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Abstract

The present investigation highlights a novel drugatailability enhancing
profile of two related herbs, cumin (white jeerapacaraway (black jeera). In wistar
rat, it was found to that the absolute oral biokamlity of rifampicin was decreased
when administered in combination with isoniazid amygtazinamide. The herbal
products from cumin seed (solvent-derived extrietstions) prominently enhanced
the plasma levels of rifampicin (either alone orcmmbination with isoniazid and
pyrazinamide) when co-administered. This activitgswfound to be located in a
molecule, identified as 3’, 5’-dihydroxyflavone-748D-galacturonide-4’-(3-D-
glucopyranoside from cumin. On the other hand, dlefiroducts from caraway
(solvent-derived extracts/fractions) showed a psamgi enhancement of plasma levels
of all the 3 anti-TB drugs, RIF, INH and PZA (whadministered in combination).

Further studies were also undertaken to evaluaeirttiolvement of known
biochemical regulators of oral bioavailability imet mode of action profile of
cumin/caraway bioactive moieties. It was found thdkavonoid glycoside (identified
as the bioactive molecule from cumin), increasedahsorption of rifampicin across
intestinal absorptive surface, while herbal produfiom caraway increased the
absorption of all the 3 anti-TB drugs. Additionallgvonoid glycoside inhibited (a) P-
gp mediated intestinal efflux, (b) P-gp dependem¢stinal ATPase activity and (c)
Hepatic CYP 3A4 activity (hydroxylation). The bidae moieties have not shown
any mucosal toxicity. In acute, sub-acute (4- weahkll sub-chronic (8-week) toxicity

study, no adverse effects of the bioactive moietiese observed.
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1. Introduction

The goal of a drug delivery system is to achieve sustain therapeutic blood
levels of a drug. Various routes of administratame used for efficient delivery of
drugs in which, peroral route is predominant. @f@motherapy holds great promise
as a cost-effective and patient-friendly methodadministration. However peroral
delivery poses many hurdles starting from drugaliggn in gastrointestinal fluid to
first pass metabolism due to various physicocheémmad biopharmaceutical
problems. With the result oral therapy is limitegldlarge variability in the rate and
extent of absorption into the systemic circulation.

Considerable evidence is accumulating to suggasintilany clinically important
drugs are not optimally utilized. If systemic awadility of a drug averages 20 %, for
example, then 80 % of a dose is simply wasted. dfags that are expensive to
produce and beyond the reach of millions, wasti@@®of the precious substance is
not comprehensible. There is, thus, a need to lséaralternative drug forms having
better action profile in terms of systemic availépiand efficacy. Besides cost-
effective reformulation of known drugs for resougmeor countries of the world is
indeed a great need of the hour.

Improving the bioavailability of major clinical dgs which exhibit
poor/variable bioavailability is now increasinglgibg viewed as a medical need of
great interest. Maximizing oral bioavailabilitytiserapeutically important because the
extent of bioavailability directly influences plaanconc. as well as therapeutic and
toxic outcomes. Poorly bioavailable drugs are ioefht because a major portion of a
dose never reaches the plasma or exerts its phalogamal effect. The inter-subject

variability in bioavailability also remains corréda with the extent of bioavailability.



Therefore low oral bioavailability leads to highriadility and poor control of plasma
conc. and effects. Inter-subject variability istmadarly of concern for a drug with a
narrow therapeutic margin or a steep dose vs.tgifedile [1].

Advances in the pharmaceutical sciences have letigcestablishment of a
number of approaches for addressing poor/varialskd bioavailability. These
strategies include, (a) micronization i.e., coningl the particle size, to produce
increased surface area for dissolution, (b) usabfforms with enhanced dissolution
profiles, (c) polymorphism of crystal size or forselection, (d) solubilization of
lesser soluble drugs by way of chemical modificatemd/or complexation using
cyclodextrins, (e) use of co-solvents for highdubdization, (f) targeted delivery of
drugs at the site of action, (g) micellar solutiofts) use of lipid systems for the
delivery of lipophilic drugs, (i) controlled drugebivery by film coating or use of
polymeric matrices for sustained release of drufs, prodrug approach, (k)
microencapsulation such as liposomes, (l) crysigireeering approaches, (m) use of
permeation enhancers such as, surfactants, fattis,amedium chain glycerides,
steroidal detergents, acyl carnitine and alkanallolks, N-acetylated-amino acids,
N-acetylated normm-amino acids, chitosans and other mucoadhesiverol; and (n)
use of excipients that inhibit secretory transg@rt 3]. Although several of these
approaches seemed to have potential to improve mcdvailability of poorly
bioavailable drugs, many of these which have beed &s an adjunct to produce a
better drug profile, have put another burden se¢hgy/nthetic agents are, by and large,
toxic in short/long term use. This has created stmmoedical need to devise new
strategies in order to improve the action profii@xsting/new drugs.

During past 20 years, extensive experimental rebehas been conducted at

Indian Institute of Integrative Medicine (CSIR)nd&u (formerly known as Regional



Research Laboratory, Jammu) to address the probdénmpoor/variable oral
bioavailability of clinically important drugs, baseon the clues from Ayurvedic
literature - a journey from traditional wisdom toodern therapeutic approach.
Traditional Ayurvedic medicines often comprise ef/eral poly-herbal formulations.
A frequent and consistent repetition of certainblaés individually or as group was
noticed in large number of Ayurvedic prescriptiorcommended for variety of
indications. One and foremost group of such henvaish has been documented very
frequently as essential part of about 70 % presorip was ‘Trikatu’. ‘Trikatu’ (the
three acrids) comprise of long pepper, black pepgmed dry ginger in equal
proportions. According to Ayurveda, these threadsccollectively act as "kapha-
vatta-pitta-haratvam” which means “correctors @ three humours (doshas) of the
human organism”. Out of 370 compound formulatioistetl in the Handbook of
Domestic Medicines and Common Ayurvedic Remedi&8, @ntain either trikatu or
its individual ingredients [4].

Systematic and scientific investigations in comboras with several modern
drugs revealed the important role of ‘Trikatu’ ashancer of oral drug bioavailability
[5]. Further while investigating influence of comamts of ‘Trikatu’, experimental
evidences revealed that this property was locatedPiper sp. A single major
alkaloidal constituent, piperine, from black peppers found to be responsible for
bioavailability enhancing effect. In 1995, IlIMadhmu secured a US Patent for ‘a
process for preparation of a new pharmaceuticalposition with enhanced activity
for the treatment of tuberculosis and lepro@nnexure I). To describe this action
profile a new term ‘bioenhancer’ was coined bysheentist at 1.1.1.M, Jammu.

The basic concept of bioenhancers was also captlssivhere, and several

studies validated it for wide categories of drugafmacologically active substances.



A patent mapping revealed that from the year 19@%e( first patent was grated to
[1IM, Jammu) to the year 2008, 55 US patents haenlfiled and granted worldwide
on the preparation and use of bioenhant&nsmexure 1).

During the last 5 years, extensive brain stormiags®ns were held at the
Division of Pharmacology, IlIM, Jammu, and inputsceived from herbalists/
traditional healers, modern cell biology expertsd also from documented Materia
Medica, coupled with evidences for prior use bgnhas, it was envisaged that Indian
spice herbs could be a potential source for bioecdrs. It has been hypothesized
that a bioenhancer could act as kaological response modifieressentially via
modulating ‘synergy’, and this may be one of thdinmarks of action profile of
indigenous drugs using multi-herb compositions [Blring the course of these
investigations many experimental evidences havealed that a bioenhancer may act
by (a) modifying gastrointestinal tract permeatmnoperties (b) inhibiting the rate of
CYP 450 enzymes mediated degradation of drug ar/imMestine, and/or (c) reducing
the P-gp-mediated intestinal efflux mechanism. s@gbently a large number of
herbal products (in the form of solvent-derived ragt/fractions/subfractions/pure
isolates) continued to be investigated for theisgtiole bioavailability enhancing
profile when co-administered with wide categowésirugs such as anti-tuberculosis
(anti-TB), anti-cancer and antifungals.

Among such herbs, seeds of one spice h€&lminum cyminunshowed a
promising bioavailability enhancing effect on rifpimin (RIF). In a collateral
exploratory study the seeds of another relatedespa&rb,Carum carvishowed a
promising bioavailability enhancing effect on 3 gsuwhen co-administered with a

combination of RIF, pyrazinamide (PZA), and isamnia(INH).



The object of the present investigation was to rektde activity spectrum of
both cumin and caraway seed (since they bear aogéyktic relationship, parsley
variety), with respect to bioavailability enhanceref orally co-administered anti-
TB drugs. The work components included (a) prepamadf solvent-derived herbal
product(s), (b) chemical standardization of theivacimoieties, (c) isolation and
identification of active constituent(s), (d) phawcuokinetic interactions and

bioavailability assessment, and (e) identificatdbhhe mode of action.

Bibliography

[1] Aungst B.J. Intestinal Permeation Enhancersurdal of Pharmacy &
Pharmacology. 2000, 89: 429-441.

[2] Aungst B.J. Novel formulation strategies forpgraving oral bioavailability of
drug with poor membrane permeation or presystengtabolism. Journal of
Pharmaceutical Sciences. 1993, 82: 979-987.

[3] Blagden N., De Matas M., Gavan P.T., York Pystal engineering of active
pharmaceutical ingredients to improve solubilitydadlissolution rates.
Advanced Drug Delivery Reviews. 2007, 59:617-630.

[4] CCRIM (Central Council of Research in Indian die@gne and Homeopathy)
1979. Handbook of domestic medicine and common ¥adic remedies.
New Delhi.

[5] Johri R.K., Zutshi U. An Ayurvedic formulatiofirikatu’ and its constituents.
Journal of Ethnopharmacology. 1992, 37: 85-91.

[6] Williamson E.M. Synergy and other interactionia phytomedicines,
Phytomedicine. 2001, 8: 401-407.



AIMS & OBJECTIVES




2. Aims and Objectives of the Present Investigation

» To study the effect of oral administration of herba preparation of
Cuminum cyminum on oral bioavailability of RIF alone and in preseme of

INH and PZA.

» To study the effect of oral administration of herba preparation of Carum

carvi on oral bioavailability of RIF, INH and PZA.

» Toisolate and standardize bioactive natural produt(s) (herbal/ molecule)

» To investigate the mode of action
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3. Review of Literature

3.1 Pharmacokinetics

The science of pharmacokinetics (PK) deals with itnportant aspects of
selecting a drug, dosing regimen, and monitoring thosing for appropriate
therapeutic or toxic effects for an individual. BXplores what the body does to the
drug, andessentially describes the fate of a drug after adhtnation to a living being
and involves several features like the extent aatd of absorption, distribution,
metabolism and excretion referred to as the ADMIgesE four criteria influence the
drug levels and kinetics of drug exposure to tlssuies and hence influence the
performance and pharmacological action of a drug.

Absorption is the movement of a drug into the bkiocghm and is of primary
importance since the drug must be absorbed befoyengdicinal effects can take
place. A drug's pharmacokinetic profile may beralleby adjusting factors that affect
absorption. Stomach is the first place where snaijueous environment an orally
administered drug will dissolve. The rate of dis$ioin is a key target for controlling
the duration of a drug's effect. Absorption isoaisfluenced by gut motility, food
intake and presence of other drugs.

Distribution is the dispersion or disseminationdofig from intravascular space
to extra vascular space (body tissues). It desstibe reversible transfer of drug from
one space to another within the body and is depegrmte certain physiological and
physicochemical factors. Physicochemical factoes gartition coefficient, degree of
ionization and molecular size of the drug. Phygiadal factors are the permeability
between tissues, blood flow, perfusion rate oitesand plasma protein binding.

A drug begins to be broken down as soon as it emiberbody.



Metabolism is this irreversible transformation ofiraig. The majority of small-
molecule drug metabolism is carried out in the rlil®y redox enzymes, termed
cytochrome P450 (CYP 450) enzymes (biotransformatidiotransformation is thus
the process which terminates the drug action acititédes its excretion.

Excretion is the elimination of the drug from thedy. Unless excretion is
complete, accumulation of foreign substances caweradly affect normal
metabolism. Absorption, biotransformation and efiation are first-order: rate
depending upon the conc. of the drug. When bodgjsacity to process the drug

limits the rate, saturated, zero order kinetioshiserved.

A. Compartment models

Compartmental schemes are generally made by filtingtic models to conc.
vs. time course. A compartment is a distinguishaddel of the drug and refers to
those organs and tissues for which the rates @kepand subsequent clearance of a
drug are similar. It is different from anatomic goantments, which are bounded by
fascie. There are five major body compartmentsodblplasma, interstitial fluid, fat
tissue, intracellular fluid, and trans-cellulariflu The trans-cellular compartment
includes fluids in the pleural and peritoneal cavif the distribution of the drug
between blood and tissues is sufficiently rapid dhd equilibrium is attained
instantaneously, body is regarded as single honmgeoompartment. This is one-
compartment model. However most of the drugs illytidistributes at different rates
in various fluids and tissues. Consequently thetitnbehavior of such drugs can be
depicted more realistically by considering the bagytwo-compartment modgtig.
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(a) One compartment

Fig. 1. Compartment models
B. Oral dosing

Non-compartmental PK analysis is dependent on asitm of total drug
exposure and is estimated by the area under thve a@iira plasma conc. -time graph
(AUC). Fig. 2 describes the plasma conc. of a drug versust{mg)curve after single

oral dosing.
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——

T Therapeutic range

B tenswl Lol
//// / . -

-=—Onset Time

Drug concentration in plasma

Fig. 2. Relationship between the drug levels in &b
plasma and the possible effects after oral
administration



The absorption phase may also be depicted as swlan drug or eliminated
drug. During the rising part of the curve the ratebsorption is greater than the rate
of elimination. During the declining phase of thewe, rate of elimination is greater
than the rate of absorption. The faster the absormif a drug, the larger is the peak
conc. in plasma vs. time curve.

From these curves important information is generateth respect to (a)
absorption rate constant ,(k and the elimination rate constanty)k taking into
account whether the data fits into one-, or twanpartment model, and whetheg, k
>> kg, Or vice versa, (b) the time at which the pealsipla conc. occurs k), which
is determined by the value of the rate constants(enarea under the curve (AUC)
which is a useful measure of the amount of drugoddexl and eliminated. The
constants namely peak plasma concmac Tmax @and AUC are the kinetic
determinants of oral bioavailability of a drug. eltotal area under Ct x t vs. time is
defined as the area under the first moment cunéM&). AUMC/AUC is the mean
retention time (MRT). MRT gives a quantitative esdte of the persistence time of a
drug in the body and is a function both of disttibn and elimination.

An effective dose is the smallest amount of a dregquired to produce a
measurable effect and the dosing refers to theegsoof administering a measured
amount of a drug. A route of administration is gfah by which a drug is brought
into the systemic circulation. It can be topical focal effect, enteral (oral), or
parenteral (non-oral).

Therapeutic window is the range of the amount alray that gives an effect
(effective dose) and the amount that gives an aéveifect. Narrow therapeutic index

is when the ratio of toxic dose/therapeutic dodess than ten.
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A conc. vs. time profile of a drug in the bloodtl®e net result of several
processes. A lagg plasma conc. vs. time plot yields a linear plowinich the straight
line may be extrapolated back to obtain the cohth® drug in plasma at time zero.
This theoretical conc. is otherwise not measuralylessampling since mixing of the
drug is not instantaneous. The half-lifgftis the time taken for the conc. of the
blood or plasma to decline to half of its origivalue and remains constant over the

entire period. For first order reaction:

dc/dt = kx,
or, dc/c =ldt;
orlict=Ing—-Kk t;

or Irct/co = -k t, where t = Irci/c

At 1), ci/co = 0.5, so that
In 0.5 = 0.693.

