge of physico-chemical
atility (in case of GC), U.V. absorption,

pattern (in ca ty under storage conditions and throughout

procedure is an essential p
ctual measurement or detection step) is

a particular assay
of a suitable end step (a

The choice

cardinal to the develo

pment of an assay procedure and also largely determines the
ple preparation. Solely, U.V. spectrophotometry and

¢ applied in pharmaco
e detection technique
procedure like Hq

requirements for sam
kinetic studies, due to the lack of

spectrofluorometry are no

T s are very usefu .
specificity. However, thes y } when used in
combination with a separation

combination of a chromatogmphi

wid chromatography.  The

¢ and detection systems greatly contribute to the

selectivity of a particular method, as the chromatographic conditions provide large

flexibility, in such a way that there 15
detection from other drugs endogenous sample constituents etc (5). The development

no interference in the drug/metabolite(s)
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of aumospheric pressure |
| ¢ pressure ion sources, such as ESI and APCI |
chromatography-mass s , has added liqui
graphy-mass spectrometry (0 the list of the bioanalytical e
articul ot ) assay methods
g ar, the combination of LC with tandem MS, LC-MS-M ds. In
! -MS-MS, offers hi
E ugh

specificity, speed isi i
y, speed, good precision, accuracy, wide dynamic range, high sensitivi
o S nsitvity and

uppllcablllty (o) almost ¢ very Ly I Prop v e LC S
(2 -M -

MS a generally acce in bi i ort o
g pted tool 1n bioanalytical suppor inj
ylice rt of clinical pharmacolog
logy studies

(6).
if not aiready defined as parl of the lead developability assessment
. . : 0git
bioanalytical chemistry method needs to be developed and characteri p<l:l e
acterized for the

quantificati e : P
juantification of the drug candidate in physiological flutd matrices. It is tl
. 1s therefore

essentis aracteri i
sential to employ well-characterized and fidly validated analytical method
| | ods (o yield
reliable results, which can be satisfactorily interpreted. Analytical method
- [2 M e ]0 S ,u d
techniques are consta ' 1 N
stantly undergoing changes and ;
g improvements and |
1d in ma
vy

instances they are at the cutting edge of the 1
g edg echnology. These analyti
analytical technologi
gics

d with unigue charactenstics, W
s of the technique may also be influenced by the ultimat
ale

are em ich ca
phasize hich can vary from analyte 1o analyt
- (‘
Morcover the appropriaienes

study. Specific validation crtefii are necded tor methods intended f
» ed far

objective of the
analysis of each of the analyte (7).

THOD VALIDATION

2.1.2 ANALYTICAL ME
o includes all the procedures to demonstrate

Bioanalytical method validatio

alytical method for the
ies of analytes) in a particular biological matrix

that a par[icular bioan quantitative determination of tl
he
on of the anatyte (or 2 ser

ded apphcation (7). M
ethod validation are common to all types of

concentrati
is reliable for the inten

requirements Of bioanalytical m
For pharmaceu[ical meth
onal Conlerenct on H
de a framework for performing such

any of the principles, procedures and

methodologies. ods, guidelines from the United States
Pharmacopoeta (USP) Internati
tion (FDA) prov

ods for regul
o, range, detection limit, quantitative limit

armonization (ICH) and Foaod

and Drug Adminisiia
atory submission must inctude studies

In general, meth

accuracy, precis!

validations (8).

on specificity linearity,
N 'l'|

and robustness. -

4 validation € he tedious. bl the consequences of not doing
oney and 1
ary 10 petform

Doing a metho
exOUrces ). I ey stages of drug
o]

it right arc wasted tune, ™
atl of the various valiclation

development, it is usually not necess



studies. Many . - R
1any rescarchers focus on specificity, linearity, accuracy and -
studies s mranlinge precision
s for drugs in preclinical through Phase II (preliminary efficacy) st Tl

R : ) ages. e

remaining studies pertaining validati °

s alidation are performed
when the drug

g rcaches the

Phasc 11 (cfficacy) stage of development and has a higher probability of be .
coming a

marketed product (8).
The process of validating a method cannot be separated from the ]
actua

development of the method conditions, because the developer will not know whetl
 whether

the method conditions are acceptable until validation studies are performed. T
ed. The
devclopment and validation studies may therefore be an iterative process. Resul
. Results of

the validation studies may indicate a necessity for change in the procedure. Duri
. During

cach method validation study, key method parameters are determined and then used
¢ use

for subsequent studics.
The following principles of bioanalytical method validation provide steps fo
-

the development of a new method (7).

Parameters essential (o ensure the acceptability of performance of

bioanalytical method validation are accuracy, precision, selectivity, sensitivity

reproducibility and stability.
scription of the hioanalytical method should be written

A specific detailed de

be in the form of 2 protocol, study plan, report and /or Standard

This may

Operating procedures (SOP).
od should be investigated to determine the

Each step in the bioanalytical meth

nmental, matrix mater
p to the analysis aad ncluding the ume of

extent to which enviro ial or procedural variables, from

time of collection of materials U

affect the esumation of the analyte in the matnx. In the case of
it is essential t

pughout the application of the method

analysis, may

LC-MS-MS based proceduics,
atrex effect(s) thr

e marx changes

hat appropriate steps be taken o

ensure the lack of m
from that used during initial

y if the nature of th

especiall
method validation.
Whenever possiblc, the same biologlt 41 matrix as that intended in the samples
(For tissues of limited avanlability

ation purposes

should be used for valid
cuffice.}

Y matrices may

appropriate prox
.rcpl'oducibilll

The accuracy, precision:

y, response function and selectivity of

snces should be established with

the method with
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reference to the biotogical matrix.  With regard (o selecuvity, there should b
g < u ¢

cvidence that the substance being guantified is the intended analyte

The concentration range over which the analyte will be determined must b
st be

defined in the bioanalytical method, based on the evaluation of actual standard
r

samples over the range, including their statistical variation. This defines th
‘ s the

standaed curve. [t is necessary 10 Use sufficient number of standacds to defin
¢

adequately the celationship between concentration and response.  The

ctween response and concentration must be demonstrated to be

relationship b
¢. The number of standards to be used will be a

continuous and reproducidt

function of the dynamic range and the nature of the concentration-response

relationship. In many Cascs, (ive to eight concentrations (excluding blank) may
- |

define the standard curve.
For bioanalytical method validation the accuracy and precision can be

alysis of replicate sets of «
mple(s) (QC)-from an equivalent biological

accomplished by an 1e analyte samples of kanown

concentrations-quality conurol sa

Three concentrations representi
1x of the Lowesst Limit of Quantitation (LLOQ) (fow QC

ddle QC), and onc near the upper boundary of

matrix ng the entre range ol the standard

curve, one within

sample), one near the center (m!

. The specific a priori acceptance critena for the

the standard curve (high QC
1d be within £ 15% of the theoretical value except

mean value of accuricy shou
ate by morte than * 20%. The precision

should not dev)

at LLOQ, where it
ot exceed 15% of coefficient variation (%CV).

mean value should 1

it should not €X¢
nits, may be equally acceptable.

hiological matrix at intended storage
(=)

around the
except for LLOQ where
and precision, which met: these lif

The stability of the analyte 10

hould be esx.nhlxshcd
d. The stabiitly ©

eed 20%. Other methods of accuracy

tcmperaturc (S) s in addition the influence of freeze/thaw
cycles should be studie
should be evaluated over 2 period

sample prcparation, sample handling and an
f the assay methodoivgy should be established using

e same matrix.
.nmetry-bascd methods.

f the analyte at ambient temperature

of time that encompasses duration of typical

alyuncal run time

The specificity © i
This requitement may not be

independent sSQUrces of th
ced roass spect

necessary for hyphend
blc at each conce

d be reproducl

ptranon

Recavery shot
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Acceptance/Rejection crileria for spiked, matrix-based calibration standards

and validation QC samples should be based on nominal (theoretical)

concentration of the analyte(s)-

To achieve rapid screcning of preclinical PK parameters by the application of

the concept of Cassclie Dosing, sensitive HPLC assay method(s) for the simultaneous

estimation of I, I and III in biological matrices such as serum and rat liver S9 fraction

were developed and validated. Depending upon the need of selectivity and sensitivity.

methods using different nstruments such as HPLC/Flu, HPLC/MS were developed.

Since the aim was to achieve the goal as economically as possible, traditional detectors

were utilized wherever possible.
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2.2 EXPERIMENTAL
2.2.1 HPIL.C/Fluorescence conditions (System A)
An HPLC. Shimadzu, Japan (LC-10ATvp) with CBM-[0A (Commuanication

Bus Module). FCVI0ALvp (quaternary valve) and DGU-14 (Degasser) was used to
pump the mobile phase [65:35%v/v acetonitrile:phosphate buffer(25mM, adjusted to
pH 4 with orthophosphoric acid)] at a flow rate of 1.5mi/mun. Chromatographic

separations were performed on a CI8 reversed phase column (Spheri-5, Spym, 220x4.6

mm 1D) preceded by a guard column (30x4.6mm LD} (Perkin Elmer.

Norwalk,CT, USA) of the same material. Mobile phase solvents were filtered and
degassed before use. Samples were jnjected by SIL-10ADvp auto injector fitted with

50ul loop. The compounds were found to have native fluorescence in the mabile

phase (excitation = 250nm, emission = 350nm). After the elution the compounds were

monitored using a model RF-10Ax], spectrofluorimeier  detector set

250nm(Ex)/350(Em). The chromatography was cartied out at ambient tetmperature.
Chromatographic peaks were integrated using Class LCIQ workstation (Shimadzu.

Japan).

2.2.2 LC-MS conditions (System B}
A Jasco PU980, intelligent pump was used to deliver a premixed mobile phase

potassium hydroxide (LmM, pH adjusted to 4)

composed of methanol - acelontrile -
flow rate of Imi/min The mobile phase was degassed 1 an

(45:45:10%v/v) at 2
LISA) prior to the analysis Chromatogruplnc

ultrasonic bath (Bransomnic Cleaning Co.,
ex 5 CN 30 x 4.6 mm 54, (SI No. 03A-0050-

separations were achieved on a Ultrem
EOQ). The samples were injected trough a manual injector (Rheodyne model No.

7125,Cotati, USA) fitted with a 20l loop

. . 4l injecto
using contact closure signals of the manual 1j

Automated data acquisition was triggered
r. The total effluent from the columaq
trospray LC/MS interface. ESI-MS

inje into the elec
Was split so that one-tenth was injected into |
4 Micromass QIlﬂttl’O [I Trlple QUﬂdrllpole Mass
g i

ctrospray Source
L 3.3 software. Nitrogen was used as both the
L0 -

analysis was performed usin

Data acquisition and apalyses
Spectrometer equipped with an ele A
were performed using MassLynx VETS!
Rebulizing gas (I0Lh') and as curtain gas

ata was ac
3.5kV while the cone was at 61V, Data
e of R0°C was used.

250Lh™).  The ESUcapillary was set at
quired in Selected lon Recording mode

The dwell time was 0.8s.the inter

(SIR), A source temperatul



channe! delay was set 2 :
i defuy was set 2t .03 s and the span was 0.2 Da. The anulyt
[ ¢s were anaiyzed

b et o ) .
y quantfying for SIR (positive ESI1) masses of 429.4, 369.3, 297.3 and 369.3
’ 5 i 3 for LI,

I'and 1.S respectively.

2.2.3  Mobile phase conditions

2.2.3.1 System A
Mobile phase comprising 65:35%v/v acetonitrile:phosphate  buffer(25mM
. M 1 i ' - |
adjusted to pH 4 with orthophosphoric acid) at a flow rate of L.ml/min was employed
ployed.

Phosphate buffer: ~ Phosphate buffer was prepared by dissolving 6.82 gm pot
g 002 g otassium

dihydrogen orthophosphate in 2 L triple distilled water and adjusting the pH 10 3.5 witl
= .0 With

40% onhophosphoric acid. The buffer was filtered through a 0.22pm celtul
e ulose

membrane under reduced pressufe. Mobile

and buffec in 65:35%v/v ratio and degassed 1 an u
Bath, Misonix Inc., NY, USA) for [5 minutes just before chromatography.

phasec was prepared by mixing acetonitrile

ltrasonic bath (Astracon Ultrasonic

2.2.3.2 System B:

Mobile  phase  for this comprised  of  45:45:10%v/v

system
(1mM, adjusted to pH 4 with glacial aceiic

methanol:acctonitnile:polassium hydroxide
acid). The mobile phase was pumped at a flow rate of 1 ml/mn
Potassiwn hydroxide solution: 0.56 g of Potassium hydioxide was dissoilved in

d water resultin
L of triple distilled water to make 1mM solution of

10 mL of tiple distille g in {M solution. 1 mL of IM potassium

hvdraxide solution was added to 1
potassium hydroxide. The pH of the so

acid. The pH-adjusted potassium hydroxid

Jution was adjusted to pH 4 with glacial acctic

e was filtered through a 0.22um cellulose

membrane under reduced pressure.

idation of assay method for simultaneous estimation

g HPL.C and ['tu detection (Systent A):

upl.C assay method using isocratic

22.4 Development and val

of I, I and III in serum usin

ive, selective and reproduc:blc
as developed
ceclinical in vivo and/or in vitro data

A sensit
to simultaneously estimate

elution und fluorescence detection W

the generation of p

compounds I, II and IIl for
the ¢O

reeng {07 mpound with most suitable PK

efully optimize
Vyrious mo

Wi — . .
hich will aid in rapidly S¢
d for chromatographic separation

chas- .
aracteristics. The inethod was car
tection. bile phases with difterent

sa .
Mple preparation and post column de
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composition of the buffer were tested to elute the compounds on different stati
phases. The chromatograms were studied for peak shape, sensitivity and selcC‘:n‘al'Y
kae sample preparation was optimized after a thorough check for the sample clc;:‘ty.
using various solvents for 0.5mL of normal rat serum. An appropriate model to de f':mz

the linearity of calibration standards was selected after performing linear r
egression

using different weighing schemes on Microsoft Excel (ver 5.0).

(a)  Stock and standard solutions
Individual stock solutions of I, I, and II (200pg/ml) were prepared b
y

dissolving 10mg in 50ml acetonitrile. Mixed stock solution (MSS) of all the th
ree

compounds (16ug/ml) was prepared by tran

and the volume made up Wwith acetonitrile.
2.5ng/ml for the determination of recovery.

sferring 800ul in 10ml volumetric flasks
Further dilutions were prepared by
appropriate dilution in the range of 2000-6 ’

The detailed scheme for preparing the analytical standards is shown in Table 1.