Therefore, t, = 0.693/k. k; is the elimination rate constantegfkand is a
proportionality constant representing the fractodrdrug eliminated per unit of time.
For example if |g is 0.1/min, 10 percent of the drug at any instame would be
eliminated in one minute. It is a constant and pahelent of initial conc. and values
will be uniform throughout the entire processp t= 0.693/k describes the
relationship between these two constants. Wittt firsler elimination, at a certain
point in therapy, the amount of drug administeredirdy a dosing interval exactly
replaces the amount of drug excreted. When thigliequm occurs (rate in = rate
out), steady-state is reached. For zero order psoce

dc/dt = ok

or ct ko t,
so that 0.5 ¢ — ko t10, and
1k = 0.5 @/Ko;
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here, 12 is not dependent of conc. From the ¢f a drug or elimination rate constant
one can predict a dosing regimen. If the drug vemievery {,, the accumulation at
steady state will be two-fold relative to the fidgtse. In such cases the loading dose is
two-times the maintenance dose. When a drug isngoyeoral route, it requires 4

times the 4, of drug to reach an average conc. within 10 %hefdteady-state conc.

C. Intravenous dosing
Fig. 3 represents a semi-logarithmic plot of plasma caneasured after an

intravenous (i.v.) dose (solid line).
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Fig. 3. Log plasma conc. vs. time curve

The plasma level decline can be divided into twagas, (1) and (2). Phase (1)
shows the distribution of drug from the central pamiment (plasma and rapidly
distributed tissues), into the second compartméfter a certain time period,
equilibrium will be attained and the two compartitsewill behave as one: the plot
therefore becomes log/linear (2) (Line b).

This log/linear phase represent elimination from tlentral compartment which

is now in equilibrium with the second compartmértie slope of line (b) is used to
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determine a rate constarfi),( which is a hybrid rate constant which governs th
overall elimination rate of the drug. The,twhich is calculated using this rate
constant f§), is the biologicalit,. The zero time intercept (B) represents the cohc.
the drug distributed instantaneously in both thegartments. Line (a) represents the
difference of G values which lie on line (b) from the real valwé#sC,. Slope of this
line gives rate constant which governs the distribution of the drug in gecond
compartment. The intercept (A) when added to iefetr¢B) gives the § theoretical
conc. of the drug at time zero. From this plot masgful parameters are derived:

Biological4= 0.6938;
Volume of distribution () = Dose/B, or
Vg = Cly/B;
Volume of central compartment (/= Dose/ A+B,;
Cp=A& +Be
AUC = A4 + B/B.

D. Volume of distribution (V4) and Clearance (Cl)

Drug dosage regimens are determined by two basenpers; (i) W, which
determines the amount of drug required to achieterget conc. and (ii) Cl, which
determines the dosage rate to maintain an avetagdysstate conc. A drug'sy V6
that volume of body fluid into which a drug doselissolved. It does not refer to any
identifiable compartment in the body. It is simghg size of a compartment necessary
to account for the amount of drug in the body. Galhedrug conc. are analyzed in
blood, plasma or serum, representing the apparelume throughout which the
amount of drug would need to distribute in ordeptoduce the measured conc. This
relationship is described by the equatian?/Dose/G. Variability between drug with
respect to Y is because of proportional differences of the demaining in plasma.

Water soluble drugs or drugs with high plasma bigdnave a high plasma conc.
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relative to the dose, so that theig i¥ low. On the other hand, lipid soluble drugs or
the drugs which have high tissue binding have agtasma conc. relative to the dose,
so that their ¥ is high. \4, multiplied by the known effective conc. of a druy
plasma determines the loading dose.

A drug starts to be eliminated as soon as it i9diesl. Cl defines how a dose is
to be given, at a rate that balances its clearaaee It is not an indicator of how
much drug is being removed, but only representdtigeretical volume of blood or
plasma which is totally cleared of drug per uniédi It is related to the volume in
which the drug is dissolved {yand the rate at which it goes out (related ot k).
Therefore CI is defined as the product of ¥ kg. For intravenous route, the

clearance, Gl= Dose/ AUC [7, 8].

3.2 Bioavailability

Bioavailability (expressed as the letter F) dessibthe fraction of an
administered dose of unchanged drug that reachesystemic circulation and is
available at the site of action. When a drug is iatstered via i.v. route, its
bioavailability is 100%. However, when it is adnsit@red via other routes (such as
orally), its bioavailability decreases (due to inguete absorption and first pass
metabolism). Bioavailability is one of the essdntamls in pharmacokinetics and is
critically regulated by a drug’s absorption pattern
A. Absolute bioavailability: It is the fraction of the drug absorbed througim-ng.
route compared with the corresponding i.v. routéhefsame drug. The comparison is
generally dose normalized if different doses amedu#\ drug given by the i.v. route
will have an absolute bioavailability of 1 (F=1) Néhdrugs given by other routes

usually have an absolute bioavailability of <1.

14



B. Relative bioavailability: It measures the bioavailability of a certain dmlgen
compared with another formulation of the same dusgally an established standard,
or through administration via a different route.l&ige bioavailability is one of the
measures used to assess bioequivalence betweetrigyroducts. ldentical drugs
can produce different results depending on theerotiadministration. Various factors
reduce the availability of drugs when administelogdnon-i.v. routes. These include
physical properties of the drug (hydrophobicity, gksolubility), drug formulation
(immediate release, excipients used, manufactunmeghods, modified release -
delayed release, extended release, sustainedagktas), fed or fasting conditions,
gastric emptying rate, circadian differences, et&ons with other drugs/foods, GIT
factors, individual variation in metabolic differees, age, gender, disease conditions,

phenotypic differences, entero-hepatic circulaaod diet patterns [9].

C. Bioavailability indices: (AUC and Cpax)

The absorption process influences the quantitagieton of all xenobiotics.
Bioavailability is quantified by the determinatiohthe conc. of the drug in the blood
plasma at given time intervals following adminisba. From theFig. 2, following
information can be obtained (i\& (i) The rate of absorption, i.e., the time betwe
the administration and the achievemeptxBnd (c) Total amount absorbed. This is
measured from the area under the plasma conc.€timre and is expressed as AUC.

Fig. 4A-B shows how the variations of these parameterstatiecquantitative

action of the drug.
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Fig. 4A. Three patterns for the same drug in which
the rate of absorption varied while the total amadun
absorbed (AUC) was unchanged. A, Therapeutic
level not attained; B, Therapeutic level attaine@;
Toxic level attained.
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Fig. 4B. Three patterns for the same drug in
which the rate of absorption was same but the
extent of absorption varied. A, Therapeutic levels
not attained; B, Therapeutic level attained; C,
Toxic level attained.
Fig. 4A depicts three hypothetical examples for the sarag oh which the rate
of absorption varied while the AUC remained unclethd-ig. 4B depicts three

examples in which rate remained the same, butrdwidn of the amount absorbed
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varied. These examples show that for a rapid aatrag or for drugs with a narrow
safety margin, the rate of absorption is importavitjle for long acting and with

repeated dosing of a drug, the amount absorbedmsnmaportant [10].

D. Site of drug absorption: The Intestine

In the gastro-intestinal tract (GIT) the small stiee represents the largest
absorptive surface, about 206 i an adult human and is endowed with an abundant
blood supply and thus because of is much largdaseirand better supply, plays a
greater role in the absorption of xenobiotics. dtitee is a complex biological
membrane and is composed essentially of the mucgmdhelial cells, the tight
junction and inter-cellular spaces, the glycocatpvering the luminal face of the
brush border, and the unstirred water layer immebjiaadjacent to the luminal face
of the glycocalyx.

The overall permeability of the gut is thereforeamposite of the permeability
properties of its constituents and favours direwldransport from the lumen into the
sub-epithelial tissue.

The term ‘intestinal permeation’ refers to the mex of passage of various
substances across the gut wall, either from theesfumto the blood or lymph, or in
the opposite direction. ‘Permeability’ is the cdamah of the gut which governs the
rate of this complex two-way process.

Majority of orally administered drugs are absorbedm the intestine via
diffusion. The kinetics of this process is deteradiby the factors expressed in Fick’'s
law. According to this law the rate of diffusion/dtj i.e., the number of solutes (dn),
crossing the area A in time dt over a distance (dxproportional to the conc.

difference dc/dx; dn/dt = DA x dc/ dx, where D etdiffusion coefficient. Since a
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lipid membrane is interposed in the path of diffussand represents a lipid barrier, it
follows that the lipid solubility of the solute wiblay a significant role in the trans-
cellular intestinal transport.

Since the luminal surface of the intestine is lineith a ‘leaky’ epithelium,
membrane itself does not offer any resistance fldve of solutes is essentially by
diffusion.

By knowing the diameter of the membrane, the tewrisdincluded in a new
coefficient, the ‘permeability coefficient’ P andas the dimensions of velocity.
Fick’s law in terms of the permeability constanisRyenerally expressed as: dn/dt =
PA dc. Intestinal permeation is essentially a twayswrocess: flow of substances
from the lumen into the blood stream (absorptior the flow from the blood stream

into the lumen (exsorption) [10].

3.3 Bio-analytical Aspects

A pharmacokineticist is mainly concerned with tlegedmination of drug levels
in plasma for establishing a conc. vs. time profiteorder to measure accurate drug
conc., the usefulness of high performance liquicbetatography (HPLC) cannot be
overstated.

Today, the most important bio-analytical tool is llIR due to its superior
gualitative and quantitative results, reprodudpijlinigh detection sensitivity and

unsurpassed reliability.
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Fig. 5. HPLC components

In an elution chromatographic separation analytiésrdrom each other only in
their residence time in or at the stationary phasd,produces features related to peak
width, peak symmetry (measured at 10 % of the pe#dht) and retention times.

A. Normal phase chromatography:It is employed for the separation of non-ionic,
non-polar to medium polar substances, which isesgd by interaction of stationary
phase’s polar surface with polar parts of the sammpblecules. The stationary phase is
usually SiQ, Al,Os, -NH,, -CN, -Diol, -NG,, while the mobile phase solvents are
heptane, hexane, cyclo-hexane, chloroform (GHGdi-chloromethane (Cily),
dioxane and methanol (MeOH).

B. Reversed phase (RP) chromatographytt is employed for separation of non-
ionic and ion-forming non-polar to medium polar stamces (carboxylic acids —
hydrocarbons). If ion forming substances (as caylixacids) are to be separated, a
pH control by buffers is necessary. RP-HPLC is mfysguently used liquid
chromatographic technique and in comparison withm@ab phase applications, has
several advantages; (i) It is more stable and capmible (ii) allows the use of various
mobile phases and buffer additives, and (iii) cam dasily controlled either

isocratically or in the gradient mode. The statignphase is usually C-8 or C-18
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while the mobile phase solvents are acetonitril€€), MeOH, tetrahydrofuran
(THF) with organic modifiers like acetic acid, foieracid, phosphate, acetate, citrate,
and formet buffer.

Table 1. Normal and reverse phase chromatography

Normal Phase Reversed Rea
Polarity of stationary phase High Low
Polarity of mobile phase Low to medium Medium to high
Sample elution order Least polattfirs Most polar first
Retention can be increased Increasing surface of Increasing surface of
By: statiary phase stationary phase
Reducing polarity of mobile Increasm@lkyl-chain
phase length of stationary phase
Reducing water content Increasing polarity of
of mobile phase maobibhase
(with non- inEreasing water
polar eluents) cemt)
Increasing polarity of Recwugpolarity of
sample molecules sampdécules

C. Sample preparation : The common methods employed in sample preparat®n a
weighing, dilution, filtration, evaporation, pH adiment, vortexing, internal
standards addition, conc., centrifugation, liqugid extraction and solid-phase
extraction.

D. Liquid liquid extraction (LLE): LLE partitions a sample between two
immiscible phases to separate analytes from integienatrix. Out of the two phases,
one is usually aqueous and the other is organielytes extracted into the organic
phase are easily recovered by evaporation of tlversi while analytes extracted into
the aqueous phase can be injected directly ontBlaCHolumn.

E. Solid phase extraction (SPE)The advantages of the SPE compared to classical
liquid-liquid extraction are the low solvent consption, the enormous time saving

and the potential for automation. SPE offers a mualé of adsorbents for polar,
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hydrophobic and/or ionic interactions, while LLElisited to partition equilibriums
in the liquid phase. The main objectives of SPEtarprepare selective and specific
sample by removing interfering matrix componentsriéhment of samples can
increase the detection sensitivity by 100 to 50@tes$. The analytes can be either
adsorbed on the SPE packing material or directiw fthrough while the interfering
substances are retained. Primary goal of SPE estset extraction of components of
interest from a complex sample or much larger samyalumes prior to actual
analysis by HPLC.

F. Mobile phase:Mobile phasas a mixture of aqueous and an organic solvent lwhic
is miscible with water. Solvent selectivity is thbility of a solvent to resolve two or
more peaks on a given stationary phase. For revepbase separation, water,
acetonitrile, tetrahydrofuran, methanol, or isoptagdcohol are most commonly used
as binary mixtures. Sample retention can be cdattddy varying the solvent strength
of mobile phase. Time of elution of an analyte awjseto a large degree on the water
content of the organic solvent and may be adjustidgher conc. of the organic
solvent will cause shorter retention time. Solveegassing ensures stability and
reproducibility of HPLC operations, as the dissdiaxygen interferes with detector
performance. Filtering the mobile phase and samptesents column blockage by
removing particulate substances and make themcmiftly transparent. Solvent
delivery system comprises of reciprocating/syringemp which needs to be
optimized for accuracy and gradient linearity.

G. HPLC column: Column selection is based on the type of the satoptetermine
how the analytes will physically and chemicallyeirgct with the packing material.

Particle size and column dimensions are the mdectsen criteria. C18 stationary
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phase also named octadecylsilane or ODS is mostmooty used in method
development and routine analysis.
H. Particle size and efficiency:Short diffusion paths in the pores of the statigna
phase are required for achieving high column efficy. Smaller particles offer
shortest diffusion paths. A well-packed 3 um HPL&umn has about twice the
separation efficiency of a 5 um column.
|. Flow rate and inner diameter: Small column size is mostly preferred because it
allows much higher detector sensitivity. Simultamngg the consumption of solvent is
decreased due to lower flow rates.
J. Signal/noise ratio: Signals (S) refers to the baseline-corrected &@lasmwe of the
analyte peak and noise (N) refers to the width ld baseline contributed by
interference from light, detector electronics, tengpure variations and pump noise
etc.
3.4 Validation of Analytical method

Analytical method validatioris a critical component. In order to minimize
variation, assay of samples are carried out om@lesiday, relating to standard curve
of each day. Also, quality control (QC) samples rarme each day. These are samples
of known conc. (low, medium and high), preparedspiking drug-free biological
fluid with drug. The QC samples help in determiningga-day accuracy and precision
of the analytical method. The standard solutiores @r conc. different from QC
samples and from lowest to highest conc. that cteldanticipated for a particular
study. The regression line to fit the linear (gfhiline) standard curve is based on
least squares analysis, weighted or unweighted.
A. Sensitivity. The limit of detection (LOD) is the lowest coné.dsug that will yield

an assay response significantly different from thlaa sample blank, whereas the
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limit of quantitation (LOQ) (sensitivity) is the Wwest conc. of drug that can be
determined with acceptable precision under the rgiexperimental conditions.
Specificity is important for a drug to be deterndne order to identify a possible
interference at the respective retention time af\da.