Table 1: Preparation of Mobile Phase standards (MPS)

-
Volume of Volume of i
] . mobil
Concentration  goiytion to be  phase to be usede

Sample Code
_ (115/_'_"_1_)__________ _diluted (ml)
MPS 6 2000 1 ml of MSS 7
MPS 5 1000 {ml] of MPS 6 1
MPS 4 500 | ml of MPS 5 1
wes1 08 Imene |
(b)  Calibration curve
QC) samples of all the analytes from

Calibration and quality control {

12.Sng/mi1-400ng/ml in serum Were prepared

solutions in appropriate volume of pooled dru
d was less thad 2.5%.

Prior tO HPLC ana
he method outlined below. The detailed

by adding various volumes of mixed stock

g free rat serum 50 that the volume ratio
: (ibration and the QC st .

of the organic phase adde Ca QC standards were

lysis these analytical standards and

stored at -30°C until analysis-

the QC samples were processcd according 10 t
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scheme for preparing the calibration standards and QCs are shown in the Tables 2a

and 2b.

Table 2a:  Preparation of Calibration standards (CS)

Sample Code Cor(lgmt?;lon Volume to be added vo‘“’(‘:ﬁﬁg NRS
CSe6 400 50 pl ofMSS )
CSSs 200 1 ml of CS6 1
CS4 100 1 ml of CS5 1
CS3 50 1 ml of CS4 ]
CS 2 25 1 ml of CS3 1
- CS1 12.5 1 ml of CS2 {
Table 2b: Preparation of QCs
o Sample Code CO'(;;Z'::E; ion  yolume to be added x;’:;'(“n‘ig
QC Hi 400 250p1 of MSS 10
QC Med 80 2 ml of QC Hi 8
QCLo 16 2 ml of QC Med 8
(¢)  Sample preparation
), lml of acetonitrile was added. The tubes

To blank or spiked serum (0.5ml
then centrifuged at 1000rpm at 10°C for Smin. 750ui

were vortex mixed for 15 sec and
d to a clean conical tube and evaporated to dryness

of the supernatant was transferre
ntrator (Savant Instrument, Farmingdalie,

under reduced pressure in speed vacuum conce!
with 200u1 of 0.5N hydrochloric

NY, USA) below 40°C. The residue Was acidified
yer was basified with 50pl of 2M

acid and washed with 2x2ml n-hexane. The acid 12 '
hol in ether. The organic layer was

KOH and extracted with 4mi of 2% isopropyaic® o
the aqueous layer in liquid nitrogen and

transferred into another tube by snap freczi0E . :
tor. This whole process of extraction

“Vaporated in speed vacuum concentra
to dryness in speed The residue Was reconstituted in 0.1ml of

Tequired 4 - ing 30 samples- .
4 - 5 h for processing alibration curve was obtained by linear

The ¢
nteation with Microsoft

dCetonitrile and injected into HPLC.
£ 1, 11, [l versus conc®

I‘egression (y=mx) of the pcak heights ©
Excel version 5.0 on the IBM PC computer:
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(d) Stability in autoinjector
Replicates of the spiked samples at different concentrations of 16 ng/mL, 80

ng/mL, and 400 ng/mL were processed and reconstituted at the same time. The
reconstituted samples were placed in the autoinjector and one set was injected

immediately and the other after 12 h. The %RSD for all the three concentration levels

was calculated.

e) Method validation Program
The validation program for the HPLC method included within and between

ies on three different days. These studies were carried out

precision and accuracy stud
concentrations: low16 ng/ml, medium 80 ng/ml, and high

in triplicates at three different

400 ng/ml concentration levels.

i) Specificity

The specificity was defined a _interference in the regions of compounds of

s non
drug metabolites or other compounds of the

interest with the endogenous substances,

cassette in the determination of the concentration.

uantitation (LOQ)

ii) Limit of detection (LOD) and g
assay method (LOD) of I, I, I is the drug

The detection limit of the HPLC

quantity in the serum after the sample clean
baseline noise (S/N>3) The limit of quantitation (LOQ) was defined as the

concentration quantity of the sample, which Was guantified, with less than 20%

-up corresponding to three times the

deviation in precision.

iii)  Accuracy and precision | -
y eparation was determined by injection of

The accuracy of each sample Pr

calibration samples and thre¢ QC samples ©
h concentration). The

tween % RSD. The a

n three different days (n = 27; three each of
precision Was determined by one-way
low, medium and hig

ANOVA as within and be

ccuracy was expressed as % bias:

n-Nominal concentration) x 100

% Bias = (Observed concentratlo .
Nominal concentration
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2.25 Development and validalion of assay method lor simultancous estimati
of L, 1T and 111 in serum using HPLC/MS (System B) ‘ ration
An alternative mecthod for the estimation of 1, Il and Il with increased
selectivity and sensiuivity was developed using HPLC/MS.  HPLC-Fluoresc se
method could not provide selectivity due to co-eluting metabolites of the compm.mt;m;
and 111, when rat liver in vitro metabolism experiment was performed and moreoier

d were low along with the interference in

Hence HPLC/MS was adopted for the

when administered orally, the levels obtaine

the analyie regions by the metabolites.

estimation of the analytes in SIR mode, which provided a very high selectivity along
with improved sensitivity. A sensitive, selective, reproducible and robust assay me(ho:
(or the simultancous estimation of all the three compounds was developed in positive
ton mode. Various mobile phases with different type, compositions of buffers were

tested to elute the compounds on different stationary
sitivity and selectivity,. The sample preparation was

he sample clean up ustng various solvents for

phases. The chromatograms were

studied for peak shape, scil

oplimized after a thorough check for t
Internal standard (I. S} wus employed for quantifying the

0.1mL of normal rat serum.
priate mode] to define the linearity of calibration

analytes in the method. An appio
Jinear regression using different weighting

standards was selected after performing

schemes on Microsoft Excel (ver5.0).

(a)  Stock and standard solutions
I and LI (}mg/ml) and .S (200 pg/mby were

Stock solutions (SS) of I,
1, 11, Il and 20 mg of I. S in 10 ml and

ely by dissolving 10 mg of
g standards (WSSA) of [, I and

y. Subscquent workin
S (WISA) (0.5 ng/ml) were made in acetonitrile

prepared separat
100 ml acetonitrile respectivel
I (5, 1, 0.25 ug/ml) and working I
propriale dilution

in the range of 2
ry of I, (I and IIl. The detailed scheme of

Further dilutions were prepared from

from stock solutions by ap
5— 100 ag/mi for plotting the

working standard in mobile phise
ermnation of recove

standard curve and det
standards 15 £

‘ ’ 1T . 3b
preparation of the mobile phase ven in the Tables 3a, 3b
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Table 3a: Preparation of working stock solutions (WSSA)

Concentration  Volume of SSA  Volume of mobile pha
se

Sample Code (ug/ml) .
pg/m to he take
WSSA 2 E lOOOn (ul) to be madlcolm to (ml)
WSSA 2 I 200 10
WSSA 3 0.25 50 0
Table 3b: Preparation of Mobile Phase standards (MPSA)
. W Volume of Volume of Volume of
Sé':c[l’;e CO“(‘;:;';::J')"O“ WSSA tobe  WISA tohe  'Wobile phase
taken (ul) added (pl) to be made up
- ——— to (ml
MPSA 6 100 100 of WSSA | 500 j(,' D
MPSA 5 50 100 of WSSA | 1000 -
MPSA 4 20 100 of WSSA 2 500 <
MPSA 3 10 100 of WSSA 2 1000 e
MPSA 2 5 100 of WSSA 3 500 p
'MPSA 1 2.5 100 of WSSA 3 1000 b

(b)  Calibration graph

Calibration and quality contral {QC
pared by adding varying volumes of stock and workiag

. of pooled drug free rat serum 50 that the

) samples of [Jfrom 2.5 ng/ml to 100

ng/ml in serum were pre

standird solutions in appropriale volu

o serurm was less than 26, Calibration and X

volume ratio of organic phase added |
standards were stored at -30°C until analysis. The detailed scheme of the
preparation of calibration standurds and QS 4r€ shown in the Table 4a and 4b

Prior to HPLC analysis these analytical standards and QC samples were processed

by the following method.

Table 4a: Preparation of Calibration standards (CSA)

a Concentration Volume ?f WSSAto  Volume of

Sample Code ,(;ng;@!LL__.,_..-—--l_'f-s-p—'ked (u) NRS (ml)

CSA 6 50 ! 20 of WSSA | 1
CoA 5 50 20 of WSSA | 2
CSA 3 10 20 of WSSA 2 2
N 5 20 of WSSA 3 |
i 25  200fWSSA3 2
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(Cable 4b: Preparation of QCs

Sample Code Concentration Volume of WSSA to  Volume of
(ng/ml) be spiked (ul) NRS (ml)
QCA Hi 100 [0 of WSSA | 05
QCA Med 20 [0 of WSSA 2 05
QCA Lo 2.5 10 of WSSA 4 1

(¢) Sample preparation
To drug free or spiked serum (0.1 ml) was added 10 pl WISA (0.5 pg/ml), 12.5
N =] y 14

otassium hydroxide solution (2N) and 1 ml extraction solvent (2.5% 1sopropanol

wl of p
) in a 5 ml glass tube. The tubes were voriex mixed for 1 min and

in diethyl ether
centrifuged at 1000 g for 5 minutes. The organic phase was transferred to another

ng the aqueous layer in Jiquid nitrogen and evaporated to dryness in SVC

tube by freez:
mstruments, NY, USA).  The residue was

Speed Vac Concentrator (Savant

reconsttuted in 0.1mt of acetonitrile and injccted into HPLC.

d)  Method validation Program
‘The validation program for the HPLC/MS method included within and between
diferent days. These studtes were carried out

preciston and accuracy studies on three ¢
ancentrations; 10w 2. Sng/ml, medium 20ng/ml, and high

tn triplicates at theee differcnt €
100ng/ml concentration levels. The cahbration cutve was obtained by linear regression
2, of the ratio

rsion 5.0 on the IBM PC computer.

with a weighing scheme of 1/x of peak aress ol 1, 1L I with L S versus

concentration with Microsoft Excel ve

2.2.6 Validation of assay method for cimultaneous estimation of LII and III in
rat liver S9 fraction using HPLC/MS (System B) .
The method developed for the estimation i 1. IL and {IL in rat serum was applied

was found selective, sensitive and robust and

to rat liver S9 fraction. The method

validated before its application-

d solutions
} of [ 1 and 1

and 20 mE 0
srandasdy (WSSB) of [, Il and Il (200.

(@)  Sto dar
ck and stan 1) and L.S.B (200pg/ml) were

Stock solutions (SSB

(lmg/m
f the l‘CSpCC[iVC compounds in 10 m|

Prepared separately by dissolving 10

a
Ad 100 ml acetonitrile. Subseque
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50, 10,5 pg/ml) and working IS (WISB) (2.5ug/ml) were made in acetonitrile from
stock solutions by appropriate dilution. Further dilutions were prepared from working
standard in mobile phase in the range of 50— 4000 ng/ml for plotting the standard curve

and determination of recovery of I, II and [I. The detailed scheme of the preparation

of standards is given in the Table 5a and 5b.

Table 5a: Preparation of working stock solutions (WSSB)

Volume of SSB  Volume of mobile phase

Sample Concentration
Code (ug/ml) to be taken (ul) to be made up to (ml)
WSSB 1 200 1000 5
WSSB 2 50 500 10
WSSB 3 10 100 10
WSSB 4 5 50 L0

Table 5b: Preparation of mobile phase standards (MPSB)

Volume of
, Volume of  ygume of WISB i
Sample Concentration  wgSBtobe 4, pe added (ml) t?g]:l:z:dheaz‘;

Code (ng/ml) taken (U} A
MPSB 7 4000 100 of WSSB | I s
MPSB 6 2000 100 of WSSB 1 2 0
MPSB $ 1000 100 of WSSB 2 1 5
MPSB4 500 100 of WSSB 2 2 [0
MPSB 3 200 100 of WSSB 3 é 5
MPSB 2 100 100 of WSSB 3 : }g

_MPSB 1 50 100 of WSSB 4

(b)  Calibration graph
" Calibration and quality contro! (QC) samples of I from 50 ng/ml to 4000 ng/ml
g volumes of stock and working standard

Were prepared by adding varyin | .
led drug and cofactor free rat liver S9 incubation

solutions in appropriate volume of poo , .
org rat liver S9 fraction was less

dards were stored at
C samples were processed by the

anic phase added to

Mixture s yolume ratio of '
o that the .30°C until analysis. Prior to

than 2%. Calibration and QC stan

HPLQ l'I'EEI)’SiS these analytical standards and Q

following method (Table 63, b).
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Fable 6: Preparation of Calibration Standards (CSB)

Volume of WSSB to Volume of S9 incubation

Sémplc Concentration

ode (ng/ml) be spi i

CSB 7 2000 20 S e fm
CSB 6 2000 20 of WSSB 1 I

CSB 5 1000 20 of WSSB 2 ;

CSB 4 500 20 of WSSB 2 é

CSB 3 200 20 of WSSB 3 ,

CSB 2 100 20 of WSSB 3 2

CSB 1 50 20 of WSSB 4 7

Table 6b: Preparation of QCs

Sample Concentration Volume of WSSB to be Vo .

Code (ngmi) _____ spiked 41D l""(';f)' ALE
QCB Hi 4000 10 of WSS 1 i

QCB Med 500 10 of WSS 2 0'5

QCB Lo 56 _____Qo_f_WSS4 I

(¢) Sample preparation
To the drug and co-factor free or Spi

f WISB was added. This was b
h 1ml of 2% P4 in ether accor

ected into HPLC/MS.