B. Accuracy. The term ‘accuracy’ is a measure of the degreefhiclwa mean (m)
obtained from a series of experimental measurensgrees with the valua, which

is accepted as the true or correct value for trentjty measured. Absolute accuracy
of a mean is defines nm, and of an individual measurement, xfn.—-Relative
accuracy of a mean is calculated by (rm)m, and percent accuracy by 100 x (m —
m)/ m. Generally from replicate measurements, megraducible data is obtained
and the mean is considered to be the best estiohdtes true valuel). For HPLC
protocols accuracy applies to both absolute anativel recovery, and indicated in
terms of mean conc., standard deviation and caeefticof variation, of overall
individual QC samples at each conc.

C. Precision. The term ‘precision’ describes the reproducibildf measurements
within a set. It is used to show scatter or disgperbetween numeric values in a set of
measurements that have been determined underrtiee azaalytical parameters small
value ofo, indicates higher precision than a large value.ofGenerally ‘standard
deviation’(s) is a more reliable expression of men and is widely used for
determining statistical significance. A more medgfuh way to compare precision
between different samples is to calculate relasieadard deviation (RSD), which is
equal to (s)/m. The standard error of the mean (BE&ermines the limits or the
intervals on either side of ‘m’ within which theie68 % probability or confidence of
finding the true valuep), assuming a normal frequency distribution anddoam

sampling [11].
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3.5 Documented reports regarding determination of ati-TB drugs by HPLC
A literature survey has revealed several reportachv deal with the

determination of anti-TB drugs by HPLC in biolodicaamples. These are

summarized below

Table 2. Documented HPLC analysis of anti-TB drug$1977-2007)

Year Drug Investigators Ref
1977 INH Saxena et al. 12
1978 RIF Lecaillon et al. 13
1986 RIF Chan et al. 14
1993 RIF+INH+PZA Seifert et al. 15
1994 RIF+INH+PZA Walubo et al. 16
1995 INH Hansen et al. 17
1996 INH Sedag et al. 18
1998 PZA, INH Kraemer et al.; Moussa et al. 29,
1998 RIF+INH+PZA Khushawar and Rind. 21
1999 RIF+INH+PZA Panchgnula et al.; Smith etal. 22, 23
2000 PZA Conte et al. 24
2002 RIF+INH+PZA Calleri et al.; Khushawar and &in 25, 26
2003 RIF+INH+PZA Mohan et al. 27
2004 RIF Hemantha Kumar et al. 28
2005 RIF+INH+PZA Unsalan et al. 29
2006 RIF+INH+PZA Mcllleron et al. 30
2007 RIF+INH+PZA Song et al. 31
+ ETM

2007 RIF+INH+PZA Glass et al. 32
2007 RIF Ruslami et al. 33
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3.6 Anti-TB drugs

A. Rifampicin (RIF)

RIF is the most effective drug available for theatment of tuberculosis.
Primary mechanism of action of RIF is via inhibitiamf DNA-dependent RNA
polymerase in susceptible strains of bacteria. -Bebaunit of this complex enzyme is
the site of action of this drug.

The oral administration of RIF produces peak cam@lasma in 2 to 4 h and is
rapidly eliminated in bile, and undergoes an ent@patic circulation. faxis in the
range of 4-32 pg/niB5].

During next 6 h drug is in de-acetylated form. Thigtabolite is also anti-
bacterial. The half-life of RIF varies from 1.5-5ahd shortened later during 14 days
due to hepatic microsomal enzymes. Up to 30 % efditug is excreted in urine, and
up to 65 % in faeces. RIF is distributed well tigbaut the body. RIF is completely

absorbed.
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Fig. 6A. Rifampicin

[2,7-(Epoxypentadeca [1,11,13] trienimino) naphthg,}1-
b]furan-1,11(2H)-dione,5,6,9,17,19,21-hexahydroxg-2
methoxy-2,4,12,16,18,20,{22-heptam-ethyl-8-[N-(4thyd-1-
piperazinyl) formimidoyl]-,} 21-acetate

(MW, 822.94, m.p. 18%]
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B. Isoniazid (INH)

INH is considered to be the most important drug tlee chemotherapy of
tuberculosis (TB). It is the hydrazide of isonioati acid and is bacteriostatic for
resting bacilli but also inhibits the multiplicaticof the tubercular bacillus, as it is
remarkably selective for mycobacteria.

INH is readily absorbed when administered eithedlpror parenterally. 75-95
% of a dose is excreted in the urine within 24 lostly as metabolites (acetyl INH
and isonicotinic acid). Human beings show genegitetogeneity with regard to the
rate of acetylation of INH.

The rate of acetylation affects the conc. of thegdn plasma and it/ in the
circulation. INH is a prodrug, and its anti-TB fuioo requires in vivo activation by
bacterial KatG, an enzyme with dual activities afatase and peroxidase.

INH activation leads to inhibition of the synthesismycolic acids, a long chain
fatty acid containing component of the bacteridl wall. In this pathway Inh A
(enoyl ACP reductase) and Kas A (beta-ketoacyl A@Rhase) have been identified

as the targets of INH inhibition [35].
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Fig. 6B. Isoniazid

(Isonicotinic acid hydrazide, MW, 137 h,p., 171.2C)
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C. Pyrazinamide (PZA)

PZA is the synthetic pyrazine analogue of nicotirtemis also the pro-drug that
requires activation or conversion to its activenipipyrazinoic acid (POA) by the
PZase/nicotinamidase enzyme. PZA/POA is more actgainst semi-dormant
organisms than actively growing bacilli. The targétPZA/POA appears to be the
membrane. PZA is an important component of thetdkam (6 months) multiple-
drug therapy of tuberculosis. It is well absorbednf the GIT, and is widely
distributed throughout the body. The maximum plasorac. is achieved at 2 h of oral
dosing. The drug is excreted by renal glomerulération. It is hydrolyzed to POA
and subsequently hydroxylated to 5-hydroxy-POA, clwhis the main excretory

product [35].

7N NH,

Fig. 6C. Pyrazinamide
(Pyrazine carboxamide, MW 123.1, m.p9419FC)

3.7 Bioavailability concerns related to anti-TB drugs

RIF, PZA and INH in a fixed dose combination (FOE€xonsidered a frontline
anti-TB therapy. However, RIF a key drug exhibigsiable bioavailability from solid
oral dosage forms and this problem is more appavaeh it is formulated as FDC in
presence of other first-line anti-TB drugs, andsthhas been a matter of clinical

concern [36-37]. In this context various extringind intrinsic factors have bee
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assessed [38]. Although the origin and cause optbblem is not clearly understood,
several underlying reasons are (a) changes in atligst forms of RIF, (b)
manufacturing practices, (c) adsorption by excifge(d) formulation factors, and (e)
drug decomposition in formulations [39].

Evaluation of sources of biopharmaceutic pharmawila variations have been
undertaken to facilitate optimization of TB tre&tmh regimens by identification of
avoidable sources of variation and of risk facttos low or high drug conc. in
patients [40-42].

Among the various physical/chemical factors that passibly be the reasons
for the variable bioavailability of RIF from FDC &®TB products, one that explains
most of the issues is the rapid decomposition d¥ RI the presence of INH in
stomach acidic conditions: acidic hydrolysis of RtF3-formylrifamycin under acid
conditions and reaction of the latter with INH lsathb formation of isonicotinyl
hydrazone [36, 43]. Rate of degradation of RIFh@ presence of INH is reported to
be about two times more than that of RIF aloneamficin degrades by 12.4% to
form 3-formyl RIF while in presence of INH; the dadation is catalyzed to about
21.5% [44]. Several factors independently assodiatéh variations in anti-TB drug
conc. were identified: human immunodeficiency vimfection, gender, age, history

of previous anti-TB treatment, dosing, fasting &t conditions [39, 45].

3.8 Formulation strategide improve the bioavailability

In order to improve the oral bioavailability of RIFnany pharmaceutical
strategies have been explored, like protecting fRdf exposure to acid by enteric
coating, by simultaneous administration of solublkalinizers, or through use of

specific additives in formulation [39].
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Several novel drug delivery approaches have beeslaged in order to address
issues of unacceptable RIF bioavailability on coisstration with INH [46, 47].
These include implant-, microparticulate-, and ®asi other carrier-based drug
delivery systems like liposomes, incorporating phi@cipal anti-TB agents that either
target the site of TB infection or reduce the dgsfrequency with the aim of
improving patient outcomes.

A multiparticulate drug delivery system is desighedattainment of segregated
gastrointestinal delivery of RIF and INH. These aweotropically cross linked
polymeric enterospheres for delivery of INH to thmall intestine [48, 49]. A
synthetic polymer (poly lactide-co-glycolide)-namoficle encapsulated- (RIF + INH
+ PZA) combination has shown improvement in therpizeokinetic parameters in a
murine TB model. The relative/absolute bioavailiépibf the 4 anti-TB drugs was
enhanced several fold. This polymeric nanopartiésed oral combination showed
significant potential to shorten the duration of giBmotherapy, besides reducing the
dosing frequency [50-52].

Chemotherapeutic potential of a nebulized solididligarticles (SLPSs)
incorporating RIF, INH and PZA against experimeritdderculosis showed several
fold improvement in the mean residence time andjdvioavailability. A similar
pharmacokinetic profile was also observedMgcobacterium tuberculosi@VTB)-
infected guinea pigs [50, 53-55].

Nano-particle and alginate chitosan microspheresedarug delivery systems
have also been explored [52]. A micelle-forming pmdymer with INH has been
evaluated for potential use [56]. Sustained rel&d&eloaded microspheres have been
reported to effectively treat MTB-infected macrogbls in mice and also used along

with INH in vivo [57].
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3.9 Cuminum cyminumL. and Carum carvil.

Cumin Herb Caraway herb

SEED SEED
Fig. 7. Cumin and Caraway Herbs-Seeds

Cumin (white jeera) and caraway (black jeera) sewmeleng respectively to
Cuminum cyminumL. and Carum carvi L, which are herbaceous, annual,
umbelliferous flowering plants, rarely exceedinfpat in height and are native from
India to Mediterranean. Cumin and caraway are betieto be one of the earliest
cultivated herbs and has been in use since Bibticaés both as a spice and a
medicine.

Romans used ground cumin much like black peppeused today. It was

introduced to the Americas by Spanish colonistsa®ay is the main ingredient in
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the scandinavian "Schnapps" and the German "kumnhetlay, cumin/caraway are
popular spices all over the world for their distime aroma, due to its essential oil
content.

The cumin/caraway seed of herbal medicine is a giaden fruit of the parsley
family, and their phytochemical analysis has resgalariety of glycosides and its

derivatives [58- 66].

A. Ethnomedical/Folklore usage:

In indigenous medicine cumin/caraway seé@dse long been considered
stimulant, carminative, stomachic, astringent, -aptismodic, aphrodisiac,
galactagogue and used as, stomachic, stimulamjrcative, and antimicrobial.

It has been shown to be effective in treating iedigpn, diarrhea, dyspepsia,
flatulence, morning sickness, colic and dyspepdadache and bloating, and is said to
promote the assimilation of other herbs and to aweiiver function.

Vapors from caraway seeds are reported to givesf relpatients suffering from
lumbago and rheumatism. Caraway water finds usea agehicle for pediatric
medicines. In mixture with alcohol and castor diljs used for the treatment of

scabies [67-72].

According to Ayurveda, jeera exhibits the followipgpperties.

Laghu (light), Ruksha (dry)
Katu (Punjent)
Ushna (Hot)
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B. Pharmacological activities:
In several experimental studies botanical prodfrot® Cuminum cyminurmand

Carum carvihave shown diverse pharmacological eff¢ttble 3A-B).

Table 3A. Bioactivity profile of Carum carvi

Activity Invesigators Ref
Antibacterial, Antimicrobial lacobellis et al., @5 73
Mhady et al., 2005 74
Anti-oxidant Satyanarayana et al., 2004 75
Cholesterol lowering Lemhadri et al., 2006 76
Diuretic Lahlou et al., 2007 77
Anti-ulcer Khayyal et al., 2001 78
Hypoglycaemic Eddouks et al., 2004 79
Anti-carcinogenic, chemopreventive Nader-KhaliD0® 80
Deeptha et al, 2006 81
Kamaleeshwari and Nalini, 2006 82
Mazaki et al., 2006 83

Activity Invesigators Ref
Antibacterial, Antimicrobial Shetty et al., 1994 84
Agnihotri and Vaidya, 1996 85
Ozcan and Erkmen, 2001 86
Singh et al., 2002 87
lacobellis et al., 2005 73
Singh et al., 2005 88
Nostro et al., 2005 89
Manuel et al., 2008 90
Contd



Shayegh et al., 2008 91

Antioxidant Martinez-Tome et al., 2001 92
Satyanarayana et al., 2004 79
Thippeswamy and Naidu., 2005 93
Singh et al., 2005 88
Topal et al., 2007 94
Anti-hyperlipidemic, Cholesterol =~ Sambaiah and S&gian, 1991 95
lowering Dhandapani et al., 2002 96
Kode et al., 2005 97
GIT effects Vasudevan et al., 2000 98
Platel and Srinivasan, 2001 99
Ovicidal Tunc et al., 2000 100
Tyrosinase inhibitor Kubo and Kinst-Hori et 1998 101
Anti-fertility Garg, 1976 102
Aldose reductase glycosidase Lee, 2005 103
inhibitor
Anti-carcinogenic, chemopreventive Nalini et aDOB 104
Gagandeep et al., 2003 105
Aruna and Sivaramakrishnan, 1992 106
Nalini et al., 1998 107
Anti-diabetic, hypoglycaemic Roman-Ramos et &#93 108
Dhandapani et al., 2002 96
Srinivasan, 2005 109
Estrogenic Malini and Vanithakumari, 1987 110
Smooth muscle relaxant Boskabady et al., 2005 111
Antiepileptic Janahmadi et al., 2005 112
Cytoprotective Aruna et al., 2005 113
Antiepileptic Janahmadi, 2005 112
Anti-platelet aggregatory Srivastava, 1989 114
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MATERIALS & METHODS




4. Material and Methods

4.1 Plant Materials
Following types of seeds were identified and auticated by Dr. B.K. Kapahi,

Senior Taxonomist of IlIM, Jammu.

Type Herb Source
Cumin- White jeera | Cuminum Hot, semi-arid region of]
cyminum Guijarat (Unjha)

Caraway- Black jeera Carum carvi Cold dessert area of

Lahaul

Seed samples were dried in tray drier to removartbesture and kept in self-

sealing polythene bags and stored in vacuum chamber

4.2 Animals
Inbred animals were procured from the Animal HoosBIM, Jammu. Animals
were kept (3 animals/cage) under regulated enviesnah conditions. (Temp. 26 +
2°C, relative humidity 50 + 5 %:; 12 h light/dark cg¥land maintained on pelleted
rodent diet (Ashirwad Industries Ltd. Chandigarhdgia). Water was providedd
libitum. The Institutional Animal Ethics Committee apprdubie animal handling and

other protocols. The animals were fasted for 16e€fode use unless otherwise

indicated.
Animal Strain Sex Weight Range
(gm)
Rats Wistar M/F 160-180
Mice Swiss albino M/F 25-30
C57BL/6 M/F 25-30
Guinea Pig English M/F 350-450

48



4.3 Statistics/PK Software

Statistical comparisons were made by using SPS8 Data Editor. A PK

software (PK solutions 2.0, Summit research sesyittontrose, CO, USA) was used

for determination of PK parameters.

4.4 Equipments

System Model/Make Manufacturer
Analytical Balance Genius Sartorius, Germany
Bath Sonicator RK510H Sonorex, Germany

Beta scintillation
counter

1450 Microbeta Trilux

Perkin-Elmer, USA

Deep freeze

Scientemp

Adrian, USA

Elisa Plate Reader

Multiskan Spectrum

Thermo Edect SA

Freeze drier

Virtis

Biopharma Process Sy
UK

Homogenizer RW-20 DZM IKA-WERK, Japan
HPLC system LC-10 ATVP Shimadzu, Japan
Series 1100 Agilent, USA

Ice Maker Machine

Massa Martana-PG

Angelantoni straes,
Italy

Incubator Climacell BMT Group, Germany

IR Vector 22 Brucker Daltonics,
Germany

LCMS Esquire 3000 Brucker Daltonics,
Germany

NMR DPX-200 Brucker Daltonics,
Germany

Peristaltic Pump Minipulse 2 & 3 Gilson, France

Pipettes Finnpipette Thermo Electron, USA

Refrigerated 3K30 Sigma, USA

Centrifuge

Rota-vapor R-114 Buchi, Germany

Solid phase extraction Visiprep Supelco, USA

system

Solvent Evaporator SPD 111V Thermo Electron USA

Spectroflurometer LS 50B Perkin Elmer, USA

Tray Drier PMD Biochem. Engg., India

UV-Visible UV-1601PC Shimadzu, Japan

Spectrophotometer

Vortex Mixer Vortex Genie-2 Scientific Ind., USA

Water Bath Shaker C76 Edison, USA

Water Purif. System Elix Millipore, USA
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4.5 Chemicals and reagents

A

o

je )

Identity Abbreviation | Grade Source
Acetic acid AR Qualigens, Indig
Acetonitrile ACN HPLC Rankem, India
Adenosine triphosphate  ATP AR Sigma, USA
2-Aminoethyl AR Qualigens, India
diphenylborinate
Barium hydroxide Ba(OH) AR Qualigens, India
*"Benzopyrene S Bp AR Sigma,USA
Bovine serum albumin| BSA AR Sigma, USA
n- Butanol n-BuOH HPLC Rankem, India
Calcium chloride CagGl Extra-pure Sigma, USA
Chloroform CHC} HPLC Rankem, India
Creatinine AR Sigma, USA
phosphokinase
Di-chloromethane DCM HPLC Rankem, India
Di-methyl sulfoxide DMSO HPLC Rankem, India
Di-potassium hydrogenK;HPO, Extra-pure Qualigens, India
phosphate
Di-sodium hydrogen NaHP O, Extra-pure Qualigens, India
phosphate
Dithiothreitol AR Sigma, USA
Dulbecco’s phosphate AR Sigma, USA
buffered saline
Ethanol EtOH HPLC Qualigens, Indi
Erythromycin Sigma, USA
Ethyl acetate HPLC Rankem, India
Ethylenediamine EDTA AR Sigma, USA
tetra-acetic acid
Ethylene glycol tetra- | EGTA AR Sigma, USA
acetic acid
Folin’s reagent AR Qualigens, Indi
Formaldehyde HCHO AR Qualigens, Ind
Glucose AR Hi-media, India
L-Glutamine AR Sigma, USA
Heparin AR Sigma, USA
Hexane HPLC Rankem, India
Hexadecane AR grade Sigma, USA
4-(2-hydroxyethyl)- HEPES AR Sigma, USA
1-piperazineethan-
esulfonic acid
Isoniazid INH AR Sigma, USA
Isopropyl alcohol IPA HPLC Rankem, India
List contd.
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Magnesium chloride MgGl AR Hi-media, India
Mannitol AR Hi-media, India
Methanol MeOH HPLC Rankem, India
Nicotine adenine di- NADPH AR Sigma, USA
nucleotide phosphate

(Reduced)

Ouabain AR Sigma, USA
Phenobarbital AR Sigma, USA
Phenol Red LR Qualigens, India
Phosphate buffered Extra-pure Hi-media, India
saline

Phosphocreatinine AR Sigma, USA
o-phosphoric acid AR Qualigens, India
Picric acid LR Qualigens, India
Piperine PIP AR Sigma, USA
Poly ethylene glycol PEG AR Hi-media, India
4000

Potassium chloride KCI Extra-pure Hi-media, India
Potassium Dihydrogen| KH,PO, Extra-pure Qualigens, India
phosphate

Propylene glycol LR Qualigens, India
Pyrazinamide PZA AR Sigma, USA
Rifampicin RIF AR Sigma, USA
Rhodamine 123 Rho123 AR Sigma, USA
Silica gel AR Merck, USA
Sodium acetate Extra-pure Hi-media, India
Sodium azide Nai AR Sigma, USA
Sodium bicarbonate NaHGO | Extra-pure Hi-media, India
Sodium chloride NacCl Extra-pure Hi-media, India
Sodium carboxy methylNaCMC LR Hi-media, India
cellulose

Sodium Dihydrogen NaH,PO, | Extra-pure Qualigens, India
Phosphate

Sodium dodecy! SDS AR Sigma, USA
sulphate

Sodium citrate Extra-pure Hi-media, Indig
Sodium pentobarbital AR Sigma, USA
Sucrose Extra-pure Hi-media, India
Testosterone AR Sigma, USA
Tris buffer AR Hi-media, India
o-vanadate AR Sigma, USA
Verapamil AR Sigma, USA
Water HPLC Millipore, USA
Zinc sulphate ZnSP AR Hi-media, India
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4.6 Development and validation of HPLC protocols fothe determination of anti-

TB drugs in rat plasma.

4.6.1 Instrumentation: Chromatographic analysis was performed on Shimadzu
HPLC system equipped with a diode array detectBD®10AVP), solvent delivery
module (LC-10ATVP), online degasser (DGU-14A), amoainjector (SIL-10ADVP),
flow channel system (FCV-14AH) and system contro8CL-10AVP) using a
reversed-phase HPLC column (RP-18, 250x4.6 mm, panticle size, Sigma, USA).

(Software for data analysis: VP V6.12 SP2).

4.6.2 Selection of columns (stationary phases) amibbile phases: On the basis of
physico-chemical properties of each analyte (RN land PZA), various mobile
phases were tested on the lipophilic stationargesdor best possible resolution. The
columns (stationary phases) of various packing nadgeand particle sizes from
different manufacturers were used. The organic esabs like MeOH, acetonitrile
(ACN) and isopropyl alcohol (IPA) along with organmodifier such as acetate,
citrate, and phosphate buffers were investigatedasile phase composition for their

ability to resolve the analytes.

4.6.3 General: The solutions were prepared by weighing suitablantjty of

individual drug using aluminium foil. The weigheduantity was transferred to
volumetric flask and solubilized using HPLC grad€M The HPLC column was
equilibrated with mobile phase composition for eddt 2 h before start of analysis.

The external standard method was utilized for qgtatrdn.
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4.6.4 Preparation of reference solutions:nitially, 50 mg of RIF was exactly
weighed using pre-calibrated analytical balance teanaksferred in a 50 ml volumetric
flask and dissolved using sonication. Dilutions evenade with ACN to achieve
1mg/ml strength (Stock-1). The reference solutiontaining flask was covered with
foil and sealed with paraffin film to avoid degréida and loss due to evaporation. In
a similar manner, reference solutions of INH andARiZre prepared and stored. In

case of PZA reference solution, HPLC grade watey uged as solvent.

4.6.5 Preparation of calibration standards (CAL STD: The Stock-I solutions were
diluted to different working stock solutions withet HPLC grade ACN (for RIF and
INH) and water (for PZA). 50 ul of each RIF workistpock was spiked in blank
plasma to achieve conc. of the analytical range20.ug/ml for RIF(Table 4). The
50 ul of each working stock solution of INH and Pi#As spiked to achieve the conc.
range of 0.1-10 pg/ml and 0.05-30 pg/ml in combamatfor INH and PZA

respectively(Table 5).

4.6.6 Preparation of quality control standards (QCSTD): Stock-l1l (1mg/ml)
solutions were prepared by weighing, dissolving dihating suitable quantity of RIF,
INH and PZA as described aboveSaction 4.6.4 The stock-II solutions were diluted
everyday of experiment and 3 quality control stadg0.10 pug/ml, 10.00 pg/ml and
20.00pg/ml of RIF and 0.1 pg/ml + 0.05 pg/ml, 2¢/ml + 10.0 pg/ml and 10.0

pg/ml + 30.0 pg/ml of INH + PZA) were prepar@dble 4-5)

4.6.7 Preparation of system suitability standards§S STD): Stock-1ll (Img/ml)

solutions were prepared by weighing, dissolving dihating suitable quantity of RIF,
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INH and PZA as described above $ection 4.6.4 The stock-1ll solutions were
diluted on the day of experiment and SS STD of 1.80nl were prepareable 4-
5).

4.6.8 Recovery procedureThe SPE technique was used to recover the RIF from
plasma. A semi-automated vaccum chamber and vaguump system (Supelco,
USA) were used for the extraction of RIF usingdualing steps: (a) conditioning of
the SPE cartridge (C18, 3 ml capacity, 100 mg I&ainprep-Ranbaxy, Mumbai,
India) with 2 ml MeOH followed by 2 ml HPLC gradeater and 2 ml 50 mM
phosphate buffer (pH 5.0), (b) dispensing 2 ml iditdd (1:5 dilution with HPLC
grade water) spiked plasma (RIF added externallgctueve 0.1, 10 and 20 pg/ml
conc. in plasma) into SPE cartridge and dryingeurmbsitive pressure, (c) washing
with 2 ml HPLC grade water followed by 2 ml 50 mMqgsphate buffer (pH 5.0), and
(d) eluting the samples with 2 ml of HPLC grade ACNhe eluents were carefully
collected in clean glass tubes and 50 pl of eachpkawas injected into HPLC
system for analysis.

The LLE technique was optimized for simultaneousovery of INH and PZA
from plasma. To the 500 pl spiked plasma sampldbl{PZA added externally to
achieve 0.1 pg/ml + 0.05 pg/ml, 2.5 pg/ml + 10.0nplgand 10.0 pg/ml + 30.0 pg/ml
conc. in plasma), 3 ml mixture of HPLC grade IPAl @ichloromethane (DCM) (1:2
v/v) was added using micro-pipettes and the sampérs vortexed for 2 min. The
organic layer was separated and collected by uglags syringe and needle. The
separated organic layer was allowed to dry usihgesb evaporator (Thermo Electron
Corporation, USA). The dry samples thus obtainedeweconstituted in 300 pl
mobile phase, filtered through 0.45 psgringe filters (Millipore, USA) and injected

into HPLC system for analyzing its contents.
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Table 4. Preparation of standard solutions (RIF)

Strength RIF Ref. RIF working Vol. of working Vol. of blank Total Vol.
(ng/ml) stock stock stock plasma (uh)
solution solution solution solution
(mg/ml) (Hg/ml) (1) (1)
CALSTD 1 0.1 1 2 50 950 1000
CAL STD 2 0.5 1 10 50 950 1000
CALSTD 3 1.0 1 20 50 950 1000
CAL STD 4 2.5 1 50 50 950 1000
CAL STD 5 5.0 1 100 50 950 1000
CAL STD 6 10.0 1 200 50 950 1000
CALSTD 7 20.0 1 400 50 950 1000
QCSTD1 0.1 1 2 50 950 1000
QCSTD 2 10.0 1 200 50 950 1000
QCSTD 3 20.0 1 400 50 950 1000
SSSTD 1 1.0 1 20 50 - 1000*

CAL STD; Calibration standards, QC STD; Quality ctnol standards, SS STD; System suitability standsirtiwith mobile phase
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Table 5. Preparation of standard solutions (INH+PZA

Strength Ref. stock Working stock Vol. of Volof Total Vol.
(ng/ml) solution solution working blank (W
(mg/ml) (ng/ml) stock solution plasma
(1) (1)

(INH + PZA) INH PZA INH PZA INH PZA
CALSTD1 0.1+0.05 1 1 2 1 50 50 900 1000
CALSTD2 05+1.0 1 1 10 20 50 50 900 1000
CALSTD3 1.0+5.0 1 1 20 100 50 50 900 1000
CALSTD4 25+10.0 1 1 50 200 50 50 900 1000
CALSTD5 5.0+ 20.0 1 1 100 400 50 50 900 aoo
CAL STD 6 10.0 +30.0 1 1 200 600 50 50 900 1000
QCSTD1 0.1+0.05 1 1 2 1 50 50 900 1000
QCSTb4 25+10.0 1 1 50 200 50 50 900 1000
QCSTD6 10.0+30.0 1 1 200 600 50 50 900 1000
SSSTD6 1.0+1.0 1 1 20 20 50 50 - 1000*

CAL STD; Calibration standards, QC STD; Quality ctnol standards, SS STD; System suitability standsirtiwith mobile phase
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4.6.9 Validation: The method was validated in accordance with gundsl of
International Conference on Harmonization (ICH).eTparameters assessed were
linearity, range, accuracy, precision, specifidityit of quantitation and robustness.
A. System suitability: The SS STD (1 pg/ml) were utilized for the teste Bystem
suitability test was performed using nine replicatgections before analysis of
samples. The acceptance parameters were less.thé&h &and 1.5 % relative standard
deviation (R.S.D.) for retention time and peak aespectively along with more than
3500 plates.

B. Recovery: The spiked plasma samples of RIF and INH+PZA vaaralyzed and
the peak area obtained for each sample was fittahematically into amount vs.
peak area co-relation.

C. Linearity and range: Seven and six point calibration curves were cocgtd
over a pre-defined conc. range of RIF and INH+Pg#pectively. The peak areas vs.
conc. plots were subjected to linear least squageession analysis. The intra and
inter-day linearity was established.

D. Accuracy and precision: The accuracy and precision of method was estintated
analyzing QC standards. The intra and inter-dayuraoy was established by
evaluating nominal and mean measured conc. of QU \Bflich were compared and
expressed as difference% (diff.%). The diff.% wadcalated by using following
formula. Diff.% = [(Mean measured conc. - Nominahc.)/ Nominal conc.] x 100.
The intra and inter-day precision was establishedrialyzing nine replicates each of
3 QC STD at 3 different time intervals in a day ama three consecutive days
respectively. It was expressed in terms of % RSD.

E. Limit of quantitation (LOQ): The lowest conc. of calibration curves with

acceptable accuracy and precision were reportedC(3 for all the 3 analytes.
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Further, it was confirmed by signal to noise (Sfifio values. The signal 3 times
noise value was treated as limit of detection (L@DJ 9 times noise value as LOQ.
F. Robustness:The robustness of both the methods was evaluagednhlyzing
quality control standards after varying the molplease composition and pH of
aqueous buffer. The ACN volume in total mobile ghass modified in between 55-
65 %. The pH range selected for study was fromtd.5.5. The acceptance criteria
were less than 2 % variation in the final resufteramodification in mobile phase
composition and pH.