Ked rat liver S9 incubation mixture (0.

asified with 10 ul 2N KOH and was

ml), 10 pl o
ding to the method mentioned 1n sec

processed wil

2.2.5 (c) and inj

d) Assay Validation
ated in terms of recovery, accuracy and precision as

The assay was valid
cluded 50 ng/ml (Low), 500 ng/ml

B. The QC samples 10

described for System
High). Calibration model

(Medium), 4000 ng/ml (
2.2.5 (d)

wus selected as mentioned in Sec

2.3 RESULTS AND DISCUSSION

2) Chromatographic conditions
method (RPLECY Wi employed for separation and

cal fluids The deciston to develop and

Reversed-phase HpPLC
e biolos

quantitation of I, Il and [1[ in th
lcpcndcd on the selectivity and

valj . et rent SYS argely ¢
alidate the methods using different system= largely
tinn Of analytes 10 hoth in vitro and i vivo

Specificity needed for the estima
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conditions. A systematic approach was followed and each parameter like stationary
phase, pH, buffer, molarity, mobile phase composition, flow rate cic., was carefy]|

Optimized for developing sensitive and reliable HPLC assay methods. The demand:
on the chromatography varied system to system. When adequate sample clean up
Was possible, chromatography was limited to rough separation and sufficient
retention of the analytes from the unretained solvent front (system A), bur when the
Specificity of the sample was low, more chromatographic selectivily was required
(system B). The methods developed were largely based on analysis in preliminary
oral and intravenous pharmacokinetic studies in rats. The chromatography of al] the

samples 1n the study was carried out at ambient temperature (25£2°C).

b)  Stationary phase
Several stationary phases like octadecylsilane CI18, cyano (CN). phenyt,

amino and silica columns were tried for the separation of I, II and I in the
biomatrices. Of all the stationary phases, C18 and CN columns were found to be
Suitable for eluting the compounds as sharp peaks. The choice of the stationary

Phase depended upon the type of mobile phases used in different systems and the

resolution of the analytes obtained.
A stationary phase containing a reversed phase C18 column (Spheri-5, Spm.

220 X 4.6 mm id) preceded by guard column packed with the same material (30 x
4.6mm id) was found to be suitable for optimum elution and resolution of I, 1 ang
III from endogenous interterences and unknown metabolites in normal rat serum foy
System A as compared to CN column. For system B (HPLC/MS), chromatographic
resolution was not an important criterion. CN column (Ultremex 5, Sum, 30 X 4.6

mm id) was utilized to obtain sufficient retention of the analytes without endogenoug

interference from the biomatrix.

c) Mobile phase
Mobile phases with varying proportions of organic and aqueous solvenis at

s of the buffer salt were tested duiing assay

different pH conditions and molaritie
development. The type of the buffer salt utitized in the mobile phase depended upon

the function it performed in different systems.
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In systern A phosphate buifer (KH2PO4) of a molarity of 25 mM buffering
pH of 4.0 was utilized to provide strength for mabile phase to elute the analytes \vo'l;l
proper peak shapes. Decrcasing either molarity ot increasing the pH of the buffer in tlh |
mobile phase resulted in increased retention times of the analytes and excessive tailinoe

s 8.

Acetonitrile was selected as the organic solvent in the mobile phase due to its |
T s less
viscosity and good clution strength. Solvent mixtures of acetonitrile and buffer w
ere

r a cd in o 1 5 < K i 2
p ep [ SUCh ratios so as w [nal\e COl'ﬂplOﬂllSC among gOOd b'dsel]ﬂe rCSO]UIi( 1) )]
E)

mimmum analysis time and column stability. With mobile phase containing 65%
(4

acetonitrile and 35% buffer (pH 4.0) at 2 flow rate of 1.3ml/min the compound eluted

as a sharp peak.
Although LC/MS is a very powerful analytical tool, there are some important
<

issues that should be addressed 1O appreciate the resuits (6). The optimization of

stems for LC/MS is sometmes troublesome, since the number of

mobile phase sy
be used is limited. In practice the, the majority of

solvents and additives that can

mobile phases used for LC/MS contain wate
ate. which is adjusted to the preferred pH

r, with methanol or acetonitrile as organic

etaie or farm

modifiers, and ammonium ac
rmic acid. The use of conventional phosphate

with ammonium hydroxide or aceuc of fo
salts generally cause problems such as contamination of ¢
of the ionization. Moreover the 0rganic modifiers, which can be applied 1n, reverse
ssuit in suppression of
for LC/MS requires coupling of the “ant” of

he 10n sources or suppression

phase chromatography f the 1omzation (9). Therefore the

optimization of mobile phase systems

HPI C with a thorough understanding Ol the
M molar

weclence” of APY/MS techniques. System

ity, pH adjusted to 4 with glacial acetic

B utilizes potassium hydroxide of I m

ponent of the mobile phase. This aqueous phase provided

acid as the aqueous com
esulting in [M+H]* compared to

the analytes 1

n of
dely used volatile buffer. Increasing the

maximum facilitation of the jonizatio

¢, which is the Wi

ammonium acetate buffe
g supptression of the tonization and

molarity of potassium hydroxide resulied 1
acetate salis 18 the ion SOULCE. Since a buffer of very low
€

f (he mohile Ph uld be achieved by the use of

Precipitation of the potassium
Strength was used, elution strength O
a mobile with a high percentage of organt

( $ nu
Maximum ionization of the analytes bul was

rile resulted 1M the ehution 0
A mobtie pha aining 45% acetonitrile, 45%
|

1 mM). pH ad)

ase co

¢ solvent Methanol was found to facilitate

( sufficient 0 provide better peak

st f the analytes as sharp peaks
Shapes, while use of acetontt
SC cont

bll[ N e iti U. ‘I G

Methanol and 10% potassium Ilyd'“"idc(
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acid, at a flow rae of Im¥/min eluted the analytes with a run time of 10 min and
without any loss in the sensitivity. The high percentage of acetonitrile in the mobile
phase ensured rapid and complete clution of the analytes from the column, while the

acidity of the of the mobile phase and methanol permitted better delection of the

analytes as positive molecular ions.

d) Detection

The analytes I, 1T and Il exhibited both UV and fluorescence. UV absorption

maxima were observed in mobile phase at 270 and 240 nm. Excitation and emission

maxima for fluorescence were found at 250 and 350 nm respectively. Fluorescence

was more sensiuve than UV and was therefore used for quantification of the analytes in

system A. Fluorescence detection enabled quantiﬁcation of 62.5 ng/ml of I, I and II1.
Preliminary investigalions showed that L, IL, Il and IS were good candidates for

ctra showed protonated molecules (M

LC-ESI/MS and their full scan posiuve mass Spe
+ H]* at m/z 297.2, 369.3, 429.2 and 369.2 respectively, as shown in Figure 1. The

intensities of the protonated molecules were checked at vanous cone voltages from 20-

70 V and a cone voltage of 61 V was found to generate maximum Intensity signal for
¢ &

the analytes and IS. Although the analyle

s were perfectly extracted fro

{1 and 1S and 429.2 for I res
) of the analytes increased the quaatitative ability

s were not completely resolved, however,

. m the total ion chromatogram (TIC) at
their chromatogram

m/z 297.2for 11, 369.3 for |
selected jon monztoring (LC/MS/SIM

pectively Figure 2. LC/MS with

by 62.5 times with a limit of quantitation of 2.5 ng/ml with the samples being injecied

ne a 20 pl loop as comparcd 10 50 pi loop in system A.

onto the column usi
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Figure 1:

Full scan positive mass spectraof a) I, b) If, ¢) H1, d) L. S.
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Figure 2:

Overlay of the LC/MS chromatogr
containing mixture of I, Il and III {

ams of Mobile phase blank and
2.5ng/mly and 1. S. (50 ng/mi).

analytical srandard

n LS.
't)'.\-1 100. 100,
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m
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(¢)  Standard curves in mobile phase
Standard solution containing I, Il and Il with or without IS were analyzed with

cach batch of bicanalysis to confirm recovery of analytes form biomatrix. The peak
heights of all the threc compounds varicd linearly and wete reproducible under the
analytical conditions of system A, while the ratios of the peak areas of the analytes

with that of IS varied linearly under analytical conditions of system B (Table 7).

Calibration curve equation for I, U and IlI for the analytical standards in

Table 7:
acetonitrile/mobile phase (n=3).
System Concentm,ﬁ(:n Compound Equation Weight  Slope Intercept
—— range L)
System I y = mx - 170.8
A
normal 62.5 - 2000 I y = mx - 2312 ;
rat
= Mmx 8 235 -
__serum LU :
System B | vemxde Ux® 00023 -00!]
rat [iver 50 - 4000 1 y = ImxX . 0.0049
> il y = mx v 0.0079
_fraction R Ao - =
System B I y=mx +¢  1/x" 00066  0.0006
normal eI I y=mx+c 1 00179 0.006
rat I g=mxic & 00228 00122
.._serum -— _— e

2.3.] Estimation of I, XL and 1II in biomatrix

a
) Method A for the sample clean up and extraction of the

This method was followed
ystem A was used for the detection of the

analytes from normal rat serum when $
| cerum was tested using various solvents.

analytes. The sample cleaning of 0.5m
in endogenous interference 1n either one of

Direct extraction of the biomatriX resultcd
st or low extracung efficienc
ample cleanup followed b

nee was partially removed b
| extraction efficiency. The acetomitrile layes

y. Therefore a sample preparation

the regions of intere
y single extroction was developed

method 1nvolving double s )
y initial precigitatien with

The endogenous serum interferc

acetonitrile, which also improvet _
ransferred 1nt0 4 ditterent tube and evaporated

containing the analytes of tnlerest were t .

10 dryness. The residue s0 obtmned wis acidified with 200 pl of 0.5 N HCI. Since the

analytes were weak bases addition of 0.5 N HC converted them into salts/charged
wcere ¢ i N

ciable solubtlity 17 polar solvents like water and little
e

Species resulting in app
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solubility in aonpolar s ik
with n-hexanne rz'sLlllllrcc‘i‘.‘()il(:,:1 ts iike n-hexane. Back-extruction of the acidilied layer
Finally the compo‘unds £i e removal of lipophillic endogenous serum ct:mlpOne:ml
— ———— oTlmtcrest wt.:rc re-extracted from the basified aqueous Phaq‘(;
Ulimately the andl tcs: e dr)f residue was reconstituted in 0.1 ml of acetonitril‘e
specific for I Y Wc.rc cnriched by 5 times. The assay method was found |
r I, II and HI with the analyte regions free from endogenous interfe to be
. rences.

The chromatogr:
romatogram of the blank control serum (500ul) is given in Fi
‘igure 3a. An

] l&

S i i
hown in the Figure 3b. Lineac rc
linearity f i
y for the peak heights of L, II and UI. The calibration curve was li
inear over the

An unweighted (y = mx) linear equation was used
resented in the Table 8. The LOD

¢ i i i
gression of the calibration data demonstrated
steate

range of 12.5 ng/ml to 400 ng/ml.

to . .
perform standard calibrauon, which is rep
determinati
i
nation demonstrated that al] the analytes gave a signal-to-noise ratio of
atio of 3 and

a
bove for 12.5ng/mL extracted/injected level.

b) Method B
The basic method for the extraction of the

B. When the analytes
ix was observed on direct extraction with

analytes in serum followed in system

A was ad
apted to system ‘ |
" along with IS were quantitied using

MS i ]

S in SIM mode, no interference of the matr

ation of the aqueous phase with Z N KOH. Thus higt
. lg 1

2% IPA in ether after the basific

specificity of LC/MS/SIM enabled direct
nitrile or back extraction
¢ spent in extraction without sacrificing the

extraction of the samples without the need

for s \ exiune
ample clean up by aceto with n-hex: This resulied
) 4 » 'n

macked decrease n tme and labo

on of the analytes in$
| sumpic requirement of 0.1 ml and eliminated th
e

sensitivity fe
y for the estimati erurn. Moreover, the high sensitivity

of the method resulted tn muntm

oncentration. 0.) ml
‘The analytes of inte
selectivity of the method is represented in

necessity of sample ¢ of the sample was spiked with the IS and
e n

) basified with 12.5 ul of 2N KOH.
IPA in ether. The

ay of the blank extr
i and HI 23 ng/ml, L S. 50 ng/ml). Linear

rest in the basified matrix weve

extracted twice with 2%

Fi -,
igure 4, which depicts an overl
(at serum (1.
a demonstrated linea

acted setum chrotnatogram with

blank control spiked
rity between peak area ratio of the

rearessi . .
gression of the calibration dat
¢ calibrattont curve
wation shown it Ta

was linea ovet the range of 2.5 ng/ml to (X)

analytes and IS. Th
blc 8

L ..
g/l is represented by the €4



The same sample preparation methed was applied to rat liver 39 {raction. The
Cxtraction method resulted in clean analyte jegions as shown in Figure 5. Linea
regression of the calibration data demonstrated linearity between peak area ratios of

the analytes and IS over range of 50 ng/mi to 4000 ng/ml represented by the equation

shown in the Table 8.

Table 8: Calibration curve equation for the standards in normal rat serum (n=3),

Extraction  Concentration Analyte Equation Weight  Silope Intercept

___method range (ng/ml) -
Method A S | y =inx o 822.89 -
normal rat  12.5-2000 | It y = InX g 1092.76 z

__ Serum 1 z = MX 83_[_‘}0 5N
Melhodkf} I y = INX+C 1/x~ 0.0027 -0.0356

Liver$9 50 - 4000 iy BERE B =

__fraction 1 y=mx 0.0092 -
mlad B [ y=mx +C I/K" 0.0115 0.0025
normal rat 25100 | y = MX+C 1/x~ 0.02289 0.0090

I y=mx+c  Ux 002566  0.0039

serum
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Kipure 3, . : 5 )
gurs 3; HPLC/Fluorescence chramutograms of ) biark coatrol
normal rat serum b) spiked control rat serum (80 ng/im) )
g L

i
o)
- N AR N -
o 1‘0 7‘;0
min
b) -
]
1
A e A
____‘__._.—--——‘—_"'Y
o 10 '=:.
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Figure 4: Overlay of the LC/MS chromatograns of normal rat serum blank ang spiked rat serum blynk of
I Oand m (2.5ng/ml) Sng/mi) and 1. S, (50 ng/mi).
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Figure &: Overlay of the LC/MS chromat

ograms of normal rat liver S9 fraction blank and spiked rat fiver SO
fraction blank of 1. 11 and 111 (50 ng/ml) and 1 S. (500 ng/mi)
" LS.
. 100. 100,
ES* * ES* Es
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2.3.2  Assay validation by methods A and B
The assay methods were vatidated in terms of recovery, intra/inter batch accuracy and

precision at low, medium and high concenteations in rat serum. The various aspects of the assay

validation for the developed methods (A, and B) is discussed in detail under the following

headings:

(@)  LODand LOQ
The LOD for system A was 12.

When method B was applied 1o rat serum,

5 ng/ml for all the analytes while the LOQ was 16 ng/inl.
the LOD and LOQ were 2.5 ng/mt while, for rat liver

$9 fraction, they were found to be 50 ng/ml.