G. Specificity: The specificity of both the methods was assesseud) spiked plasma
samples. The INH+PZA working solutions were spikaid RIF -containing plasma
samples so as to check their interference in Rifimaton. The specificity of
INH+PZA estimation method was assessed by spikilig iRto plasma samples
containing INH+PZA.

H. Stability: The stability of RIF and INH+PZA in plasma was demstrated using
spiked plasma samples of different conc. after2éah storage at room temperature
(protected from light), (b) three freeze-thaw cgcdad (c) 1 month frozen storage at -
80°C. The stability of the processed samples in thesampler (18C) was confirmed

after 24 h storage.
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4.7 Standard operating procedure for determinationof anti-TB drugs in rat
plasma.

A. Dose calculation:Rat doses of RIF, INH and PZA were derived as fodlo

Drug Human dose | x Factor Rat dose Dose
(mg/70kg) (mg/200 gm)| (mg/kg)
RIF 450 0.018 8.1 40
INH 300 0.018 5.4 30
PZA 1000 0.018 18 90

B. Dosing volume:
Oral 1.0 ml/200 gm

Intravenous 0.5 ml/100 gm

C. Preparation of drug solution for oral administration: The required quantity of
each drug was weighed accurately by using analybalanceand was transferred to
glass mortar and pestle. The sodium carboxy metefuilose (Na-CMC) (2 % of
total volume of formulation) was added as suspending tagére weighed material
was triturated and aqueous fine suspension wasge by using HPLC grade water.
D. Solution/ suspensions for oral dosingExtracts/fractions (obtained as described
in Section 4.8 of aqueous nature were dissolved in distilledenatvhereas extracts/
fractions of non-aqueous nature were formulatedcassuspensions using 2 % Na-
CMC. The pure molecules were dissolved in the lthstwater.

E. Preparation of drug solution for intravenous adninistration: The 10 mg of
RIF was dissolved in 150 pl mixture of dimethylferide (DMSO), ethanol (EtOH)
and propylene glycol (1:1:1 v/v) and diluted with9d poly ethylene glycol (PEG)

4000 in sterile normal saline upto 1000 pl.
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F. Storage: Solutions were prepared fresh on each day ofrerpat, and stored in
amber colored glass vial (20 ml capacity) away fairact light exposure.

G. Procedure for blood samples collectionThe animals were marked with marking
solution (5 % picric acid) for individual identifation, and weights were recorded
using an animal weighing balance. The required mels of drug solutions with or
without a test material was administered orallyngsoral feeding cannula. The exact
time of formulation administration (drug with ortiwout test material) was noted. At
pre-defined time intervals, the blood samples (BQ0wvere collected from individual
animal via retro-orbital plexux using glass capi#ta in heparinized glass tubes. The
blood samples were centrifuged at 5000 rpm for iDand the plasma was collected.
The plasma samples (100 pl each) were processethéorecovery of drug(s)
according to pre-optimized procedure as describ&ection 4.6.8

H. HPLC analysis: The recovered and dry samples were reconstitutedspective
mobile phases (300 pul), filtered through 0.45 pmngpe filter and analyzed for anti-

TB drugs by HPLC.

4.8 Preparation of herbal test materials.

Seeds of cumin and caraway were ground tmase powder using grinder
mixer. The powdered materials were processed tairolthe following test materials

as per the scheme depictedrig. 8A-B: Flow Charts A- B.

Seed Herbal Product Sample Identity
Cumin Aq. Extract CM-1

50 % Ag. Alcol. Extract CM-2

95 % Alcol. Extract CM-3
Caraway Ag. Extract CR-1

50 % Ag. Alcol. Extract CR-2

95 % Alcol. Extract CR-3
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Cumin seeds
4.5 Kg
Ground to ceapowder

l l l

1.5 Kg 1.5 Kg 1.5 Kg
Aqueous extraction 50% aq. EtOH extraction 95% EtOH extraction
Extracted successively 4 times

with de-ionized with 50% aq. EtOH with 95% EtOH

water by heating by percolation by peraolat

on water bath for 16 h. for 16 h.

at 98+LC for

2 h. Total silvent used l

95L(B85L+3x2L) OL(BL+3x2L) 9LB+3x2L)

Liquid Extract Liquid Extract Liquid Extract
Clarified Clarified Clarified

EtOH removed on rotavapor at &0

| |

Dry Extract Dry Extract Dry Extract

(Aqueous) (50% ag. alcoholic) (95% alcoholic)

266 gm 265 gm 248 gm
(17.73%) (17.66%) (16.53%)
[CM-1] [CM-2] [CM-3]

Fig. 8A. Flow Chart-A
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Caraway seeds

l 4.5 Kg

Ground to cogpssvder

l l l

1.5 Kg 1.5 Kg 1.5 Kg
Aqueous extraction 50% aq. EtOH extraction 95% EtOH extraction
Extracted successively 4 times

with de-ionized with 50% aq. EtOH with 95% EtOH

water by heating by percolation by percolation

on water bath for 16 h. for 16 h.

at 98x1C for

2 h. Total silvent used l

95L(3.5L+3x2L) OLMBL+3x2L) 9L@B+3x2L)

Liquid Extract Liquid Extract Liquid Extract
Clarified Clarified Cldred

EtOH removed on rotavapor at &0

Dry Extract Dry Extract Dry Extract
(Aqueous) (50% ag. alcoholic) (95% alcoholic)
162.45 gm 159.9 gm 166.86 g
(10.83%) (10.66%) (11.13%)
CR-1 [CR-2] [CR-3]

Fig. 8B. Flow Chart-B
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Optimized HPLC conditions for Finger printing of test materials.

Mobile phase: ACN: water containing 2 % acetic acid (17:83 v/v)
Flow rate: 1 ml/min.

Column: RP-18 (250 x 4.6 mm, 5 um (Merck)

Oven temp.: 30°C

Detection wavelength: 254 nm

HPLC Finger print Method validation.

On the basis of FG-3 and TF-1 [R.T. = 7.58 for C(@)1and 20.77 for CR-
1(1)], the validation study was performed.
A. Linearity and range: The calibration curves were lineaf>0.99) over the low—to
high conc. range of 1-10 pg/ml for both CM-1(2) &#d-1(1).

The intra-day and inter-day accuracy (diff.%) anekcgsion (%RSD) was
calculated using three conc. [1, 5 and 10 pg/mh @€M-1(2) and CR-1(1)].
B. Accuracy: The intra-day diff.% for CM-1(2) was between -ar®d 3.2 % whereas
for CR-1(1), it was between -2.1 and 4.7 %. Therhdlay diff.% for CM-1(2) was
between -2.6 and 5.2 % whereas for CR-1(1), itlheween -3.4 and 6.1 %.
C. Precision: The intra-day % RSD for CM-1(2) was between 2.8 &7 % whereas
for CR-1(1), it was 1.9 and 3.7 %. The inter-dayR%D for CM-1(2) was between
3.1 and 5.7 % whereas for CR-1(1), it was betwe#&raBd 5.9 %.
D. Stability: The stability of CM-1(2) and CR-1(1) at 5 pg/miresigth was
demonstrated after 1, 6 and 15 day storage at temperature. The % RSD of CM-
1(2) was 1.2 (day 1), 3.7 (day 6) and 4.2 (dayvibgreas that of CR-1(1) was 3.1

(day 1), 4.3 (day 6) and 5.9 (day 15).
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4.9 Bioevaluation of parent extracts from cumin/caaway.
Initially for proof of efficacy and activity guideftactionation the effect of test
materials was investigated during the peak timedaiw of the drugs (1-4 h) post-

administration.

Study 1A. Effect of CM/CR extracts on the plasma levels ainti-TB drugs.

Experimental design A total of 42 rats were divided into 7 groups ésrgroup).
Test drugs (RIF, INH and PZA) along with CM/CR tesaterials (arbitrary dose of

100 mg/kg) were administered per orally to varigusups as follows:

Gr Treatment (p.o.)

I RIF, 40 mg/kg + INH, 30 mg/kg+ PZA, 90 mg/kg
II | RIF, 40 mg/kg + INH, 30 mg/kg+ PZA, 90 mg/kg
+ CM-1 (100 mg/kg)

Il | RIF, 40 mg/kg + INH, 30 mg/kg+ PZA, 90 mg/kg
+ CM-2 (100 mg/kg)

IV | RIF, 40 mg/kg + INH, 30 mg/kg+ PZA, 90 mg/kg
+ CM-3 (100 mg/kg)

V | RIF, 40 mg/kg + INH, 30 mg/kg+ PZA, 90 mg/kg
+ CR-1 (100 mg/kg)

VI | RIF, 40 mg/kg + INH, 30 mg/kg+ PZA, 90 mg/kg
+ CR-2 (100 mg/kg)

VII | RIF, 40 mg/kg + INH, 30 mg/kg+ PZA, 90 mg/kg
+ CR-3 (100 mg/kg)

Blood samples were collected during the peak tinnedow (1, 2, 3 and 4 h
post-dosing), and processed to obtain plasma. Droigc. was determined as

described irbection 4.6.8

The results as summarized Table 12-13(Section 5.2.]) showed that CM-1
and CR-1 were the active samples, which were talgefor further dose -dependent

investigation.
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Study 1B. Dose-dependent study

Experimental design A total of 24 rats were divided into 4 groups (&sfgroup),

and treated as per the following schedule:

Gr

Treatment (p.o.)

RIF, 40 mg/kg + INH, 30 mg/kg+ PZA, 90 mg/kg

+ CM-1 (40 mg/kg)

RIF, 40 mg/kg + INH, 30 mg/kg+ PZA, 90 mg/kg

+ CM-1 (16 mg/kg)

RIF, 40 mg/kg + INH, 30 mg/kg+ PZA, 90 mg/kg

+ CR-1 (40 mg/kg)

RIF, 40 mg/kg + INH, 30 mg/kg+ PZA, 90 mg/kg

+ CR-1 (16 mg/kg)

Collection and analysis of plasma samples was dsmdescribed istudy 1A.

The results as summarizedTliable 12-13(Section 5.2.) showed that CM-1 and CR-

1 produced optimum effect at a dose of 16 mg/kg.

B The activity guided fractionation of CM-1 and h#evaluation was continued.

The results are described$ection 4.9.1

B The activity guided fractionation of CR-1 angl fiioevaluation was continued.

The results are describedSaction 4.9.2

4.9.1 Activity guided fractionation of cumin (CM-1).

CM-1 (active aqueous extract of cumin seed) wastigaaed into 5 fractions as

per the scheme depicted kig. 8C-D: Flow Chart C I-ll . Following fractions were

obtained.

CM-1(1)
CM-1(2)
CM-1(3)
CM-1(4)
CM-1(5)
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Dry Aqueous Extract (100gm)[CM-1]
Dissolved in HO (500 ml)
Extracted with n-BuOH
(5 x 1200ml)

l

l

n-BuOH Extract Agueous
Distilled under Distilled under
Reduced Pressure Reduced lreess
65°C 6%

Freeze Dried FreezeeDri

'

Residue: 13.0 gm

Residue: 82.0 gm

(13.68%) B6%)
[CM-1(1)] [CM-1(2)]

Fig. 8C. Flow Chart-Cl

Dry Aqueous Extract (20gm)[CM-1]

Solvent decanted, Residue re-extracted
with EtOH (2 x 200ml)
Extracts pooled

l Refluxed with EtOH (200 ml), 30 min.

!

EtOH Extract
Distilled
on
rotavapour

Residue: 10.6 gm
(53%) (200 ml)

[CM-1(3)]

!

Residue
Extracted with 50% ag.
EtOH (200 ml) for 30 min,
Solvent decanted

Re-extragtéd 50% aq. EtOH)
extracts pooled

l

50% Aqueous EtOH extract
centrated
under reduced
pressure.
(65°C)

Residue: 6.4 gm (32%)

[CM-1(4)]

Residue: 3gm
(15%)
[CM-1(5)]

Fig. 8D. Flow Chart-ClI



Activity profile of each fraction was investigatad described below:

Study 2 Effect of CM-1 fractions on plasma levels of RIF

Experimental designA total of 30 rats were divided into 5 groups &8srfgroup) and

treated as follows.

Gr Treatment (p.o.)

I RIF, 40 mg/kg + INH, 30 mg/kg+ PZA, 90 mg/kg
+ CM-1(1) (2 mg/kQg)

Il | RIF, 40 mg/kg + INH, 30 mg/kg+ PZA, 90 mg/kg
+ CM-1(2) (13 mg/kg)

[l | RIF, 40 mg/kg + INH, 30 mg/kg+ PZA, 90 mg/kg
+ CM-1(3) (8 mg/kg)

IV | RIF, 40 mg/kg + INH, 30 mg/kg+ PZA, 90 mg/kg
+CM-1(4) (5 mg/kg)

V | RIF, 40 mg/kg + INH, 30 mg/kg+ PZA, 90 mg/kg
+CM-1(5) (2.5 mg/kg)

Test dose of CM-1 fractions were adjusted on treshaf their extractive yield
from parent extract. Collection and analysis ospla samples was done as described
in Study 1A

From the results as summarizedTiable 12 CM-1(2) was found to be the

active fraction, and was further processed.

Isolation of Active Principle from CM-1(2).

CM-1(2) was dissolved in minimum quantity of de4iized water and adsorbed
on silicagel (60-120 mesh) The free flowing material wasrghd onto a glass
column (4 cm diameter) packed with silica gel (&B mesh in ethyl acetate).

The column was eluted first with ethyl acetate #reh with EtOH by gradually

increasing the percentage of water in EtOH.
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In all 420 fractions wereollected. TLC was run in n-BuOH (B): acetic acid
(A): water (W) 4:1:5) and patterns were visualizgdfreshly prepared borinate-PEG
solution (2-aminoethyl diphenylborinate, 1 % in haatol: polyethylene glycol 4000,
5 % in ethanol, 1:1 v/v).

Fractions 43-49, 56-60, 81-167 and 180-198 showexwtical TLC patterns with
a single spot in solvent system B: A: W (4:1:5)eThactions with identical Rf values
were pooled. Crystallization was carried out in Ht@nd the residues (a yellow

powder) collected. These were designated as F&L2,FFG-3 and FG-4.

Spectral analysis

The NMR and IR analysis was performed using DPX &0 Vector 22 models
respectively (Bruker).

LC-Mass spectroscopy was conducted on ion-trapk@ruEsquire 3000) mass
spectrometer equipped with an ionization sourcthénpositive mode and connected
to an Agilent 100 series HPLC binary pump equippeth an Agilent 100 series
diode arraydetector.

The ionsource was operated in the positive electrospreigation (ESI) mode
at 340C at 35 psi for the nebulizer with nitrogen flow ¥ L/min. The scan range
was 100-900 m/z and ICC target value 8000 wheteasnaximum acquisition time
was 200 milliseconds.

The samples were chromatographed 4C36n a Merck RP-18 column (&m,
250 x 4.6 mm) by UV detector at 340 nm. The mopitase consisted of 1.5 % acetic

acid in water: ACN (83:17, v/v) and was deliveréc dlow rate of 1 ml/min.
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Spectral analysis of FG-1

FG-1 is a yellow powder soluble in water; m.p. 2Z8C.