(b) " Recovery
nd IIT at different conceniration levels were consisten:,  The

The recovery of I, 1 a
%, 70-90%: and 45-70% respectively in 1l serum,

fecoveries of L [1 and [ ranged from 85-100

In cat liver S9 fraction, the recoveries ranged DCIW
he systems are summacized in Table 9

een 35-70% for all the anuslvies. The

fecoveries for all tha analytes for all ¢

'©) Accuracy and precision
and between run precision and accuracy for the

Table 9 summarizes the withif- . !
yariations in intta and inter-batch accuracy

determination of the analytes in vanous methods

ptable limits of =+ 20 % at LOQ and = 5% at higher

nd precision were within acce

Concentrations (7).

wh
]



Table 9: Precision, accuracy and recovery of L, 11 and Il in spiked biomatrix (n =3
days).
. I % Bias
Method  Analyte ConcentrIaJtlon Relhery “intra Tnmier [ntr? RS[[l).ter
(ng/mL) e el e o
16 [01.56+4.70 3.38 321 6.58 3.82
' 80 06.63t680 623 671 053 147
400 97545861 166 072 642 3.89
16 0828560 624 894 14l 588
= I 80 97.181089 343 343 156 345
400 01474052 492 04 853  5.75
16 T308t141 642 662 105 044
LI g0/ 6655t022 529 531 Lil 139
S 100 . 73.95£476  -2.96 616 647 1289
2.5 [02.02£156 233 253 531 66l
! 20 92.13£1207 141 160 210 1.60
100 §7.54£1043 847 849 5.08 201
I o5 9271167 -L71 234 921 5.4
1 20 75.0540.30  -3.01 798 1056  1.27
(serum) 160 67.14+1.88  -3.74 -3.87 1139 5.36
=t <04l 77 431 803 1003 803
III 20 57.249.16 4.5l 396 1296 0.99
—_— 100 47.63£10.43 569 -573 3383 2.08
o soasd 1272 (3.10 246  3.08
! 500 62824439 320 205 892 072
4000 68.40£7.07__ 9:29 791 938 239
B "——ﬁﬁﬁo.w -13.58 -122 1013 2.63
(rat liver I 500 6201830 -9:03 823 145 226
- 4000 68.87412.50 835 -7.83 5.0l 4.11
fraction) ~50 64381025 33 785 1345 166
I 500 ¢s.01213.16 030 -1.50 847 043
65.49t6.71 _ 074 186 L8l 2.77
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24 Conclusion N ,
Validation of bioanalytical methods is an important task to assure reliability of the assay

, i in the various
data and also a mandatory requirement for various regulatory agencies. Hence, in o

assay methods developed and validated, for I, [I and 111, the specificity, sensitivity, calibration
ethods de S

precision and accuracy have been adequately demonstrated.
overy,

linearit 1
. exiraction rec : .
y after observing the data obtained during assay

‘PPIO[Jlla Qe ( vas ['fon‘lled
i t n'lOdC] SCI&C[[OH was a]SO pc ‘
ton Ot Illc COUCCP[ 01 cassetie dOS]!la IO[ [’ Il a“d IH [he
atl

validation. Thus, for the applic

i any int
analytical methods are specific without ¢ |
limit of quantification capable of accurate measurement to provide

ve a low hmit

erferences from endogenous and exogenous

Substances and'the ha

Meaningfu] results.
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Chapter 3

APPLICATION OF TH
g E CASSETTE
CONCEPT TO EX VIVO STUD'I;};E
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. In vivo studics are not always ideal in pinpointing the main issues as PK parameters such
= t?'Oﬁvailabilly arc based on a number of variables (1). Under these situations, the controlled
environment of in vitro situation means that muitiple factors influencing PK and drug metabolism
" vivo can be investigated as single components. Thts can be scen as an advantage in tha; i
:nab]es a complex problem to be broken down into its constitutive parts. In terms of throughput
(;ld Cost, tn virrg screens represent an intermediate level of filtering between in silico and H: vivo
a -4). Moreover, the in vitro models used (0 predict aspects of drug absorption and metabolism

¢ popular owing 1o their simplicity (3). A trickier task is to use these i vitro systems to predict
a good understanding of pharmacokinetic principles

i vivo t
behavior of the drug. In addition,
ars, there has been a large expansion in both

Wll[ h . . . .
elp in vitro/in vivo extrapolation. In recent ye
absorption and metabolism. Moreover, 1 vitro

d : 4 f
nge and use of in vitro systems tO study
providing early data on potential

SCreens ks
ns have the advantage that human tissues can be used, thus
pecies comparisons can be rapidly be made

va

" In the target species (3-4). Furthermore, Ccross-$

“hich could assist in the selection of appropriae species
discovety stage has been rapid due to the abihty to

s been achieved by some major technological

for future in vivo studies. The progress

ill u[]l .
i Py e -
zing in vitro screens during drug

autom

a . N .
(¢ most of the fn vitro tests. This ha
alytical hardware (1). For the w1 vitro

dey,
elo . .

pments and advances in automation, software and an
(he screens

any potency has been achieved can be

be applicd at the nghe stage of the

$ :

l‘::::':‘ng to be most effective, it is importaat that

o ISCovery process. Applying such screens before

2 Unterproductive, but conversely trying (0 optinnZ
css SCOf

e the DMPK of the compounds after other

“Ifacteristics have been optimized gIVes ! e for improvement Finally. it should be
the unlit
; becomes, the
fluences experienced in vivo. Therefore,

y of in vive models and it is anticipated that

e
m i
bered that no lead strategy can 1gnore

ho
1 Wev -y N
er elaborate or predictive the i vitro approns permeability and metabolism

Seterr:

Alr . . - :

Mined in vitro are not subjected (0 full range of 10
canking 10008 used to prioritize compounds for

n vi
Hro ¢
screens are commonly regarded as
e confidence in the validity of the

Telag;
vely slower throughput in Vivo investigations (0)
periments

arious ex vivo screens to explore for

)

s

98NS has to be established with rargeted in VIvVO €%
) was applied 10 v
sy hehi
sequent scctions discuss in detail

The concept of cassette (N-in-One
wiour and ultimately rank the

& b
abj . . .

lity to provide information regarding (M€
stics.

th
"
The sub

S .
Pounds on the basis of their PK charactert
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various ex vivo techniques utilized 10 explore the behaviors of I, Il and 1II. Protein-binding

stuadies of the compounds was performed (o search for the possibility of displacement reactions,

when the compounds were administered as a cocktail.  The validity of the sefection of the

compounds in the cassele is established only if there is no displacement of one or more

tompounds in the presence of the other compounds. Since oral delivery of the compounds was

desirable, evaluation of the capability of the compounds 1o cross the gastio intestinal tract (GIT)
barrier was carricd oul using i st recicculation technigue. This was followed by i vitro

Screening for the metabolic stability of the compounds tn rat hiver S9 fraction.

Rc‘L‘rcnces
nvestigating drug metabolism

| S. A. Roberts. High-throughpul screcnng approaches for i
31:557-589 (2001)

and pharinacokinetics. Xenobiotica,
sm in the age of high-throughput screening:

. A. D. Rodriguez. Preclinical drug metabolt
14, 1504-1510 (1997)

and industrial perspective. Pharm. Res.
approaches for evaluating absorption,

3. M. H. Tarbit and J. Berman. High throughput
pertics of Jead compounds. Cury. Opin. Chem.

distribution, metabolism and excretion pro

Biol.,2:411-416 (1998). , ;
M. Dick 4 . J. Eddershaw Advances in in vilro drug metabolism screening.
- Dickens and P. J. |

Pharm.Sei. Technol. Today, 2:13-19 (1

) L H. Lin and A. Y. H. Lu. Role of Pharmac
49- 403-452 (1997)-

and D . Pharmacoi. Kev., | ;
D. J s Pu: J. Harker and s, K. Bayliss. Combining high-throughput

. J. M. Spalding, A. J. ‘
Pharmacokinetic screens at the hit-to-lea:

5:870-S76 (2000).

999)
okinetics and Metabolism in Diug Discovery

| stage of drug discovery. Drug Discov. Today,
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Chapter 3

Section 1

PROTEIN BINDING STUDIES
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3.I.1  Introduction
Drug molecules circulate in blood m iwo forms. bound to the blood components such
as

proteins, red cells, or platelets and those, which are unbound and are dissolved in plasma wat
" o | er
3). The extent of drug binding to plasma proteins varies widely among different types of
d i i ' \
rugs and depends on the physicochemical propertics of the drug. The protein-bound fraction

ra _ . N
nges from less than 0.1 for caffeine and ethosuximide to greater than 0.99 for highly bound
&

drugs such as warfarin and dicumerol (4). The effects of changes in the extent of protein bindine

on . . . . .

free drug fraction and on drug inetabolism are significant for highly bound drug (greater than
(=R Y = 2

all change in the degree of binding has a dramatic effect

0 : ol itatt |
 the free fraction. Albumin is quantitatively the most imporiant d
(acidic) drugs such as warfarin, phenytoin, and

drus« : .
fugs, particularly the neutral and antonic
igs such as propranolol, quinidine, and

v, s . .
alproic acid (5). In the recent years, caionic (basic) dn
n to bind not only to albumin, but also to other blood

he tejevel; .
¢ tricyclic antidepressants have been show
proteins  (AAG) and lipoproteins (6-8). In some cases binding to

1nema levels of AAG and lipoprotein fraction

[TF e

Ptoteins such oy-acid glyco

A , .
AG exceeds that to albumin, Fluctuations ia p
o tmportance of understanding the

such as jow-density lipoproteins are commof and point t
interactions of cationic drugs with these proteins (6% 1}
mportant effect on the
act an the clearance charactenstics of a drug. Ty

Protein binding has an i phammacokinetics of the drugs.  The

alterut; = .
€rutions in the protem binding have an IMp

erved in those drugs tl
by passtve uptake by the liver. The clearances of

Phenomenon is generally obs at are removed from the plasma by

8lomerular filtration through the kidneys or

su . . . -
ch drugs are sensitive to alterations 1f protein bin
n half-lives and a la
¢ called as restrictively cleared drugs Eg:

ding. A higher free fraction will lead to

rger fluctuation in peak and trough

Plghe" clearance rates, shorter eliminatto
IEvels, Drugs exhibiting such behaviour ¥
12-14) However,
tiver or the kidneys. Their clearance rates are

on protemn binding (15). Such drugs

some drugs are extracted by active

T .
heo[Jhyllme and warfarnn (11,
m ;o
€chanisms in both free and bound forms by the
ndependent

3 |
®Pendent on organ blood flow and gelatively 17¢
1 idocaine and propranolol (16-18).

Ne known as non-restrictively cleared drugs g
rmacological
membranes
and phannacodynamic properties of

= . . cotein binding is that o ..

A widely held view on the pha effect 01 P & nly the fice

f, ‘ ) \ 5

h . and reach the site of ac '
'™ of the drug can cross the capitiary. the cell i ction. Thus,

mucokinciic

Plasma-protein binding can influence both ph

6l



adrug,

Plasma-protein binding is usually evaluated in virro and found to be well correlated with
i vivo in majority of cascs. Many techniques have been used to study the binding of drugs to
Proteins and to measure the free drug fraction. Among these are equilibrium dialysis.
wltzafiltration, ultracentrifugation, and gel-filtration (19-21). The basic principle of ali the
techniques is physical separation of the free drug from the bound drug. Even though equilibrium
dialysis has been employed most frequently, it has a major disadvantage of being laborious and

may require many hours or even days to reach equilibrium. Therefore, uluafiltration has been

an attractive alternative to equilibrium dialysis.  Furthermore, centrifugation o obtain

ultrafiltrates from multiple specimens is technically simpler and more rapid than equilibrium

dialysis, makine ultrafiltration more suitable for the free drug measurement in the clinical

laboratory environment.

312 Experimental
In ultrafiltcation a pressure gradient is generated by centrifugation, which forces plasma

Water and small molecules to pass through the semipermeabl
thus an increase m the latler leads to a

e membrane. In general drug binding

(0 proteins is inversely proportional 1o the remperature,
decrease ip binding and vise verse. Since the physiological temperature is about 37°C, thus in

Vitro determination of protein binding is carried out by maintaining the surrounding temperature

to generaie acceptable filtrarion rate

1037°C. Pressure gradient is maintained low but sufficient
g). Sieve effects due 10

and is best maintained by low speed centrifugation (1000-2000
Polarization of protein on the membrane may be minimized by centrifugation in a fixed angle
Itration devices, it 1 very essential to

"oor. Prior to determination of protein binding using ultrafi
o these devices. In such a case

determine the nonspecific adsorption of the candidate drug ont
Where the diu g adsorbs onto the membrane of the device it is very difficult to esimate the protein

binding (22).
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3.1.2.1 Materials
Pure reference standards I, I and III were procured from Medicinal Chenustry Division

Central Drug Rescarch Institute (CDRI), Lucknow. Ultracentrifuge tubes (cap., 1 ml) were

obtained from Centrifree®, Amicon Micropartition System, Amicon, USA.

3.1.2.2 Drug formulations

) Drug formulation (ug/ml) in KoHPO buffer (0.1 mM, pH 7.4)
K,;HPO, buffer (5 ml) was spiked with 125 pl of the stock dilution (200 pg/ml) of I, 1

and HI as discrete and casselte to give a final concentration of 5 pg/mi,

L) Drug formulation (2.5, 5, 10 pg/ml) in normal rat serum (NRS)
0, 500, 1000 pg/ml) of [, Il and [I[ as discrete as well as

30 pl of stock solutions (25
e and evaporated to dryness the residue was dissoived

cassette were transfeired to test tub

in 3ml NRS to give a final concentration of 2.5, 5, 10 pg/ml.

3.1.2.3 Adsorption studies to ultracentrifuge fube
(spiked buffer) was transferred into

The experiment was performed at 37 C. 1 ml aliquot
Jaced in the centrifuge maintained a
~10% (100 pl). The ultrafilterate was

: . 7 © =
AN ultracentrifuge tube and p 2 2l Mo LS SIS BOL

Centrifuged ac 4000-4500 rpm for 10 min [0 collect
s calculated by the following equation:

Processed and percentage of adsorption wa

% adsorption = I_n_it,i_l_c@_c@yalion _ Final congentratioy
Initial concentration

3124 Protein binding study
1 m! aliguol (spiked serum/2.5 min i.v. dosed

The experiment was performed af L
plice in the centrifuge maintained ar 37

Sample) was transferred into an ultracentrifuge rube and

°C. The samples were centrifuged at 4000-4500 mpm for 10 min 0 collect ~10% (100 pb) and

analyzed. The percentage of adsorption was calculated by the following formuia.
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% Bound =Ct-C, x 100
¢

W . :
fere. €, = total concentration and C, = unbound concentration

i
+1.2.5 Sampie analysis
Samples were diluted 11 with acetonitrile and analyzed by HPLC method reported for

System A in 2.2.1 and 2.3.1.