'H NMR (DMSO-d). 8 3.20-3.71 (m, sugar protor5.05 (d, 1H, J= 7.2 Hz, H-
1"), 5 6.85 (s, 1H, H-3, 8 6.48 (d, 1H, J= 2.1 Hz, H)65 6.86 (d, 1H, J= 2.1 Hz, H-
8),56.96 (d, 2H, J= 8.8 Hz, H-8nd H-5), 3 7.96 (d, 2H, J= 8.8 Hz, H-a8nd H-6).

%C NMR (DMSO-@). 3 164.3 (C-2), 102.9 (C-3), 161.0 (C-4), 161.5 (CH).5
(C-6), 162.8 (C-7), 94.9 (C-8), 156.8 (C-9), 1083410), 120.8 (C-}, 128.3 (C-2
and C-6), 117.3 (C-3and C-%), 100.2 (C-1), 73.1 (C-%), 76.5 (C-3), 69.8 (C-4),
77.1 (C-%), 60.8 (C-8).

The LC-MS spectrum of FG-1 gave [M+Hbn at m/z 426.
Based on the above data the FG-1 had the molefarfaula GiH13010 (MW 425)

and was identified as “apigenin-7-glucoside”.

OH
OH

OH

OH O

Fig. 9A. Chemical structure of FG-1 molecule

69



Spectral analysis of FG-2

FG-2 is a yellow powder soluble in water; m.p. 2BC.

'H NMR (DMSO-d). 8 3.23-3.69 (m, sugar protor),5.0 (d, 1H, J= 7.1 Hz, H-
1"y, 86.45 (d, 1H, J= 2.1 Hz, H¥63 6.75 (s, 1H, H-3)3 6.79 (d, 1H, J= 2.1 Hz, H-
8), 56.92 (d, 1H, J= 8.2 Hz, H-§ & 7.43 (d, 1H, J= 2.1 Hz, H- & 7.45 (dd, 1H,
J=2.1and 8.1 Hz, H'p

€ NMR (DMSO-@). 5 164.6 (C-2), 103.3 (C-3), 181.8 (C-4), 161.1 (C9H).8
(C-6), 163.0 (C-7), 95.0 (C-8), 156.9 (C-9), 1063510), 113.7 (C-3, 145.7 (C-3,
149.8 (C-4, 116.1 (C-9, 119.1 (C-§, 100.4 (C-1), 73.3 (C-2), 76.6 (C-3), 70.0
(c-4, 77.3 (C-8), 61.0 (C-8).

The LC-MS spectrum of FG-2 gave [M+Hbn at m/z 443.1.
Based on the above data the FG-2 had the molefarfaula GiH14011 (MW 442)

and was identified as “luteolin-7-glucoside”.

CH,OH X\ OH
0 0
0 ‘ - o
OH ‘
OH
OH |
OH 0

Fig. 9B. Chemical structure of FG-2 molecule
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Spectral analysis of FG-3

FG-3 is a yellow powder soluble in waterpn268-276C.

'H NMR (DMSO-d). & 3.08-3.75 (m, 17H, sugar protons), 4.50 (d, 1H7.24
Hz, H-1"), 5.21 (d, 1H, J= 6.82 Hz, H)1 6.42 (bs, 1H, H-6), 6.65 (bs, 1H, H-8),
6.81 (d, 1H, J=8.42, H'5, 7.09 (s, 1H, H-3), 7.35 (q, 1H, J= 8.42 and HA H-8),
7.80 (bs, 1H, H-9.

¥C NMR (H,0-CD;OD). 6 165.36 (C-2) , 104.01 (C-3), 183.19 (C-4), 160.87
(C-5), 99.41 (C-6), 163.09 (C-7), 96.31 (C-8), B57(C-9), 106.50 (C-10), 122.36
(C-1) ,114.10 (C-3, 145.37 (C-3, 148.74 (C-) ,116.81 (C-§, 120.75 (C-6)),
101.21 (C-1), 73.25 (C-9), 77.23 (C-8), 70.72 (C-4), 76.89 (C-8) , 62.02 (C-6),
103.39 (C-1), 75.02 (C-Z and c-4"), 77.71 (C-3") 82.07 (C-%)) ,176.44 (C-8).

The LC-MS spectrum of FG-3 gave [M+Hjon at m/z 625.1, [M+H-
galacturonic acid]at m/z 449.1 and [M+H-galacturonic acid- glucdsa] m/z 287
and the presence of galacturonic acid and glucaseties.

Based on the above data the FG-3 had the molefartaula G7H250:7 (MW
624) and was identified as,3-dihydroxyflavone-7-B-D-galacturonide-40-3-D-

glucopyranoside.

CH,0H
o. /O
COOH
e
OH 0 l OH OH
OH OH
o OH O

Fig. 9C. Chemical structure of FG-3 molecule
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Spectral analysis of FG-4

FG-4 is a yellow powder soluble in water; m.p. ZB8°C.

'H NMR (DMSO-d&).  3.75 (m, sugar protond 5.01 (d, 1H, J= 7.21 Hz, H-
1", 8 5.21 (d, 1H, J= 6.82 Hz, H), 5 6.48 (bs, 1H, H-6)d 6.86 (bs, 1H, H-8)3
6.96 (d, 2H, J= 8.8 Hz, H-8nd H-3), 5 7.96 (d, 2H, J= 8.8 Hz, H-and H-6).

¥C NMR (H,0-CD;0D). & 165.3 (C-2), 103.0{C-3), 161.0 (C-4), 161.05 (C-
5), 99.41 (C-6), 162.8 (C-7), 94.9 (C-8), 156.89)C-106.50 (C-10), 120.8 (C)1
128.3 (C-2and C-6), 117.3 (C-3and C-9, 161.8 (C-4, 100.2 (C-1), 73.1 (C-2),
76.5 (C-3), 69.8 (C-4), 77.1 (C-8), 60.8 (C-8), 103.3 (C-1), 74.1 (C-?), 77.7 (C-
3, 75.02 (C-4), 82.0 (C-%)), 176.4 (C-6).

The LC-MS spectrum of FG-4 gave [M+kn at m/z 602.

Based on the above data the FG-4 had theamlar formula @H;1:0:6 (MW

601) and was identified as “apigenin-7-galacturagiycoside”.

COOH
0~CH,
OH )_0 ;
OH 0 0 0
o | Q -
OH OH
OH OH 0

Fig. 9D. Chemical structure of FG-4 molecule
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Study 3. Bioevaluation of FG molecules

Experimental designA total of 24 rats were divided into 4 groups &Bsrfgroup) and

treated with an arbitrary dose of 5 mg/kg.

Gr

Treatment (p.o.)

RIF, 40 mg/kg + INH, 30 mg/kg+ PZA, 90 mg/kg + AG5 mg/kg

RIF, 40 mg/kg + INH, 30 mg/kg+ PZA, 90 mg/kg -6F2, 5 mg/kg

RIF, 40 mg/kg + INH, 30 mg/kg+ PZA, 90 mg/kgF&-3, 5 mg/kg

\Y

RIF, 40 mg/kg + INH, 30 mg/kg+ PZA, 90 mg/kg -6FH4, 5 mg/kg

Collection and analysis of plasma samples was dsndescribed istudy 1A.
The results as summarized Trable 12 have revealed that FG-3 was the active
molecule. The FG-3 was further taken up for dospeddent investigation. The

HPLC finger print profile of active parent fracti@M-1(2) is shown irFFig. 10A and

of FG-3 is shown irFig. 10B.
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Fig. 10A. HPLC Chromatogram of CM -1(2)
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Fig. 10B. HPLC Chromatogram of FG-3 (pure molecufeom cumin)

Study 4 Dose-dependent effect of FG-3.

Experimental designA total of 24 rats were divided into 4 groups &bsrfgroup) and

treated as follows.

Gr Treatment (p.o.)

I RIF, 40 mg/kg + INH, 30 mg/kg+ PZA, 90 mg/kg &8, 10 mg/kg

Il | RIF, 40 mg/kg + INH, 30 mg/kg+ PZA, 90 mg/kg F&-3, 7.5 mg/kg

Il | RIF, 40 mg/kg + INH, 30 mg/kg+ PZA, 90 mg/kg FG-3, 2.5 mg/kg

IV | RIF, 40 mg/kg + INH, 30 mg/kg+ PZA, 90 mg/kg F&-3, 1.25 mg/kg

Collection and analysis of plasma samples was dsndescribed istudy 1A.

The results are summarizedTable 12 It was found that FG-3 was most active at 5

mg/kg dose.
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4.9.2 Activity guided fractionation of caraway (CR1).

CR-1 (active aqueous extract of carawag)se@s partitioned into 2 fractions as

per the scheme depictedhig. 11-Flow Chart D. Following fractions were obtained.

CR-1(1) Butanolic
CR-1(2) Aqueous

Dry Aqueous Extract (5 gm)[CR-1]
Dissolved in HO (30 ml)
Extracted with n-BuOH (4x50 ml)

v v
n-BuOH extract Agueous extract
Distilled under Distilled under
reduced pressure reduced pressure
at 65C at 6%C
v v
Freeze dried Freeze dried
Residue: 1.12 gm Residue: 3.85 gm
(22.4 %) (77 %)
[CR-1(1)] [CR-1(2)]

Fig. 11. Flow Chart-D

Activity profile of each CR-1 fraction was invesiigd as described below.

Experimental designA total of 12 rats were divided into 2 groups &Bsrfgroup) and

treated with the doses derived from the extractie&l of the respective fractions.
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Gr Treatment (p.o.)

I RIF, 40 mg/kg + INH, 30 mg/kg + PZA, 90 mg/kg
+ CR-1(1) (4 mg/kg)

Il | RIF, 40 mg/kg + INH, 30 mg/kg + PZA, 90 mg/kg
+ CR-1(2) (10 mg/kg)

Collection and analysis of plasma samples was dsndescribed istudy 1A.
The results summarized Trable 13showed that CR-1(1) was the active fraction. CR-
1(1) was taken for further fractionation. The HPfi@er print profile of CR-1(1) is

shown inFig. 12
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Fig. 12. HPLC finger print of CR-1(1)

Sub-fractionation of CR-1(1)

CR-1(1) was sub-fractionated using preparative HREClescribed below: CR-
1(1) was dissolved in de-ionized water to prepaselation (15 mg/ml). The CR-1(1)
solution was filtered through 0.45 p filter and lgnad using preparative HPLC. The

following conditions were used for preparative HPINMobile phase: MeOH:HPLC
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grade water (Gradient elution); Flow rate: 10 mhimand detection wavelength: 254
nm. The three sub-fractions [coded as Sub-Fr. 25(@ain), Sub-Fr. 2D (25-38 min)

and Sub-Fr. 3 (38-45 min)] were obtained. HPL@dinprint profiles are shown in

Fig. 13A-C.
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Fig. 13C. Finger print of CR-1(1) Sub-Fr. 3

Study 5. Bioevaluation of sub-fractions of CR-1(1)

Experimental designA total of 18 rats were divided into 3 groups &bsrfgroup) and

treated as follows.

Gr Treatment (p.o.)

I RIF, 40 mg/kg + INH, 30 mg/kg + PZA, 90 mg/kg

+ CR-1(1) Skib 2 (5 mg/kg)
II | RIF, 40 mg/kg + INH, 30 mg/kg + PZA, 90 mg/kg

+ CR-1(1) Skib 2D (5 mg/kg)
Il | RIF, 40 mg/kg + INH, 30 mg/kg + PZA0 mg/kg

+ CR-1(1) Skib 3 (5 mg/kg)

In these experiments an arbitrary dose of 5 mg/kg wsedCollection and
analysis of plasma samples was done as describ&tunly 1A. The results as
summarized iMable 13showed that none of the CR-1(1) sub-fraction22and 3)
were active. Therefore a dose-dependent activityilerof CR-1(1) was undertaken

by including two more doses (8 and 16 mg/kg).
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Study 6. Dose-dependent study

Experimental design A total of 12 rats were divided into 2 groups ésrfgroup).
Test drugs along with CR-1(1) were administered @milly to various groups as

follows:

Gr Treatment (p.o.)

I RIF, 40 mg/kg + INH, 30 mg/kg + PZA, 90 mg/kg
+ CR-1(1) (8 mg/kg)

Il RIF, 40 mg/kg + INH, 30 mg/kg + PZA, 90 mg/kg
+ CR-1(1) (16 mg/kg)

Collection and analysis of plasma samples was dsndescribed istudy 1A.
The results as summarizedTiable 13 The results showed that CR-1(1) was most

active at a dose of 8 mg/kg.

Since none of the sub-fractions were found actiR-1{1) was chemically

standardized as follows.

Isolation of marker(s) from CR-1(1).

CR-1(1) was dissolved in a minimum quantity of Me@htl adsorbed on silica
gel (60-120 mesh). The free flowing material waargked onto a glass column (4 cm
diameter) packed with silica gel in CHCIThe column was eluted first with CHCI
and then with CHGIMeOH mixture by gradually increasing the perceatay
MeOH. In all 500 fractions of 250 ml each were eoled. TLC was run in n-BuOH
(B): acetic acid (A): water (W) (4:1:5 upper layemd patterns were visualized by
freshly prepared 2-aminoethyl diphenyl borinaté€/4lin methanol): PEG 4000 (5 %
in ethanol) (1:1 v/v). Fractions 170-195 eluted5i® MeOH in CHG showed an

identical TLC pattern with a single spot having vafue 0.7 in solvent system B:A:W
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(4:1:5). These fractions were pooled. Crystall@matwas carried out in MeOH and
pale yellow residue (TF-1) was collected.

On the basis of melting point (285 and spectral data, TF-1 was identified as
kaempferol-33-D galactoside (trifolin) (@H20011. MW 448). HPLC chromatogram

and the structure of TF-1 are showrkig. 14A and 14B
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Fig. 14A. Finger print of TF-1 (Trifolin)
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Fig. 14B. Kaempferol-38-D galactoside (Trifolin, TF-1)
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Study 7. Bioevaluation of marker TF-1.

Experimental design A total of 18 rats were divided into 3 groups ébsrper group)

and treated as follows.

Gr Treatment (p.o.)

I RIF, 40 mg/kg + INH, 30 mg/kg + PZA, 90 mg/kg
+ TF-1 (5 mg/kg)
Il | RIF, 40 mg/kg + INH, 30 mg/kg + PZA, 90 mg/kg
+ TF-1 (10 mg/kg)
Il |RIF, 40 mg/kg + INH, 30 mg/kg + PZA, 90 mg/kg
+ TF-1 (20 mg/kg)

Collection and analysis of plasma samples was dsndescribed istudy 1A.

The results are summarizedTiable 13
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4.10.1 Pharmacokinetic study (ORAL)

Experimental designA total of 75 rats were seggregated in 5 groupsréis/group).

Animals were treated as follows:

Gr Treatment (p.o.)

I RIF (40 mg/kg)

Il | RIF (40 mg/kg) + FG-3 (5 mg/kg)

I | RIF (40 mg/kg) + INH (30 mg/kg) + PZA (90 mg/kg)
IV | RIF (40 mg/kg) + INH (30 mg/kg) + PZA (90 mg/kg)
+ FG-3 (5 mg/kg)

V | RIF (40 mg/kg) + INH (30 mg/kg) + PZA (90 mg/kg)
+ CR-1(1) (8 mg/kg)

Blood sampling was done as per the foling scheme:

Gr | No. Sampling time (post-administration) (h)
of 025/ 05|12 |3|4|6|8]|12| 16 |24
rats

glajlalaja|o|a|oa| oo o o oo
°
°
°
°

Collection and analysis of plasma samplas @done as describedS$tudy 1A.
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4.10.2 Pharmacokinetic study (1.V.)