"' L .
1.2.6 Protein determination
The protein content of the serum utilized in the experiment was determined by Lowry

Method (23)

31
3 Results and discussion
ied out to determine the extent of serum protein

The present in-vitro studies were carr
bmd‘“g of I, II and 11 by using Cassette Dosing approach. The study was utilized as a criterion
3 <« >

to determine the validity of the selection of the compounds in cassetic AluRRostties; Bovid
a-filtration technique.

Nonspeclﬁ?'ﬁ)binding of the compounds were found t
M rangeq from 54 - 509 (Table 1) while that of 1121

“Oncentryion tange of 2.5 - 10 pg/m! and also in 250

d 1ilf were found to be above 95% overa ..
jin .v. dosed samples. Moreover. the

nd to be comparable with the results

b!ndi ere fou
g of al mpounds as cassette W
HEEEIeonD ntent was found to be 75.2+2.8

Ohia; ; otein €O
fained py carrying out experiments on discrete. The pr

!:.g/ . selie.
mi apg . :n both discrete and €28
re in botn ais
mained unaltered rat serum in cassette and

ins in normal
Table 1, Comparison of the % of I bound 0 proteins {0

discrete ( n = 3).

T——

— 3 Protein bound

o 1 [ e ——— T Cassette
___ioicentration (pg/mL) w"f--«-- 57.1140.55
e = 24
2.5 57.25%1
57.5110.05
5.0 58.0440.37 58.6140.09
10 54.03+0.40 58‘0”0 -
*5 min sample 53-55’28.__ e —
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114 Conclusion
The above results prove that there is no alteration of protein binding when all the three

“ompounds are present together. Moreover, the protein binding remawned unaltered 1n test

s TR . L ,
mple Indicating absence of displacement (1 vivo owing to metabolite formauon. Thus the

APproach of Cassetie Dosine can be used to determine the protein binding of the drugs.
. =]
Fu"[‘CFmorc, it can be concluded that the compounds selected for the cassette would not alter

thei I ,
heir PK Characteristics owing to their protetn binding characteristics.
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Chapter 3

Section 2

IN SITU ABSORPTION STUDIES
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3.
21 Intreduction
0O TR, S— .
ral route of administration is the most convenient and popular route for drug delivery
o .

Hence. i ;
e, 1tis es : . . -
b tis essential to estimate its absorbability for developmental novel drugs/ dosage forms or
Oth. The succes :
he success of an oral drug delivery depends on both the physicochemical and biological

factors
ors - . .
(1-3). The physicochemical factors include formulation factors (dosage form) and drug

fact
ors s . . . e
(solubility, chemical and enzyme stability, lipophilicity, hydrogen bonding potential

C()nfol_ "
mation, pKa. molecular size, and affinity for endogenous transporters). The biological

Considerqui . . .
) erations that will determine the success of an oral delivery include gasiric emptying rate
Miesg i~ s S

nal motitity, the composition (€.2. pH, enzymes, food) of the intestinal Jumen are the most

signif; o -
icant biological barriers to oral drug delivery.
ng the transport of drugs by the intestine include the

Experimental techniques for studyi
parations (6), and whole ammal

lige s

0

Fisolated cells (4), everted gut sacs (5), perfused pre
.arterial routes of admimistration (7).

Meth :
"eds involving intraduodenal, -portal, -venous, and
aration has the property of allowing precise

Who .
8 these methods only the perfused organ prep
d flow. Some of these methods require large

&
o.n ol of experimental conditions such as bloo
ANimalg such as dogs (8), or involve gul perfuston of only the gut lumen (9). other methods
Other methods.
nonly. Caco-
y cells (MDCK) | 10-12)

usualiy used for estimation of

Molve complex surgery in the rat. which provide the advantages of igh-
'hroughpur, are cell monolayers — most comt 9 cells. which ore derived form human

Ci
on ady enocarcinoma and MandmDarby canine kidne
In sity recirculation (13) or i sttt closed loop method (9) is

abiso, - . . : : these studies, e.g. absorpti :
bability of drugs. The information obtained ! ) » &8 G
ntestinal tract These systems better mmic w1 vivo

¢ cxpcn'menmi conditions.  The main

rom

onse .

= 4Nts, k;, is the average value through the 1

¥ilys .
lOlOglc-dl process and hence provldg mote realist

solated and studied while venous supply of GIT

ady
an Nows
2ge is that specific areas of GIT may be i
intestinal lumen at constant rate

£ solution throt
cc of drug from intest
oderate or slow absorption rates and is

agh the

e
Taipg
ns 4
Intact. The perfuston of dru - Thi l
inal lumen. This techmque

D(‘rvs. 4
Tt .
S the measurement of rate of disappearan

has )
been useq to differentiate drugs exhibiting rapid, ™

like rats, rabbits and dogs

tron are yealisiic
any cases this approach is satistactory but

It has the advantages that the half-lives

"Dpl’
Ic .
able 10 various animals iti
and are scalar quantities comparable

ff_)'

ex s
. Pressing the first order rates of absorp
@ tho. )
ih; S¢ estimated from blood concentration data. Inm
£ 4 substance

Yo . .
Verestimate absorption rate constants for

< that arc metabolized/degraded or
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bound -
cxter - .
wsively to the lumen. The absorbability of drugs has usually been estimated by in-sit
recirculation scudies of in. i e
n studies or in-situ closed loop studies. The information obtained from these studics

€.2. absorption rate ¢ s, Ka, 1
onstants, k., is the averaged rate constant through the intestinal tract. Therc

are, how e di : o
ever, site differences in absorbability of drugs and the concentration observed in the
Plasma i X
is the sum of the amounts of the drug absorbed from each segment. [t has been reported

that (h
g * . . . s
. ¢ techniques yield absorption rate constants that are realistic and comparable to those
ODserve . . ) -
d following oral drug administration. In addition a reduced time is required for obtaining

accur- . 2 2 M D

ate, reproducible and quantitative Kinetic absorpiron data.

The concept of Cassette Dosing was apphied (0 screen L, 1l and I, in house CDRI
izing the in st recirculation

Mole ) . . , .
cules, for ranking their ability to cross the intestinal barrier util

Studies,

324 .
*  Experimental
intestine, with an intact blood supply

ue used a fixed tength of
1ghing 200228 g

ation experiment

Intestinal absorption of 1. IT and 111

Usefulness of this experimental

The experimental techniq

11} 2
N anaes
anacsthetized Sprague Dawley rat e

Were

e

Xamined by means of an tn st rectroul
ation versus time give a detailed

drug concentr

:l_‘ch
Mque stems from the fact that plots o log
often simply reflects the drug absorption.

Pro
file of the drug disappearance process, which

Ale - g di '
h°“8h the data observed in these stdies depict druE disappearance (a(es from the gut fumen
be used interchangeably since absorption is

“'h-.d
' the terms disappearance and absorption will
wst as i1 15 for the appearance process in

r1vy -
iving force for the disappearance process it the gut |
sted for [6-20 lours prior 10 the experiment

the .
i
sing blood concentration curve. The rats were fa

Ho
W . ) "
€ver, drinking water was readily accessible

32
2.1 Materials .
red from Medicinal Chemistry Division, Central

Py
D ¢ teference standards I, 11 and 1IT were procu : -
U8 Research Institute (CDRI), Lucknow: A pertst pump (Wiz pecistaltic pump. Isco lnc..
ubing | i d. x 3/16” 0.d.) was used for pulse

for ancsthest

altie

Ll] "
'Coln, Nebraska, USA) fitted with sihcone 1 16
, was procured from S.D's Lab-

f[‘e
e .
Movement of perfusion/drig solution. Urethané

Ch
0 Industry, Mumbai, India.
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32.2.2 Reagents

(1) Sorensen buffer (pH 7.4); The buffer was prepared by adding 19.2 ml of 0.067 M
KH,POy soiution and 80.8 ! of 0.067M Na;HPO4 solution (11).

W) Perfusion solution: The perfusion sofution was prepared using NaCl. 1.45 x 10" M, KCL.
4.56 x 10" M, CaCly: 1.25 x 10 M, NaH;PO4: 5.00 x 107 M (11).

All buffer solutions were filtered through 0.22 pm filtration membrane before use.

ai
2.2.3 Drug formulation
and transferred to 250 ml conical flasks containing

I mg of [, Il and Il were weighed

100 m) of Sorensonbuffer pH 7.4 respectively.

*f the compounds were weighed into a 250 ml contcat flask containing 100 ml Sorenson buffe
o
aker for 12 h at

For the concept of Cassette Dosing 1mg of each

PH 7.4 (Formulation A). The flasks were placed tn 2 thermostatic incubator sh
ug particles were filtered off and the filtrate was
[=4

370
7°C slowly agijtated. The suspended dr
Nalyzed for drug content by [HPLC using System A.

‘4 Adsorption studies
o the silastic cannula, 10 ml ot

L oo i
To confirm the nonspecific binding of the compounds
Ising the peristaltic pump the drug solution was

dl’u .
& solution was transferred to 25 ml beaker.

fecj :
“reulated through the silastic cannula for 60 mInUES:

g sorption to the ¢a
Teservoir at 10 min intervals and were analyzed bY HPLC. Adsorp bl

100 pl samples were withdrawn from

a was

Sile .
Wated using the equation
ation) = Initi entrati

% binding = [(Initial Concentration - Final Concentration) Initial Conc tion]x 100

322z -
% Cannulation and Sampling
ey rats weighing 200£25g were procured from the

Youne h le Sprague Daw
g, healthy, male Sprag noused in-groups of three in plastic cages

.
.| .
bor"“)"y Animal Division of the nstitute. Rats were
ar Laboraton

of s were faste

' al feed, Lipton India Lid
with ¢, ol animal feed, Lip

ee g let food (Goldm :
oD QT Tl d for 16-20 h prior 10 the

('h‘ -
Mdigarh, India) and water. Reqt“’ed-""mbc}'g'

slied ad hibitum, The s were
ing waler Wis sipy
However, drinking

r\‘:f
orm; :
Manee of the experiment.
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anaesthetized by administering !mg/ml of urethane solution intraperitoneally (11), thirty ininutes

Rt

prior 1o the surgery. The small intestine of anaesthetized rat was exposed by midline incision on

the abdominal region. A 10 cm intestinal loop was prepared (13} by inserting two silicone

Cannulae, one isoperisialtically at the proximal end oi the duodenum and the othes
antiperistaltically at the distal end of the ileum and tied with sitk suture. The loop was washed
With 30 m! perfusion solution to clear the intestina! contents. The free ends of the cannula were
dipped into the reservoir as illustrated in Figure | The perfusion solution was then expelled and

10 m) of formulation (containing the respective compounds)/or Faormulation A {containing all the
The drug solution was recirculated

(100 pt) were

three compounds as Cassette) was filled into the system
Within the system at a flow rate of 0.9 ml/min. Samples of the intestinal solution

Withdrawn ar 0. 2.5. 5. 10, 15. 20, 25, 30 and 40 minutes from the reservoir and were stored at -
60 °C yj further analysis. The entiré experiment wis performed under a closed hood i which

. - ; 2 %C whi erforming th
heating lamps was positioned to maintain the preparation af 31722 °C while performing the

bsorplion studies,
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Fig 1 €
) SChen { 1
nauc diagram o
oo g e esonling the ¢x iment 1
. : ‘ g pe rimienta setup for recirc aillg P 0
chnique Kc)’ ( ) PCI‘I\L\uj |l\(t?$ll"1\| &CL"NC"'.( ) b d !)} .u‘ “l e
e S (. canntulia. AuV e]uﬂﬂ mesenterics

(P) peristaltic pump; (R) reservotr

R P

K]
“.2'2 6
Sample analysis
trile and vortexed for 1 min. The samples weie

ore analyze
he standurd ©

{:2 with acetont

o

Samples were diluted
by System A ( Section 2.3.1) and

Centri
ifuged at 10,000 rpm and (he sU
knowhns wer

urves for sy
ystem 8% reported

the
(4] H
ncentrations of the un

earlier ;
tlier in Section 2.3 (€)

L¥ 4N .7 Data
analysis
e absorption of the compounds \sa< evaluated by

ecfusions, th
the pcrtu.sau'.
g, C can be

lowed first-order kinetics. The nme

During ecirculating o
which 0

mea N
sur . .
ing its disappearance from

de
pend
ence of the juminal concentralis
C
in »_'-'- = « Ko



Wher
e : ;
Co and C, are the luminal concentration ol the model compound at tme 0 and t

respectiv . M :
P ely, and kg, is the first-order disappearance rate constant (min'). The disappearance

rale con
stant kg;, was calculated from plots of In (CJ/C,) verses t by linear regression {(12)

32
3 Results and discussion
of 1. 11 and II from the solution 1n intestinal

Typical plots showing the disappearance
stant was calculated from the

lume
n are shown in the Figure 2a and 2b. The absorption rate con
regression method, Figure 3.

Si . . .
ope of logarithmic plots of mean [C/Col-time profile by linear

The dj
disappearance and absorption rate are used interchangeably because absorption is the driving
I lumen. Nonspecific binding of

he compounds from the intestina

forc 2 .
¢ for the disappearance of d
and no appreciable drug was found to bind 1o

the o
ompounds to the cannula was also confirmed
etermined from discrete as well as cassette

" The . .

he absorption rate constants of the compounds d
are o .

given in the following Table 1.

onstants of L 1l and Il as discretes and

Table 1: Comparison of disappearance rate ¢
cassette (n = 3).
e — Falmin)
B — \COmPOUHdS B Dis%_g_g______'i__t___ Cassette
o 0.025%0.04 0.022£0.004
Il 0.053+.0.02 0.040+.0.009
0.068+0.006

0.087£002

—

— _
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omtion from rat small intestinal

Figure 3: Comparison of In st abs
between Cassette and Discrete of a) I, b) Il and ¢) IIL.
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- I s Diserein
2 1 as Cavvetin
Kegression line
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!
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.
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Time fmin}

[l remaining in the reservoir at various time points when
=4

The concentration of I, II and
a very good correlation

t - w
e CXperiment was carried out using a cockrail of I, 1 and Iif showed
farmed discretely as evidenced by linear

Vith the values obtained when the experiment was per

Tegression analyses. The equations governing and the coefficient of correlation of the
tern of the disappearance of the compounds

regresston

a : .
Nalyses i shown in Table 2. This shows that the pa ‘
Moreover, overlapptng confidence intervals and

Q
b discrere and as cassette remains same.
n the absarption rafe constants from the in suu

atics:
atistica significance test performed 0 |
ssette showed no appreciable statistically

CXpers .
XPeriments of the compounds as discrete and ca

Stenif; .
Tableznt d[ff::;::sif:naf::l‘yses of the mean concentration of L Il and L in the reservolr us
discrete and casselle. I
- e r— R*
< = Compound [;‘:E,u_a_ﬁ_?ﬂ— = 0.9086
et e [ (s - ———'—‘}7‘:" ).83x% + 656.9 0 08l
11 s g 09970
I y:0.86x'77z-§ o ey
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3.2.4 Conclusion

From the data obtined, it can be concluded th
arrier followed by Il and I. Morcover, the concept

at among the three compounds, Il has the

fa ) . .

Slest rate of absorption across the intestinal b
of casselte can be successfully applied to obtain the smme ranking. Application of the concept of
nts to 3 as compared to 9 when the

¢ . ar
3selte not only reduces the number of cannulation Experine
o decreases the number of samples to be processed

¢ H "

*Periment is performed as discrete, but als
an , ..

dthe analysis time by a factor of 3.

This ranking of the permeability of th
nd with the fastest ability o
from GIT. liver is also a major barrier which

e compounds across the GIT bacrier does not
nee : yermeate will iave the hrghest
Cssarily mean that the compou f £
bitsavniiot . .. .
“availability, since, upon oral administration apatt

¢. Therefore, one could predict

pl , ) = i
7S acrucial role in determining the bioavailahility of 2 molee
om the GIT permeability studies along with

Or :
2 behavior of the compounds 1o a good extent fr

day, . - the body (obtained on r.v. administration).
dregarding metabolic stability and clearance from the body (
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Chapter 3

Section 3

IN VITRO METABOLIC STABILITY STUDIES

8l



3.3.1 Introduction
A drug that is absorbed orally is transported via R I llicowhenal

May be subjecied to hepatic metabolism followed by excretion in bile or via the kidneys. A

lypical drug metabolism pathway is the oxidation of the parent drug (phase I oxidation) followed

Y the conjugation of the oxidized motety with highly polar motecules such as glucuronic acid,

glucose, sulfate, methionine, cysteine or glutathione QUEED LHVE i L7 G e
Phase 1 oxidation are the isoforms of cytochrame P450 (CYP) family. The major human CYP
P2C9, CYP2C19, CYP2D6,

Soforms involved in drug metabolism are CYPIAZ. Cyp246, CY
CYP2E] and CYP3A4 (2). Of these, CYP3A4 15 responsible for xenobiotic metabolism in

a Il
IMost 50% of the known pharmaceuticals.

gaucUronosy[ transferase (UGT), phenol sulfotrans

.mdxf,mh,one S-transferase (GST). Like CYP, the phase 11 enzymes also exist in 1soforms(l).
rtant dlU“ properne#
rapidly metabolized. will

The key phase [[ enzymes inctude UDP-dependent

farase (PST), estrogen sulfotransferase (EST).

D
fug metabolism is a key determinant of several impo

9 Metabolic stability: a drug with low metabolic stability f.e..
inuous infusion to maintain an adequate therapeutic

require multiple daily dosing or conf
(e not readily metabolized and elimunaied.

plasma level. Likewise, & highly stable drug,

could have prolonged half-life.
& Drug-drug interaction: ~One of the major causes of drug-drug interactions is the
- nistered drug.
interference of the metabolism of one drug by 2 co admi g
c) Drug toxicity: a drug might be rendered pnarmacoloolcally inactive or more toxic by
€ (=4 &

metabolism. s :
4¢ reached a very exciting stage, primarily as a

The evolution of drug metabolism field h | |
"eSUlt of thre aior factors: first advances in ouf understanding of the different drug-
€ major ? st, ‘ .
metabolizing enzyme systems and the ability of the various in vitro models for studying drug
.. "R : - :
‘mtabohsm 3): d. the realization that these models can be used in conjunction with
secon

“OMventional i vivo ADME models; third, the dev
Zone Electrophore

l
Cims, LC/MS/MS, LC/NMR, Capillaty e ‘ |
on the appropriae integration of these tools in

dutg e
Mated(4-8). T the emphasts 18 mor
(4-8). aday, P iy most pharmaceutical compaiies (0
o m p p

This has resui
n and include it in their submissions 1o various

pon ¢

ve ».in-uv[cdﬁrd the utility of the informaaon.

' -

glopment of analytical methods such as

sis (CZE) that can be coupled and

Xy
. Ploring the metabolic fate of NCES.

|nc =
rege . . . a
asingly making use of in VviIfo inform

re . Sax W
glJld[m-y agencies (3). In turn, these agencies h



botly in
tc p—— ' _
crms of assessing drug safety and uppmv.nhlluy yUlismately. FDA has recemly prepared

claholi'%m/Drug [nteraction studies 1n drug developmen!

3 puid; i
guidance package entitied “DME M
process: jes in vi in

: Studies in vitro.” Therefore, wheee PWC"‘"C"' drug metabolism invesHEatan solcly

relied o
n animal models, the same scicntists now usc a vanety of in vitro models.

Since liver 1s the major organ f0r drug metabolism, & pumber of assay models hive been
e culiures and subccllulm’ fractions such as SY

devel
oped Thesc inctude yver slices, hepaocy

fracti
10 : : '
ns and/or microsomcs(‘)). Liver microsomes Ui poslmmochondnal g9 fractions are baing
ical industry in the early selection of drug The throughput ol

¢ advent of &

con .
ymonly used in the pharmacey!
ns-well rechnology W combhinalion with

this

screen has been increased with th
ies (1M The screen is compat
10 monitor the disap

L
C/MS analytical 1ecchnolog ple with sutomated dispensing and

sam )
phing technotogics. L S is typically used
investigation of |

pcarance of compounds as 2

jic structuie of the metabolites 1 SCFECIUng

resy : . .
It of incubation without detailed
gcneraliy eXpressed us percentageé of the

m
odel (11-12). The results of the metabolic stubibity Wre

barent compound disappeated

3, .
32 Experimental
nd 1 in rat liver S9

compounds Llta

tability of the
pt of Cassette. The vahdity of the

ying the conce

the metabol:c S

In the present study,
anked by app!

fract:
C
tion has been evaluated and

¢ has been ested by €04 nparis king abtained from discrete.

con '
cept of the cassett o with the it

om Medicinal Chemustry Division,

g water bath (Vam 908D, Vam

3.
3.2.1 Materials
Pure reference stzmdmds 1.

Ce
tral Drug Research [nstituie (CD
cubation. D Glucose-b-

7 °C shaking at 50 mpm for n

pcr:.ucd at
poase(Type XV from Bakers Yeust).

In
Sttuments Pyt 1ad, India) ©
olucosc~6-ph051’

ph
osphate monosodiuim salt,
ide Phosphat

BNADP) were obtained from

ither

B'Nicolinamide Adenine [_)ml.lClCOl € Sodium salt |
Sigma Chemicals, St. Lou® MO USA (cals used for the experiment were €

a .
Nalytical grade of HPLC grade

All othet chem
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() Buffer for incubation: 8.75 g Di potassium hydrogen othophosphate (0.1 M) was

dissolved in 500 m! MilliQ water and the pH adjusted to 7.4 with orthophosphoric

acid (40%. v/v). The solution was filtered through 0.22 um membrane filter.

) Buffer for Homogenization of rat liver:  0.875 g Di potassium hydrogen

orthophosphate (0.01M) and 5.75 g Potassium Chloride (1.15%w/v) were dissolved in
500 ml MilliQ water and the pH was adjusted to 7.4 with orthophosphoric acid (40%,

v/v). The solution was filtered through 0.22 pm membrane fiiter,

3323 Drug formulation
10 mg each of I, 1 and III were accurately weighed into a tO ml volumeteric flask. The

COmpounds were dissolved in methanol and the volume made up to 10 ml to prepare Img/mL of
Cassette spiking solution. Similarly 10 mg of each of 1, I and [II were weighed separately into
Tespective 10 ml volumeteric flasks. The Compounds were dissolved in methianol and the volume

© 10 ml 1o prepare | mg/ml of discrete spiking solutions.

3324 Preparation of rat liver S9 fraction

Young, healthy male SD rats were procured from Laboratory Animal Services Division of
the institute. Animals were fasted for 12h but allowed water ad libitum. The rats sacrificed by
decapitation and then the liver isolated. The liver was placed on ice-cold homogenizing solution
and the adh ering non-liver tissues wer: carefully removed. The liver was washed with the

i ., . ‘ isolated and washed liver was homogeni
MOmogenizing solution free of traces of blood. The _ genized
The homogenate was centrifuged at 9000 g. witly

With ice cold homogenizing solution (1:3 wiv).
TOlor maintained at 4 °C for 30 min. The supernal

. . amn
Of incubation mixture (13). The S9 fraction Was atnilt
wd (14)

ant (S92 fraction} was used for the preparation

ed at 4 °C till use. The protein content

of the preparation was determined by standard meth
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3 .
3.2.5 Preparation of $-NADPH regenerating system
The incubation mixture was prepared by dissolving 1.25 nM of NADP, 2.5 mM of

G

Iucosc-6-phosphate. 0.75 U.mi-1 of glucose-G-phosphate dehdrogenase, and 6.25 mM of MgCl,
i . =

n 0.1 M potassium phosphate buffer (pH 7.4). The B-NADPH regenerating system was kept at 4

“C till further use (13).

3 2
:3.2.6 Preparation of incubation mixture
To 2 mL of ice-cold S9 fraction, 10 mL of ice-cold 3-NADPH regenerating system was

a . . ; - .
dded and incubated at 37°C for 5 min on a shaking water bath before spiking with drug solution

(13).

3.3.2.7 Incubation and sampling

48 pl (48 pg) of the cassette and discrete formulations were spiked into the respective

Incubation mixtures (12 ml) after 5 min of preincubation at 37°C. 200 pL of the incubation
Mixture were sampled at 0, 5, 10, 15, 20. 30. 60, 90, 120 min respectively nto eppendortf tube

Containing 25 ul of 2N KOH. The eppendorff tubes were vortexed for 30 s and stored at -30°C

CU fucther use.

3328 Sample analysis
The samples were proccssed according to the method B described inSection 2.2.5(cknd
Analyzed using LC/ESI-MS with system B (22.3.2) '3 mobile phase. The concentration of
from the calibration curves prepared according to the

t .
he analytes in the test samples were read

Scheme described in Section 2.2.6(b)

3.3 2 9 D .
<9 Data analysis
the disappearance of the compounds

The metabolic stability wa
feam the incubation mixture. The results of the metaboli

g evaluuted by measuring
« study was expressed as the percentage

Of the compound remaining, represcmcd by the equation’

) Parent com . .
pound remaining = . ‘
mpound after incubation] x 100 (1)

(Concentration of the parent €O
—'-4_——’.—_ - :
mpound betore incubation]

{Concentration of the paren €0
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Non-linear regression analysis of a plot of percentage of parcnt compound remaining

v .
€rsus time was performed using GraphPad Prism ver 3.00 software. The equation defining the

regressi -
gression analysis is represented as follows:

% Parent compound remaining = Span. e + Plateau (2)

Span - Difference in the % Pareat compound remaining at time zero (o me (ag.

Platcau - % Parent compound remaining at time tas.

Kn- metabolism rate constant

331
*  Results and discussion

The protein content of the S9 fractions W

HPLC/MS chromatograms sh
Figure 1 and Figure 2 for cassetie

as found to be 2.4640.32 mg/m! indicating the

Uniform; ) wi
Ormity in the preparations. owing the concentraions of

co . . :
Mpounds ac O min and 20 min of incubation are shown 10

and ; - o the metabolic stabilil
"d discrete respectivaly provide an indication cegarding the mEbon stabiiy
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Figure 1; Overlay of HPLC/MS chromato

Brams of U win and 20 mus i viro metabolisng
samples as Cassette of a) 1, b) 1, c) i
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Figure 2:

Overlay of HPLC/MS chromatograms of 0 min and 20 min in vitro metabolism
samples as Discrete of a) I, b) I, ¢) IIL.
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The metabolic stability of the compounds 1s indicated by lhe rate of their
isappearance from the incubation mixtures. Typical plots showing a comparison of %
Parent compound remaining in the incubation mixture versus time for I, Il and III as

discrete and as cassette is shown in Figure 3a, b, c. Non-linear regression analysts of the

data showed good filting for one phase exponential decay, which is shown in Figure 4a,

B, c. The halif-life (t152) indicating the metabolic stability of the compounds was derived

by the following equation:

tin = 0.693/km 3)

ant obtained from the non-linear regression

where k,, is the metabolism rate €Onss
and t» were indicators of metabolism of

analysis obtained in the Equation 2. The K
assette. The results are

Parent when the experiment was carried out as discrete and ¢
SUmmarized in the Table 1.

e metabolism rat€ constants and haif-lives of I, il and 1il

Tabte 1: Comparison of th ‘
in cassette and discrele experiments (0= 2).
. o T AR - Discrete
Compound _lif(ﬁl—ifaj)— — ‘—m——————k" f an) — o
T puz0003 2551291 T 0.03840.003  18.263£).489
I b0s5:0003 12740601 006350001 10.9740.21 1
I 012340002  565:0080 O (0740002 6.49+0.094

Ry



Fig 3: Comparison of the % drug remaining versus time for cassette and
discrete studies (n = 3) of 2) 1, b) [T and ¢) IIL.
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Non-linear regression analysis of % parent compound

remaining versus time a) Cassette b) Discrete

Figure 4:
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Linear regression analyses of the Mean % of the parent compound remaining for I, 11
and Il in cassette and discrete showed linearity with good coefficient of correlation
(Figure 5a, b, c) Moreover, linear regression analysis ot the metabolism 1ate constants
(km) and the t1/2 of the compounds I, 11 and III when the S9 in vitro metabolism
experiment was carried out with discrete and casselle also showed linearity with a good
Coefficient of correlation (Figure 6a,b). These indicate that the data generated by the
application of the concept of Cassetle correlated with the data generated by carrying out

e experiments on discrete. Even though, overlapping confidence intervals and statistical
e coastants and ty» generated from the

Significance test performed on the metabolism rat
and cassette showed

™ Vitro metabolism experiments of the compounds as discrete
in few cases, the order of ranking the

Satisucally significant difference (p<0.05)
Metabolic stability could still be achieved, which was the basic aim of the expenment.
hat atnong the three compounds, il has the

From the data obtained, it can be concluded
ompound IIT has the fastest

lowest metabolic stability followed by II and finally by L C
and shortest half-life followed

Tale of metabolism with a high metabolisi rate constant
+ Furthermore, from the above data, it is

by Il and 1 among the compounds in the casscll

€Vident thar k and t;, of Il and 1l are comparable i cassette and discrete but the kot L
 that in cassette resulting n a higher half-life

Cassette was significantly lesser compared i€

IN casserte compared to discrete experiment. This suggests a possibility of inhibition of

nds
the metabolism of I in casselie by one/both of the compauns
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Figure 5:
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3.3.4  Conclusion
The results of 1 vitro metabolism when interpreted 1aking into account the role of

th sttu absorption studies leads to the following interence:

1) Compound 1 has a low gastrointestinal permeability and high metabolic stability.