Rats were anaesthetized using intra-peritonea) {nection of 25 % urethane
solution in normal saline and fixed to the wooderard in a supine position. The
normal body temperature was maintained &C3Polyethylene tubing cannulation
was made at pugular vein for the administration of RIF (7.5 rkg/ml) and carotid
artery for collecting blood samples. After RIF adisiration 500 ul of blood was
collected via carotid artery in heparinized tube8.a5, 0.5, 1, 2, 3, 4, 6, 8, 12, 16, 24
h post-dosing. The 500 pl sterile normal salineitsmh was administered via jugular

vein after every blood sample collection.

Blood sampling was done as per the following scheme

Rat Sampling time (post-administration) (h)
No 025/ 0512 |3|4|6|8|12]16 |24

gl bl WIN|E
.
.
.
.
.
.
.
.
.
.
.

Collection and analysis of plasma samples was dertescribed iStudy 1A.

Pharmacokinetic analysis

The conc. vs. time profiles of anti-TB drugs al@ms in presence of FG-3 and
CR-1(1) were established and pharmacokinetic pasmeetermined by using PK

software.
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4.11In-vitro/Ex-vivo mode of actionstudies

Study 1 Effect of FG-3 on the passive transport of RIF

Experimental Design

Passive transport was investigated using parallgifical membrane
permeability assay (PAMPA) as provided by the maatuirer (Millipore, India).

Membrane of each well of 96-well multi-screen peafvibty plate (donor) was
coated with 15 pl hexadecane solution in hexanml(®f 5 % v/v) The plate was
allowed to dry by keeping it into fuming hood for4 The plate was ensured for
dryness by visual inspection. The phosphate budfeaine (pH-5, filtered through
0.45 p Millipore HV filter using Millipore Filtrabn Assembly) containing 5 % HPLC
grade DMSO was prepared separately and added hovest of acceptor plate (300
pl/well). The hexadecane pre-treated donor plate placed onto acceptor plate in
such a way that underside of membrane was in contfit buffer of acceptor plate

(Fig. 15)

System Components

B Donor plate, 96-well
filter plate

S~ Hexadecane

membrane
C Accep well

Fig. 15. PAMPA system (Millipore)
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Assay procedure

The stock solutions (10 ml of 1 mg/ml each of RINH and PZA were
prepared separately in HPLC grade DMSO. Two worlsolgtions (i) RIF 1QuM +
INH 7.5 uM + PZA 22.5 uM (Solution A) and (ii) RIFOO uM + INH 75 uM + PZA
225 puM (solution B) were prepared from main stogks,5 % DMSO. FG-3 was
dissolved in phosphate buffered saline (PBS) (%frll mg/ml) and working stocks

(25, 50 and 100 uM) were prepared in PBS contaififigDMSO.

A volume of 150 pl containing solution A or B waddad onto each well of
donor plate in absence or presence of FG-3. Thevdis replaced; plate was sealed
with paraffin film and covered with aluminum foifhe sealed plate was incubated in
a chamber containing controlled humidity and terapae (40 % + 2 % and 18 +

2°C respectively, Climacell Chamber; BMT Group, (Gany) for 12 h.

The various parameters like strength of RIF, ptbuffered saline, incubation
temperature, and incubation time were pre-optimlzefdre commencement of study.
After completion of incubation period, the accepsod donor plate volumes were

analyzed for RIF content by HPLC.

Study 2 Effect of FG-3 on the transport of RIF (Gut Sac:mucosal—to-serosal

direction).

Experimental desigi{Ex-vivo study):

Rats were treated with FG-3 (5 mg/kg) perorallyteAR, 3 and 4 h of treatment

everted sacs (6-8 cm) of rat jejunum were prepasediescribed earlier [115].
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For control experiments, sacs were prepared frotmeated animalsEverted
sacs (6-8 cm) were filled with Krebs-Ringer buffemd incubated at 3 under
constant motion in Krebs-Ringer buffer containing®mM RIF. Serosal volumes
were collected during a period (0-30 min.) and dasyfor RIF determination by
HPLC were prepared as describedeaction 4.6.8

Absorption characteristics were determined by (tatirtg the transport rate
(dQ/dt) from the linear portion of conc. vs. timerees. The apparent permeability
coefficient P,pp Was calculated using the following equation:

Papp = dQ/dt x 1/(A x G) [cm/s]
where dQ/dt is the transport rate, A is the s@faea of the everted sac angliC

externalmucosal load of the test drug.

Study 3. Effect of FG-3 on the efflux of Rhodamine (Rhol23 (Gut Sac: serosal

—to-mucosal direction)

Experimental designEx-vivo study):

Rats were treated with FG-3 (5 mg/kg) perorallyteAf3 h of treatment everted
sacs (6-8 cm) of rat jejunum were prepared and aseper the procedure reported
earlier [116].

For control experiments, sacs were prepared frotreated animals. Sacs were
filled with Krebs-Ringer buffer containing 10 uM B3 (pre-optimized conc. of
Rho123), and incubated at°87under constant motion in oxygenated 50 ml Krebs-
Ringer buffer. Serosal volumes (1 ml/sampling timeye collected during a period

of 0-30 min (with 10 min interval).
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In parallel experiments verapamil (25 uM) was addedooth serosal and
mucosal side. The Rhol23 conc. was estimated bgtreflarometer (excitation
wavelength, 504 nm, and emission wavelength, 52% loynrelating to a standard

curve of Rho123.

Study 4 Effect of CR-1(1) on the transport of RIF, PZAand INH (Gut Sac:

mucosal —to-serosal direction)

Experimental designEx-vivo study):

Rats were treated with CR-1(1) (8 mg/kg) perorafjter 3 h of treatment,
everted sacs of rat jejunum were prepared as tescabove.

For control experiments, sacs were prepared frotreated animals. Sacs were
filled with Krebs-Ringer buffer and incubated at°G7under constant motion in
Krebs-Ringer buffer containing variable externaladoof RIF, PZA or INH
individually. In each experiment serosal samplesevo®llected during a period 0-30
min of incubation to generate conc.-time curves tnedextent of mucosal transport
was quantitated from the linear portion of theseves.

Drugs were extracted and analyzed by HPLC as destrearlier. Papp, was

calculated as described $tudy 2

Study 5. Effect of FG-3 onin-situ efflux of Rho123

In-situ P-gp mediated efflux study of Rho123 was perforrdedcribed earlier
[117]. The rats were fasted for 16 h before expent and were anaesthetized with

sodium pentobarbital (30 mg/kg, i.p.). Rats wepeedi to the wooden board in a
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supine position. The normal body temperature waistaiaed at 37C. Polyethylene

tubing cannulation was made at a jugular vein e administration of Rho123 and
carotid artery for collecting blood samples. The oleh intestinal lumen was
cannulated with the help of silicon cannula (outemeter, 5 mm; internal diameter,
3 mm) to perfuse the intestinal lumen with Dulbésd@BS (pH 7.4) containing 25
mM glucose (Medium 1) in a single perfusion manakera rate of 0.5 ml/minFHg.

16).

Blood
Sampling
Site

Rhodamine

-123 Inlet

Buffer
Inlet

Buffer
Outlet

(Effluent
Sampling Site)

Fig. 16. Experimental design of in-situ Rho123 aft study

Rho123 (100 uM in 5 % mannitol) was injected asol$ dose (4.36 ml/kg),
via cannulated jugular vein, and further continasda constant infusion (2 ml/h) to
attain a steady-state plasma conc,sdGof Rho123. After 55 min of initiation of
Rho123 infusion, the intestinal effluent and blasds collected at 10 min intervals
for 30 min (control phase). In a similar manner pke® were also collected during the

treatment phase. In treatment phase Medium 1 waleced by Medium 2A/2B
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(containing FG-3, 50/100 uM), or Medium 3A/3B (caiming RIF, 5/10 uM) or
Medium 4, (containing 100 uM FG-3, + 10 uM RIF)Medium 5A/5B (containing
verapamil, 25/100 uM). At the end of perfusion exxment with Medium 4, Medium
1lwas once again perfused to investigate the resafieet of FG-3 + RIF.

In another study this experiment was also performegrimed rats. A dose 5
mg/kg of FG-3 was administered per orally, per day6 consecutive days. After one
day wash out period, the perfusion experiment Wedium 1 only was carried out.
The samples (blood and intestinal effluents) waréected as described above. The

Rho123 conc. was estimated by spectrofluorometdeasribed earlier.

Study 6. Effect of FG-3 on the active transport of°H-benzopyrene (Intestinal

epithelial cells).

Preparation of epithelial cells (guinea pig intestie):
Jejunal epithelial cells from guinea pig were pregaaccording to a previously

published [118] method as described below.

Reagents: Reagent ASolution (pH-6.8) containing 96 mM NaCl, 8 mM KPD,,
5.6 mM NgHPQ,, 1.5 mM KCI, 5 mM EGTA, 5 mM EDTA, 0.5 mM DTT, 185M
mannitol, 5.5 mM glucose, 2 mM L-glutamine and 8/b of bovine serum albumin
(BSA). Reagent B incubation buffer containing 225 mM Na@eagent C Cell
isolation buffer (pH-7.4) containing 200 mM sucro4® mM KHPO, and 76 mM
NaoHPO,. Reagent D Krebs-Ringer buffer containing 2.5 mM CaCll mM

dithiothreitol and 1% BSA.
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Procedure:

The animal was sacrificed and abdomen opened byimn@idncision. The
intestine was collected and divided into two segienhe intestinal segments were
filled with Reagent AThe segments were incubatedRieagent Bat 37C for 5 min.
After incubation, the filled solution was drainedtoThe intestinal segments were

refilled with reagent Cand incubated at 3 for 5 min.

The contents of segments were collected and theepsowas repeated 5 times.
The contents were pooled, filtered and centrifugied00 g for 5 min. The pellet was
collected and re-suspendedregagent D The viability was determined using trypan

blue.

ATP dependent transpoof *H-benzopyrene was investigated according to a
previously published method [119]. Cells (3 ¥)1@ere pre-incubated in absence
(control) and presence of FG-3 (25-100 uM) for 26 m 20 mM HEPES/Tris buffer
(pH 7.4). After completion of 20 min, incubation®gre supplemented with 270 mM
mannitol, 1 mM ATP, 10 mM MgGJ 0.1 % (w/v) BSA, 10 mM phosphocreatinine
and 100 pg/ml creatinine phosphokinase. To thesmibations 0.5 mM®H-
benzopyrene (20,000 cpm) dissolved in HEPES/Triffebu(20 mM, pH 7.4,
containing 310 mM mannitol and 0.1 % BSA) was addedubation was continued
for 10 min in final volume of 1.0 ml. At the end tiie experiment, incubation
mixtures were transferred over glass fiber filtarsl drained off with the help of a

vacuum pump.

The filters were air dried and added to scintidlatifluid (supplied by the

manufacturer) and counted in a Rack-Beta ScinbitaCounter.
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Study 7. Effect of FG-3 on P-gp ATPase Activity ih-vitro) intestinal membrane

preparations.

Preparation of intestinal membrane fractions:

Crude intestinal membrane fractions were prepam@ua fejunal mucosa of rats
as reported earlier [120Fasted rats were sacrificed by cervical dislocatiafter
opening of the abdomen, intestinal segment (fromc&D below duodenum) was
collectedand washed with ice-cold saline to remove all thmihal contents. The
intestinal segment was kept on ice bath. The im@ssegment was opened with
scissor to expose the mucosal surface. The mutgal was scrapped off with the
help of glass slide and collected. The protein eohtvas estimated by Lowry method

using bovine serum albumin as standard as depict&dnexure Il .

Measurement of P-gp ATPase Activity:

P-gp-ATPase activity was measured by determinintpgtate-sensitive release
of inorganic phosphate (Pi) from ATP as reportedieza[121]. In brief, membrane
preparations (15-2Qdg protein/assay) were pre- incubated for 3 minkbeeace and
presence of 10 mMrtho-vanadate in an assay buffer containing 100.0 nmigl (pH
7.5), 10.0 mM Nah 4.0 mM EGTA, 2.0 mM ouabain, 4.0 mM DTT, 100.0 nKk€I
and 20.0 mM MgCl (final volume 100QuL). An addition of 5.0 mM ATP was made
in all incubations which were allowed to continwe 80 min. Reaction was stopped
by adding 5 % (w/v) sodium dodecyl sulphate (SD8&) dahe released Pi was
measured as described in the procedure. In ongf s#ntical incubations FG-3 was
added. Vanadate -sensitive activity in presenckasence of a test substance was

calculated as the difference between ATPase activfitained in presencand
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absence of FG-3. In incubations not containing riegtierials DMSO alone (1.0-1.5 %
final) was used. All incubations were done in idate. In parallel experiment
verapamil (100 uM) was also used. An identical tieacmixture containing 50 pl of

3 mM sodiumortho-vanadate was also assayed. The final conc. of DES®solvent

in the assay medium was 1 % v/v. The reaction wiisiied by addition of 50 ul of
10 mM ATP. In an identical manner, two additionratubations were also carried out
in the absence of test material mixtures with othaut ortho-vanadate as control.
After incubation of 30 min at 3T, reaction was terminated by 100 pl of 5 % SDS
and the amount of Pi released was measured by @iroetric reaction. The
calibration curve (Range: 1 to 100 pg/ml) for phose was found linear (>0.999)

(Annexure 111) .

Study 8 Effect of FG-3 on CYP 450 3A4-mediated enzymesafrliver

microsomes)

Preparation of rat and mouse liver microsomes:

Liver microsomes from were prepared as per theguo®e described earlier
[122]. The animals were deeply anesthetized with hielp of diethyl ether. The
abdomen was opened by making mid-line incision. Twer lobes were carefully
isolated, and washed with ice-cold normal salinéd &25 M sucrose solution.
The isolated livers were immediately homogenized i6.25 M sucrose solution to
obtain 20 % homogenates. The homogenates werdfagatt at 15,000 rpm for 15
min at £C. The supernatants were diluted with 0.125 M sseswlution (1:4 v/v) and
8 mM calcium chloride (Ca@) was added to it. After 35 min with intermittent

stirring, the diluted supernatants were centrifuged 0,000 rpm for 10 min af@.
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The pellets were collected, washed with washingtgoi (0.01 M NaHPQ,, 0.01 M
KH,PO,, 0.15 M KCI, and 1 mM EDTA) and re-suspended i250M sucrose
solution with the help of homogenizer. The microsbrauspension samples were
stored at -88C until use. One group of swiss and C57BL mice weeated with
phenobarbital (80 mg/kg, intra-peritoneal). Afted&ys liver microsomes from these
animals was prepared as described above. The mproteitent of microsomes was

estimated by Lowry method as describedimexure II.

Effect of FG-3 on Testosterone hydroxylase

The testosterone hydroxylase activity was deterchimg a previously reported
method [123]. Microsomes (1 mg protein) were prsvated for 5 min at 3 in
phosphate buffer (0.1 M, pH-7.4) containing 500 fegtosterone, 6 mM Mgg;land
1 mM EDTA in absence (control) and in presence GFF(25-100 uM). In these
experiments, piperine (25-100 pM) was used as atdndReaction was started by
adding 1 mM Nicotine adenine di-nucleotide phosphetduced (NADPH), and
incubations were continued for 20 min. At the efid2® min, samples were mixed
with chilled CHC} and the organic layer collected and dried. Theddsamples were
reconstituted irmobile phase and analyzed for testosterone by HFh€.optimized
HPLC conditions used for the estimation of testaste were as follows: mobile
phase; MeOH: 1 % acetic acid (75:25 v/v); flow rdtenl/min; column: RP-18, 250 x
4.6 mm, 10 p particle size (Merck, USA) with°80column oven temperature and

PDA detector set at 254 nm.