The limiting factor on oral administration would be its ability to cross the GIT,

rather than liver.
) The GIT permeability of Compound Il is better than [, but I[ is metabolized faster

than I, which indicates liver to be more limiting than GIT.

iii) Compound 11T has high GIT permeability and a very low metabolic stability,

suggesting that even though the compound can cross GIT barrier easily, its

availability in the systemic circulation is severely limuted by hiver,

Therefore, it can be predicted as Compound Il o possess optimum PK parameters

such as hieh AUC and less clearance. The ranking of compounds upon oral

administration can be predicted as the following ordec: I > I> HI. The validity of the

above results can only be confirmed with in vivo PK studies, which can support the above

Conclusion.
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Chapter 4

APPLICATION OF CASSETTE DOSING
TO IN VIVO STUDIES
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Despite the utility of the fn virro models, i vivo drug metabolism and

Pharmacokinetic (DMPK) studies are still an intrinsic part of the lead optimization
Processes in drug discovery. The approaches selected will depend very much on the issue
arising, but common to many projects is the problem of achieving high enough systemic
levels for sufficient periods to achieve appropriate efficacy (1). Poor bioavailability
following an oral delivery can be due to poor absorption across the intestinal mucosa ot

P-gp mediated efflux, or hepatic first-pass metabolism. [n addition to oral bioavailability,

Plasina elimination half-life, clearance and volume of distibutton are all useful

Parameters that can be generated from the PK profi
is way can help steer optimization in right

les following oral and intravenous

dosing. Shortcomings of a lead identified th
in vivo methods are generally low-throughput because of the

osed in unit time and the time required for

in the anaiytical instrumentation

direction. However,

Wmbers of the compounds that can be d
analytical method development.  Developments
oftware have resulted in decrease in the time

Particularly mass spectrometry and s
Novel concepts such as ‘cassette’ or

fequired for the bioanalytical method development.
[t 1n generation of PK profiles more rapidly from fewer
o

N-in-One’ dosing protocols, resu
animals (2-4)

The concept of Cassette

and oral dosing of the compounds I II and

Was utilized to rank the compounds on the basis of t
r elimination half-

nds dosed discretely was generated and

dosing was applied for generating PK data on wntravenous

{11 forming cassette. The data thus generated

he PK critena for the cassette such as
. ife and low s

high Area Under Curve (AUC), longe e -

Clearance (CL). Later, the PK data of the compou

tioned criteria. S0 as to compare the data generated

ranked on the basis of the above men

by cassette dosing.
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4.1.1 Introduction
In the development of a new drug, pre-clinical trials are of immense importance

where a new chemical entity (NCE) gains tmportance or is discarded. Turning a

chemical lead into a marketable drug requites a balance of potency, safety and PK, which

are traditionally low throughput processes (1). PK studies usually begin with the

establishment of single dose intravenous PK studies. Intravenous administration is the
fastest and most certain route of administration involving direct injection of the drug into
the bloodstreamn, where it rapidly equilibrates with all the tissues in the body. The
Primnary advantage of i.v. dosing is that the whole dose is delivered into the bloodstream.

The drug first reaches the right heart followed by lungs and ultimately systemic

Circulation. The concentration time profile is characterized by an inidal high

concentration followed by a steady dechine. The basic aim of i.v. PK study is to estimate
the clearance of the drugs. Clearance cannot be estimated after an oral dose. since the

total dose does not necessarily reach the systemic circulutton.
Increased throughput 1n i vivo pharmacokinetic screening has recently been

reported by a) dosing mixtures of compounds to a single animal i.e., N-in-One dosing

[Cassette Dosing and (b) by pooling samples from singularly administered compounds
hiquid chromatography/mass

Prior to analysis. Both the methods capitalize on tandem
spectrometry (LC/MS) as a sensitive and specific method for analysls 2-6). As the
we have investigated an alternative

availability of the LC/MS sysiems is hmited,
simultaneously ~ characterizing the

izing tracditional HPLC.  In the presem
was followed. Pharmacokinetic

Vivo

Increased throughput approach by

pharmacokinetics of multiple compounds util
. 1

Investigation the basic concepts ol cassette dosIng ' .
parameters of I, Il and I1I following intravenous {1.¥.J administratton were determined by
he compounds 10 generate data for

cassette dosing followed by discrete dosing of

comparing the feasibility of the concept.
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41.2 Experimental

Approval of the protocol for the study was obtained from the Local Ethics
Commitee for Animal Experiments of the institute, prior to the start of the study. The
Phamacokinetic studies of i, Il and III as cassette and discrete were carried out in young
and healthy male albino Sprague-Dawley rats (n=3 for each experiment/time point)
Weighing 250+25g, obtained from Laboratory Animal Division of CDRI. Animals were
Cared for in accordance with principles of The Guide for the Care Use of Laboratory
Animals (Departnent of Health, Education and Welfare, no. [NIH] 85-23). All surgical
Procedures were carried out under ether anaesthesia, taking suitable pte and post -
Operative care. Euthanasia and disposal of carcass were executed in accordance with the

8idelines of Local Ethical Committee for Animal Experiments. The animals were
ard laboratory conditions with a regular 12h day- night

housed in plastic cages in stand
heat radiating lamp. Standard pelleted laboratory chow (Goldmohar

Laboratc;ry Animal Feed, Lipton India Ltd, Chandigarh, [ndia) and water were altowed
nvironment for at least 2 days before

 libingm, The rats were acclimatized to this €
In all the studies mentioned below, the dose was

Cycle using non

“Onducting the experiment.

ed, serum was

Aministered after overnight (12-16h) fasting. Rlaad samples were collected, seru 04:».
. 0, 8

“eparated by centrifugation at 1200 rpm for 10 minutes at 4 °C and were stored at =60 °C

Ul anatysis,
4121 K .
l'l[-“: ., — d ounds were prepared for dosing
1e intravenous
Smgy kg/compound/animal. Preparatio
€ach of the compound individually/all the

osing formulations of comp

n of dosing solutions 10V0
ce (45mg of cach of the campounds) for
r -

EGEN0 {S05%: 50%). To Iml of the
1 was added resulting in a final

[ved wetghing 45mg of

— SO P
“assette/discrete formulation in 2ml of DMSO.

0%
above sofution 2ml of 50% DMSO: PEG600 (50%: >

und either individually or (n casselle.

Concentration of 7.5mg/m! of each compo
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4.1.2.2 Dosing
Rats were dosed with 0.4mi/kg (i.e., a 250 g rat received 0.1ml), with the dosing

soluti - . . . .
ution using tuberculin glass syringe fitted with a 20G needte via the caudal vein, after

the dilat; g ) .
¢ dilation of 1he tail with xylene in restrainer cages.

4.1-2.3 San]pling

Blood samples for pharmacokinetic studies We
-45 min) were collected by cardiac puncture under

re collected at different time points

Up 10 6 h post dose. The samples (2.5

Terminal samples (60-
allowed to clot ar room temperature for 30 nmun.

light ether anesthesia. 360 min) were collected from wferior

Venacava.  All blood samples were
000 x g for 10 min at 4°C and were stored at —

Serum was separated by centrifugatron at |

60°C.

4.1.2.4 Analysis
[II in serum samples of dosed rats were estimated

The concentrations of I, I and
in Section 2.2.4(c)

by the sample preparation as mentioned for Sysiem A

4.1.2.5 Pharmacokinetic and statistical analysis
jon (Vss), mean residence

The clearance (CL), steady-state volume of distribut
time (MRT), elimination phase half- and area under cucve (AUC) of each of the

Compounds were determined from respecitve cerni
WIN NONLIN softw

(y*y)) were applied and the model

life (11/2).
concentratlons versus time curve by

. ares S - . .
applying noncompartmental methods using are. (SCI consultants,
USA). Various weighting schemes (uniform. Iy

weighting) Wwas selected
s and statistical significance tests were

_ . for the estimation of the
With the least residuals (uniform

Parameters. Overlapping confidence interval

ntrations at each nme
and discrete dosing for correlation of

point. Linear regression analyses

Performed on the mean conce

Were performed on the dala generated b
r forms of the study

Y casselle

the data generated in eithe

4.1.3 Results and discussion
the three compounds are

infoomanon for all

Substantial amounits of PK |
2.5 min sample following cassette

1 R A u
Simultaneously available. The chromatograin of
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dosing and discrete dosing are shown in Figure 1a and Figures 1b, ¢, d respectively. It

IS cvident that the regions of interest were devoid of any endogenous inteiference as

Compared to blank serum chromatogram (Chapter 2, Figure 3). Both in discrete as well
as cassette, the retention times of 1. 1l and [l were 3.43+0.04, 6.99+0.15 and (2.37+0.15

min respectively.  In cassette dosing, it is interesting to note the appearance of a

Metabolite at 2.09+0.01min, Figure la, which was abseat in the chromatogram of blank
Serum samiple (Chapter 2 Figure 3). Examination of the chromatograms of I, Il and IIi

(Figure 1h, ¢, d) when dosed individually, confirms the formation of the metabolite from
le of 1, Il and TII following cassette and

I The mean (n=3) serun concentration trme profi
tively

discrete dosing are shown in Figures 2a, b, and ¢ réspec

L3



Figure 1: HPLC chiromatograms of 2.5min test samples foilowing

i.v. dosing (3 mg/kg) as 4) Cassette, b) 1, ¢) II, d) IIL

MI1 I
n
n 1™
i
oML 1 —
b) u
r‘ LI ; -_—_J ——
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“
1
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1
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The PK paramcters obtained for all the three compounds following discrete

dosing, Table 2 were similar to that obtained carlier by cassette dosing

Pharmacokinetics of I, I1, and 1il in discrete dosing studies (n = 3).

Table 728
— .
C ~ Half-life  Clearance Sicad-state volume of MRT AUC
-ompounds . . . -
_— (i) (ml/min/kg) distribution (L/kg) (mun)  (ng.nun/mi)
[ 71.51 163.54 9.502 33.43 16532
| 163.01 79.83 15.89 98.73 29976
e 1} 141 117.67 16.72 8§1.83 22301

The overlapping confidence tntervals and statistical significance tests performed
On the mean concentrations at each time point showed p >0.05 art all time points except

for one time point each in I and Il, indicating the pharmacokinetic parameters obtained

by casserte and discrete dosing are statistically not different. Moreover, the regression
nalyses of the serum concentration-time data for all the three compounds when dosed
individually as well as Cassette followed lincar irend Figure 3a, b, ¢ The regression

Analysis curves for I, I and I showed a good coerelation. Therefore, pharmacokinenc
les are also not statistically

Parameters obtained from these concentration-time profi
the nharmacokinetic paramelers, particularly

differen;. There was a good correlation of

that of MRT, Vss and clearance obtained after Casserie and jndividual dostng. while «
- igure 4a, b, ¢, . ¢

s shown in ¥
Modest correlation was obtained for tip and AUCq; as
i ' most optimum P
Based on the criteria set for the selection of the compound with the most op K
oe [ f by [l and 1
Altribures, 11 emerges to be the compound of ChOICE followed b)
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of Mean serum concenlration in Discrete

Figure 3: Regression analysis
n=3) of a) I, b) I and c) HI.

and Cassette Dosing

N = y=07335x + 25.313
c >
£ i R’ =0.9735
-
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§ 5 300
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Regression analysis of I, Il and Ilk in Cassette versus Discretc a)

Figure 4:
Clearance, by AUC, ¢) MRT, d) {2, €) Vy.
o)

- y=1.0012x + 7.7629

3 200 R = 0.9342
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4.14  Conclusion
aking into account the results of ex vivo and i.v. studies, attenpt was made to

predi : .
ct the bhaviour of the compounds following oral administration. The inferences can

be summarized as follows:
i) is hi i i
Clearance of I is high with a lesser half-life and residence time, which are

contrary to the selection criteria. Furthermore, the formation of metabolite from
2.5 min post i.v. administration and higher in vitro hepatic stability indicate extra
a-

hepatic metabolism, thereby reducing the metabolic stability. Moreover, with in
eability indicates poor PK upon oral administration.

st studies low perm
in/kg), while the AUC highest (26368

) Clearance of Il is lowest (94.7 ml/m
life and residence time are comparable with III (Table 1)

ng.min/ml). The half-
and II possess comparativel

as evident from ex vivo studies. These

characteristics for [I compared to [ and 1L
is comparable to I, but it has cowmparatively

[T is shown to have severe metabolic

y satisfactory GIT permeability and metabolic stability
results indicate comparatively better PK

i) Even though the half-life of M

higher clearance and lower AUC. Since
e PK charactetistics of IOI ¢an be predic
I respect to the required critena of tugh AUC,

instability in vitro, th ted not to be better
than II upon oral admimstration wit

low clearance and longer MRT.
uired to confirm the extrapolatton, as ex vivo

However, in vivo oral study is req
« well with in vivo studies. Further more.

results do not always necessarily correlat

e workload by several folds
he time required for the development of the assay

er compated to that ot individual

compared to dscrete dosing.  Thes

Cassette dosing reduced th
could be achieved despite the fact that |
method and the run time of cassette ¥
me speat 1n the validat
| method wis validated for all the three compounds

of test sampics analyzed were reduced by 67%

as long
i 5 ethod was di
compounds. However, the i ion of the assay method was divectly

teduced by three times as the analytica
the numbers
amples (12 hme potn

verall reduction 1 the
ividual dosing (@ 20 cats,
and decreased number of

-3 per time point, per compound).

number of rals, from 54 vats

Stmultaneously. Moreover,
i.e,, from 108 samples to 36's
N-in One dosing also facilitates the o

(6 rats per study, n=3 per compound} for ind
ng 18, reduced @53

ts. 0
used in the study.

y warktoad.

The end result of cassette dost
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animals involved in the studies resulting in enhanced and economic throughput of the PK
characterization. It should be remembered that this was achieved by traditional HPLC.
However, it should be noted that the selectivity of compounds that can be achieved in a

Cassette depends upon the system capacity. It is recognized that application of LC-MS

would further accelerate and economize the PK process, once they are more readily

available, more user friendly, more efficient and reproducible in detection.

14
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Chapter 4
Section2

APPLICATION OF CASSETTE DOSING T
ORAL PAARMACORINETIC STUDIES



4.2
-1 Introduction
Pharmacokinetic
acoki i ini
tic studies gain importance from the fact that the rate and
extent of

availability of
Ity the administc T i
ministered therapeutic agent will result in pharmacologtcal res
8t ponse

of desi
sired magni
gnitude and response. Oral route is the most conve
mient, parnless

cconomi
ical and si
d safe for the administration of the drugs. [t involves swall
owing of the
1 the gastrointestinal tra
¢t by the wa
y of mesenter
¢

I vetn 1o the liver and into systemic

ages. The absorption of the diug

dru ich 3
g, which is absorbed fron
circulali

lion and proceeds from the hepauc poria

Circulati
) tion. However, the oral route has some disadvant
fom the GIT ts i
is influenced by a number of fa
actors such as pH, gasin ili
, Rostric motility, surfa
s ce
absomption of the drug. It is also known that many

are { it
a that might limit the complete
n nbsorbed from the Gl tract into the systemic

drug :

gs are subject to the first-pass effect whe

udies neglect the above-mentioned influences; an oral PK
[

c' . .
irculation. Since, i.v. PK st

studv i .
dy is necessitated to determine the relat

been made to apply the ¢
a1 admunistration so as to determine the

ve bioavailabihty.
oncept of cassetle dosing for the

An attempt has

Oe M
generation of the PK data follow
Symultaneously

1 the dali generated by ca

ng or
PK data was generated by discrete dosing

icavalabilities of I, II and ITE
ssette dosing and ultimately

whj :
hich wil] serve for comparing witl

dec: )
ecide on the feasibility of the concept

.22 E :
2.2 Experimenial
rudies of 1 11 and 11 as cassette and discrete were carned

hino e-Dawley nts (n=3 for cach

The pharmacokinetic 3

0 .
ut in young and healthy male 2
ghing 2501255, obt:

appro¥

pment
Guide for the C
ce. no. [NIH] 85-23). Al surgical

2 suitable pre and post —

accordance with the

Spragy
\ined from Laboratory Animal Division of

je protocol was obtained from the

experi :
periment/time point) Wel
¢ instilute,  Animals were

CDRL Prior to the start of the swoy,
tee for Animal Expe
rinciples of The
.on and Welfa

aesthesia. takit
ere executed 11
ments. The animals were

cgular 12h day— mgt

al of tf

Local Ethica] Commit ation of h
are Use of Lakoratery

car Yooy s
ed for in accordance with p

Animals (Department of Health, Educal
out under ether an
sal of carcass w
Animal Exper

nditions withat

procedures were carried

o i .
perative care. Euthanasia and dispo
Ethical Committee fot

guidelines of Local
dard laboratory €o

ho : .
used in plastic cages 1n stan
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¢ycle using non-heat radiating lamp. Standard pelleted laboratory chow (Goldmohar

Laboratory Animal Feed, Lipton India Lid, Chandigach, India) and water were allowed

The rats were acclimatized to this environment for at least 2 days before

ad libitom
In all the studics mentioned below, the dose was

conducting the experiment.
16h) fasting. Blood sampies were collected, sesum was

administered after overnight (12-
at 1200 pm for 10 minutes at 4 °C and were stored at 60 °C

Separated by centrifugation

till analysis.

4.2.2.1 Formulation
¢ studies of I 1T and HI were performed at a dose

Single dose oral pharmacokinet!
48mg of cach of the compound individually or all the

issolved in 1ml of DMSQ: PEG600 (50%:
f 50% DMSO: PEG600 (50%: 50%) was
f 7.5mg/ml of each compouad either

of 15mg/kg/compound/amimal.
three for cassette/discrete formulation were d
50%). To 1mi of the above solution 2ml 0

added resulting in a final concenimation o

individually or in cassetie.

| 5 [), b i E tl c
’ s 2 -50 ](lt recei Vﬂd O. [ll y ln[raga 'i

gavage needle (Perfectum, TW, 20 guage)-

e collected at different time pornts

acokinelic studies wel
Jected by cardtac punciure under

) were collected from inferior

4.2.2.3 Sampling

Blood samples for pharm
5.60 min) WeIE col

. 360 mur
light ether anesthesia. ples (120 jot at 100

dof 1
Venacava, All blood samples Were allowed 10 €% 0 min 8l 4°C and were stored at —
Serum was separated by centrifugation ! 1000 g for

60 °C.
4.2.2.4 Analysis | in the senu samples of dosed s were
The concentratl oned for System b in Section 2.2.5(¢)

€stimated by the sample pi eparation as

up to 6 h post dose. The samples (

) am )
Terminal $ 4 temperature for 30 min.

ons of !, I ﬂlld 1|
menti
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4.2.2.5 Pharmacokinetic aud statistical anal ysis
The clearance (CL), volume of distnbution (Vg), mean residence time (MRT},

climinition phase haif-life (11/2), and area under curve (AUC) of each of the compounds

were deternined from respective scrum concenltrations versus time curve by applying
ﬂOﬂCOH]paﬂmen[a] methods using WIN NONLIN software (SCI consultants, USA).

Mean Absorption Time (MAT) was obtained from the difference in MRTs dernived from
oral and j.v. PK studies. Various weighting schemes (uniform, i/y and 1/(y*y)) were

Used in model fittine and the model with the jeast residuals was selected for the
o
s were performed on the data

®slimation of the parameters. Linear regression analyse
for correlation of the datn generated tn etther

&Chcrated by cassette and disciete dosing

forins of the study.

423 Resuits and discussion . ‘ N
The bioanalytical method developed on LC/MS in SIR provides higher selectivity
This selectivity was not available in

and sensitjvi arry oul the oral PK study.
o S rference from the metabolites of

LC/FIuorescence, where the analyle 1cgions had inte . |
] tsa
Other compounds in the cassette. The LC/MS chromatogram in SIR mf? € I: les : er;; e
1 wn n Figure 1. e
(tnas) fol lowing oral administration of 1, §i and 1l as Cassette 18 sho g &
cofile of all the compounds when administered

Mean (n= centration time p e
(n=3) serum con The pharmacokinetic parameters of L I

diSCrcte as well as cassette is shown 1 Fi

and [ following oral administration 0btain

-

gure-

d by non-compnnrncntal apalysts (umiform
ed I}

Weighting) are given in Table 1.
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than [
and I a t I E
| s cvidenced
M ' b MA
o inv}’ | .ﬂnd ka. rom the critenia of min mum clearance
olved in selection of com o |
& MRT and high AUC pound with -
most Op[im |
um K
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Table 1. (}:)I)zjrlrxlacokinclics of I II & I in oral Cussere dosing (30 mg/kg) studies
Compounds | I 1 N0
Trmax (min) [ i5 IS B
Conax (Dg/m) 140.05 212.7 96.29
k. (min™) . 0024 0.036 0.0227 —_
MAT (min) | 4148 27.34 44
2 (min) f 71 159.67 72
MRT {min) | 8329 125.33 136
CL (L/min/kgy | 122.30 17.73 29.55 at
VoLkg) | 12530 4099 3071
AUC (ng.min/mi) | 2823 10114 7172
_Bioavalability (%) | 3.79 (,‘ gf 7.67 67
are

[ is evident from the concentration-time profile (Figure , Table ), I, I and [1]

fapidly absorbed with concentrations peaking at 15, 15 and 20 win fespagtively,
Ahhough the compounds are rapidly ubsorbed, the bicavailabilities were very tow. This
Phenomenon suggests that itially, the observed Cmux muy be due to ropid absorption
from the stomach owing to bioenhancing effect of PEG 600 and DMSO in the
formulation. This was followed by an irregular concentration-time profile for compounds
Il ang I, while the levels in case of U decreased rapidly by 210 min and at later time
points the levels were below LOQ. A justificanon 1o such behavior might not be possible
With the above data generated but various possibilities can be suggested. The Jow
ﬁbsorp[ion of the compounds may be duc to precipitation followed by slow redissolution
In the {ater non-absorptive portions of the inlestine. Irregular time-concentration profiles
has been reported for Cimitidine (1), Ranitidine (2, 3). Pencillamine (4) where delayed
gastric emptying has been proposed as the reason for the double Pea'k Phe’f"me“"”' Other
POssible mechanisms of this phenomenon include enterohepitic remrc'ulatlon (5')’ SIOf'age
and subsequent release of drug from a post-absorprive depot 5““3 (p'(”‘:‘bly f';e'
Parenchymal celis) (6), and variable absorption rates along the gastrointestinal tract (7).

i ases owing to the fact that a
The probability of enterohepatic recirculation for II mcreas | g - ;
the infravenous concentration-time proftle.

tie dosing indicates the tioavaliabilities
a85C >

Similar phenomenon could be abserved in
fess than [ Cmax

The pharmacokinetic profile of oral ¢ pn-

(s 1 fimes

of I and 11 are comparable,. While thc clcarance of Il is =
is absorbed 1.6 tumes fasrer

.l
Of IT is 2.28 times the concentration of Il Furthermore
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Figure 1; LCvs cbromatograms of test sample in SIR mode !nllowmg oral administration of
LMand myis me/kg) as a Casseqte
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than I and [I as evidenced by MAT and k,. From the criteria of minimum clearance

long MRT and high AUC involved in selection of compou
ecuive of (151111 rank order can be achieved..

nd with most optimum PK

parametcr, the primary obj
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Figure 1; LC/MS chromatograms of lest sample in SIR

mode following gry
I, Tand 111 (15 mg/kg) as a Casserte.
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The concentration-time profile generated bY discrete dosing was found to be

COmparable with that of cassette as evident from Figures 2a, b and c. Similarly the PK
2) was found to be comparable with cassette

data generated by discrete dosing (Table
discrete dosing (30 mg/kg) studies

dOsing,
Table 2: Pharmacokinetics of I, I & I on oral
(n = 3). .
— - 11 III
) I I — 15 20'




The LC/MS chromatogram in SIR mode of test sample (toa) following orai
administration of 1, Il and Il as Discrete is shown in Figure 3. The regression analyses of
the mean serum concentration-time data for all the threc compounds when dosed
individually as well as Casseile followed linear trend indicating a good correlation ot the
data generated between Cassette and Discrete dosing Figure 4a, b, c. There was a goad
correlation of the pharmacokinetic parameters, particularly for Clearance, AUC, V4 and
MRT obiained after Cassetie and individual dosing, while a modesi correlation was
obtained for t,;, and MAT as shown in Figure 52, b, ¢, d, e, f. These results show that the

conclusions drawn on the basis of the PK parameters generated will hold valid for either

dosing scheme. Ultimately the lincar regression analysis of bioavalabilities for I, Il and IIi
obtained by Cassette and Discrete dosing show a very good correlatior, Figure 6,

confirming the applicability of the concept. The ranking of the compounds on the basis of

their bioavailabilities shows II>I1I>1, Figure 7, which is in line with the predictions from
okinetics. From the criteria of lesser clearance,

ex vivg studies and ir vive i. v pharmac
ost gptimum

longer MRT and higher AUC involved in selection of the compound with m

PK parameters, [1=111>] rank order can be achieved by discrete dosing as well.
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Figure3:  LC/MS chromatograms (20 min) in SIR mode following oral administration of I, I
and Il (15 mg/kg) as Discrete.
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“Igure 4. Regression analysis of Mean serum concentration in oral 15 me/kg
Discrete and Cassette Dosing (n=3) of a) I, b) I and ¢) 11,

)
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Figure 5:
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Figure 6: Regression analysis of the bioavailabilities for Cassette Versuy
Discrete dosing (n = 3) of L. I and 111.
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4.2.4  Conclusion
The results of oral PK studies confirms the predictions obtained from the ex vivo

and i. v, PK studies (Section 4.1.4). Moreover, the data generated by Cassette dosing
correlates welil with that obtained by discrete dosing. The number of test samples analyzed,
bioanalysis time and the number of animals involved in the study were reduced by a factor
of 1/3 as compared to Discrete dosing studies. This shows the applicability of tive concept
of Cassettc Dosing to increase the throughput of pharmacokinetic screening.
Furthermore, conventional analytical methods may not always be useful for the application
of the concept. The predictive ability of the concept and the size of the cassette increase

with the application of sensitive and selective bioanalytical techniques such as LC/MS ag

Compared o conventional methods.
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In the guest for increasing the throughput of PK screening, a sensitive bioanalytj
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However, the ultimate ranking of a compound depends on the extent of oral

ioavailability. Further studies were directed to explore into the various aspects involved
i ” inicteatt 1 1 1 1
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measur - - : _
asuring the disappearance of the parent compounds from the incubation mixture. Based

on the disappearance rate constant and ti/2 determined by non-linear regression analysis

the metabolic stability can be ranked as follows IlI>l>L  Similar ranking could be

obtained by carrying out the experiment with discrete compounds. But, the rate constants

determined were significantly different indicating the possibility of the influence of one or

more compounds on the activity of enzyme Ssystems. Ultimately, based on i vitro

metabolism studies, 1 was found 10 be most optimum followed by II and finally III. This

result contradicts the findings of in situ absorption studies, which supports the carlier

statement that prediction cannot be made solely on the basis of either of the experiients.
However. a close observation of the resulis of both the experiments 1 conjunction with the
results if i.v. studies gives a more realistic prediction. Based on the results, it could be
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discrete dosing. Moreover, a good correlation was achieved for MRT, Vg, CL, and AUC in
cassette and discrete dosing showing the feasibility of the concept of cassette dosing in its
totality. Based on the above studics, results, inference and criteria, it can be concluded that
the concept of cassette dosing can be applicd to increase the throughput of PK screening. It
should be noted that the limitations of traditional analytical techniques become more
cxposed especially while carrying out in vitro metabolism and oral PK studies, where the
selectivity and sensitivity of LC/MS become a necessity. It is recognized that with the

application of LC/MS/MS would further accelerate and economize the PK process.