The retention time of testosterone was 7.1 min. €hkbration curve was
prepared separately which showed good linearity9@® with lowest quantification

limit of 9 ng/ml. The HPLC chromatogram is depictedrig. 17.
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Fig. 17. HPLC chromatogram of Testosterone

Effect of FG-3 on the erythromycin demethylase

The erythromycin demethylase actity was determioyg previously reported
method [123]. Microsomes (5 mg protein) were prsated for 5 mirat 37C in
phosphate buffer (0.1 M, pH-7.4) containing 1 mMtleromycin, 6 mM MgC in
absence (control) and in presence of FG-3 (25-10). pReaction was started by
adding NADPH, 1 mM, and incubations were continte@d30 min. At the end of 30
min, samples were mixed with 25 % Zns@nd 0.3 N Ba(OH) The samples were
centrifuged and supernatants were collected. Tostpgernatants (350 pl), Nash
reagent (150 pl) was added, mixed and incubate@8Canin at 58C. At the end of 30
min, OD of samples was recorded at 405 nm. A stahdarve of formaldehyde
(HCHO) was made to determine the specific actioitfhe enzyme expressed as ng

HCHO generated/mg protein/min.
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4.12 Toxicity studies

4.12.1Effect of FG-3 on intestinal mucosal membrane intgrity .

Model: Uneverted gut sac (rat jejunum)

Uneverted sacs were prepared from jejunum as @escimSection 4.11 These
sacs were filled with Krebs-Ringer buffer with oitlwout the test materials FG-3/CR-
1(1) and incubated at 32 under constant motion for 30 min. At the end lud t
experiment, luminal contents were collected, cargead (3500 rpm x 10 min) and

used for protein determination by the method of tyoas described iAnnexure 1.

4.12.2Acute toxicity studies

Animals and dosing: Male healthy wistar rats (with minimum body weighft 125
gm) were included in the study. Animals were mairgd in regulated environmental
conditions (Temp. 26 *+°Z, relative humidity 50 + 5 %; 12 h light/dark cg}l
according to CPCSEA guidelines. Animal experimewvgse approved by Institutional
Animal Ethics Committee and were performed as perGuidelines for Animal Care
as recommended by the Indian National Academy, Belhi (1992). Animals were
fed with standard pelleted diet (Ashirwad Industri€nhandigarh, India) and sterilized
water was providedd libitum Seven days after acclimatization, animals weegl us
Test Materials:

() FG-3, active molecule from cumin

(i) CR-1(1), active fraction from caraway

A total of 35 rats (male) received singlese of the test materials as per

following experimental design.
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Experimental design

Gr No. of rats | Treatment Dose (p.o)

IA 5 Control Vehicle (d.w.)
IB 5 FG-3 1 gm/ kg

IC 5 FG-3 2 gm/ kg

ID 5 FG-3 3 gm/kg

11=] 5 CR-1(1) 1 gm/kg

lIC 5 CR-1(1) 2 gm/kg

[ID 5 CR-1(1) 3 gm/kg

Test materials were dissolved in distilled waterdoal administration. Animals

were observed for morality for 21 days.

4.12.Bub-acute (4-week) toxicity studies

Dose administration:

A total of 30 rats (15 M/15 F) were used in thivastigation as per the
experimental design described below. Animals ressbiFG-3, p.o., once daily
between 9:00 to 11:00 am, for 28 days consecutively

Experimental design

Gr Sex No. of rats | Treatment Dose (p.o)

IA M 5 Control Vehicle (d.w.)
IB F 5 Control Vehicle (d.w.)
A M 5 FG-3 5 mg/ kg

11=] F 5 FG-3 5 mg/ kg

A M 5 FG-3 25 mg/kg

1B F 5 FG-3 25 mg/kg

During the study period weekly body weights wereorded after every 7 days
upto 28 days. At the end of study animals wereifsegn, and blood/major organs

collected. Blood/serum was used for hematologicahemical parameters.
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4.12.4Sub-chronic (8-week) toxicity studies

FG-3: 5 mg/kg (effective dose) and 25 mg/kg

Dose administration:

A total of 30 rats (15 M/15 F) were used in thivastigation as per the
experimental design described below. Animals ressbiFG-3, p.o., once daily

between 9:00 to 11:00 am, for 60 days consecutiaslylescribed below:

Experimental design

Gr Sex No. of rats | Treatment Dose (p.o)

IA M 5 Control Vehicle (d.w.)
IB F 5 Control Vehicle (d.w.)
A M 5 FG-3 5 mg/ kg

1IB F 5 FG-3 5 mg/ kg

A M 5 FG-3 25 mg/kg

1B F 5 FG-3 25 mg/kg

During the study period after every 2 weeks, boayghts were recorded upto
60 days. At the end of study animals were sacdficend blood/major organs
collected. Blood/serum was used for hematologicahemical parameters.

In sub-acute and sub-chronic toxicity investigatimmmals were observed daily
for clinical signs and mortality. Body weights weeeorded every week (in sub-acute
study) and after every 2 weeks (in sub-chronic\gtadiring the study period. At the
end of the studies blood samples and major orgaese wollected. Following
parameters were recorded in blood/serum: RBC, WiBfisrential leucocyte count,
haemoglobin (Hb), platelet (PIt), glucose, triglyde (TG), cholesterol, bilirubin,

alanine aminotransferase (ALT: SGPT), aspartatenaimainsferase (AST: SGOT),
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urea, uric acid (UA) and creatinine. Measuremergsewnade using commercial Kits

procured from Bayer Diagnostics, Baroda, India.

4.12 5Statistical Analysis

Statistical analysis was performed as describedection 4.3 Data were

expressed as mean £ S.D. For significance a ldyet 0.05 was considered.
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RESULTS




5. Results

5.1 Validation of drug assay
HPLC methods for the estimation of RIF (Method AddNH+PZA (Method

B) were developed and validated as per ICH guidslinfhe following optimized
conditions showed best resolution of RIF and INHARHA terms of retention time,

peak characteristics and total run time:

Method A Method B
(RIF) (INH +PZA)
Column RP-18, 250 x 4.6 mm; 5 um RP-18, 2506xdm; 5 um
Mobile phase ACN :50 mM KKPO, ACN : 50 mM KH,PO,
buffer (pH, 5) (60: 40 v/v) buffer (pH; 5) (40: 60 v/v)
Flow rate 1.0 ml/min 0.5 ml/min,
Column head 132-142 kgf/crf 182-191 kgf/crh
pressure
Column oven 40°C 40C
temp.
Retention time 6.779 min INH, 4.640 min;
PZA, 5.067 min

A. System suitability: Results as summarized ifable 6 showed that for both
Method A and Method B, the critical parameters ligention time, area and number

of theoretical plates met the acceptance criteria.

B. Recovery: Method A The % recovery of RIF at three different conc1() 10
and 20 pg/ml RIF spiked plasma) using pre-optimi@&¢E technique was in between
84.5 to 89.6 %Method B: The % recovery of INH (at 0.10, 2.5 and 10 pg/Ni
spiked plasma) was in between 81.2 to 87.3 % , @dsefor PZA (0.05, 10 and 30
pg/ml PZA spiked plasma), it was in between 91.23&b %, using optimized LLE

technique.
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Table 6. System suitability test

Drug/compound Parameter Acceptance Average Low High %RSD Status
Criteria

Method A

RIF Retention time %RSD < 0.5 6.773 6.768 6.779  0.122 Passed
Peak area %RSD < 1.5 333036 328377 337270 940.8 Passed
No. of Plates > 3500 4025.08 3978.01 4052.47 0.717 Passed

Method B

INH Retention time % RSD < 1.0 4.643 4.628 g.59 0.483 Passed
Peak area % RSD <25 140653 138449 142350 1811. Passed
No. of Plates > 4000 4460 4327 4539 3.587 Passed

PZA Retention time % RSD<1.0 5.062 5.089 3.10 0.401 Passed
Peak area % RSD < 2.5 275422 272440 277925 7780. Passed
No. of Plates > 4000 6669 6589 6778 .06 Passed
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C. Linearity and range: Both the methods were found linear over the cdiibna
range and the results showed good correlation legtwenc. and resulting peak areas
(r* > 0.999). The linearity and calibration range resuwf both the methods are

summarized imable 7.

D. Accuracy and precision: Method A The intra- and inter-day accuracy as well as
precision results are summarizedliable 8 andTable 9respectivelyRIF: The intra-
and inter-day accuracy (diff.%) was in the range ©8.34 to +3.28 and —-4.87 to
+2.88 respectively. The intra- and inter-day precig% RSD) for RIF was in the
range from 1.08 to 2.61 and 1.62 to 2.77 respdgtindethod B: INH: The intra- ,
and inter-day accuracy (diff.%) was in the range-8f75 to +7.58 and -9.71 to +7.68
respectively. The intra- and inter-day precisionR%D) for was in the range of 1.07
to 4.12 and 2.01 to 5.78ZA: The intra- and inter-day accuracy (diff.%) washe
range of -8.21 to +6.19 and -8.91 to +4.91 respelsti The intra- and inter-day
precision (% RSD) values were in the range of 1t®%9%.21 and 1.49 to 7.25

respectively.

E. LOQ: LOQ of RIF was 0.10 pg/mMethod A) whereas that of INH and PZA

was 0.10 pg/ml and 0.05 pg/ml respectiv@hethod B).

F. Robustness:Minor modifications in the mobile phase compositanmd the pH of
buffer did not significantly alter the performanakthe both the methods in terms of
retention time, resolution, peak characteristias gneoretical plates which suggested

that the developed methods were robust.
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Table 7. Details of parameters and linearity data focalibration curves

Drug Calibration curve Range No. of Slope yatercept r?
(ng/ml) Calibrators

Method A

RIF Set i 0.10-20.00 7 0.48 +2.27 > 0.999
Set 2 0.10-20.00 7 0.47 +2.26 > 0.999
Set 3 0.10-20.00 7 0.47 +2.26 > 0.999

Method B

INH Seti 0.10-10.00 6 0.0011 -0.6243 > 0.999
Set ? 0.10-10.00 6 0.0013 -0.4922 > 0.999
Set3 0.10-10.00 6 0.0011 -0.5899 > 0.999

PZA
Set i 0.05-30.00 6 0.0005 -0.4946 > 0.999
Set 2 0.05-30.00 6 0.0005 -0.4940 > 0.999
Set 3 0.05-30.00 6 0.0005 -0.4912 > 0.999

" The validation was performed separately in ternfsets.
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Table 8. Accuracy data of RIF, INH and PZA

Drug/Compound Nominal Conc. Accuracy (% bias)
Intra-run (n = 9) Inter-run (n = 9)
seti  sets  setd  seti  setz  setd
Method A
RIF 0.10 pg/ml +2.66 -1.76 —-2.64 +2.88 -2.38 733.
10.0 pg/ml +3.28 -2.94 +1.22 —2.44 -3.16 811.
20.00 pg/ml -3.34 +1.92 +3.08 +2.11 -2.39 .8+4
Method B
INH 0.10ug/ml +7.58 -8.75 -6.31 +7.68 -9.33 9.74
2.50pg/ml +4.22 -6.04 +5.02 -3.13 -3.16  +5.17
10.00pg/ml -3.17 +5.62 +3.08 +2.23 -3.49 -4.86
PZA 0.05ug/ml +6.19 ~7.53 -8.21 +4.91 +4.56 3.46
10.00pg/ml +2.31 -3.39 +3.13 -8.91 -6.80 +3.23
30.00pg/ml +1.55 +2.18 -3.44 -4.35 +3.29 -2.33

" The validation was performed separately in ternfsets.

104



Table 9. Precision data of RIF, INH and PZA

Drug/Compound Nominal Conc. Precision (% RSD)
Intra-run (n = 9) Inter-run (n = 9)
seti  set?  setd  seti  setz  setd
Method A
RIF 0.10 pg/ml 1.43 2.54 1.73 1.98 2.77 1.93
10.0 pg/ml 1.92 2.61 1.29 2.17 1.62 1.89
20.00 pg/ml 1.34 2.12 1.08 2.34 2.01 1.74
Method B
INH 0.10pg/mi 411 2.29 2.88 5.73 4.16 4.03
2.50pg/ml 4.12 3.62 3.13 2.15 2.92 3.48
10.00pg/ml 1.49 2.02 1.07 5.37 2.01 2.59
PZA 0.05pg/mi 5.21 3.17 4.81 1.84 7.25 3.91
10.00pg/ml 2.27 1.68 3.73 4.65 1.94 3.02
30.00pg/ml 1.09 1.12 3.01 1.49 3.15 6.17

" The validation was performed separately in ternfSet 1, Set 2 and Set 3.
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G. Specificity: Fig. 18A-C depicts chromatograms of extracted blank rat plasma
mobile phase and extracted RIF spiked plashig. 18D depicts chromatogram of
simultaneously recovered INH and PZA from spikemspta samples. No interference
of plasma artefacts, mobile phase constituentsaagther analyte were observed at

the retention times of RIF, INH and PZA.

MMMMM

Fig. 18A. Chromatogram of blank rat plasma

MMMMM

Fig. 18B. Chromatogram of mobile phase
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/ Rif ampicin

Fig. 18C. Chromatogram of plasma sample spiked wWRH-

mide

oniazid

T 4B s
[————

Fig. 18D. Chromatogram of plasma sample spiked witdH and PZA

H. Stability: Results showed that under various storage condigsnsummarized in

Tables 10-11samples were stable within the acceptable lifftRESD < 15).

107



Table 10. Stability data of RIF

Conditions Theoretical Conc. % RSD
(ug/ml)

1. Storage stability
in plasma (-8tC)

0 month 0.1 9.2
10.0 7.2
20.0 5.1

1 month 0.1 9.6
10.0 3.1
20.0 4.9

2. Freeze-thaw stability

0 cycles 10.0 7.3

3 cycles 10.0 5.9
3. Auto-sampler stability (1)

Oh 10.0 6.7

24 h 10.0 4.3

4. Short-term stability in plasma
at room temperature
Oh 10.0 10.6
24 h 10.0 9.7
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Table 11. Stability data of INH and PZA

Condition Theoretical Conc. (ug/ml) YRSD
INH + PZA INH PZA
1. Storage stability (-8C)
0 month 00.10 + 00.05 9.4 7.4
10.00 + 30.00 5.5 3.9
1 month 00.10 + 00.05 10.2 9.3
10.00 + 30.00 6.7 4.3
2. Freeze-thaw stability
0 cycles 00.10 + 00.05 7.9 10.1
10.00 + 30.00 4.9 4.4
3 cycles 00.10 + 00.05 2.9 4.1
10.00 + 30.00 3.4 4.9
3. Stability at room temperature
Oh 00.10 + 00.05 5.1 3.2
10.00 + 30.00 2.5 2.9
24 h 00.10 + 00.05 5.3 6.1
10.00 + 30.00 3.2 7.3
4. Autosampler stability
Oh 00.10 + 00.05 7.3 9.2
10.00 + 30.00 6.1 5.8
24 h 00.10 + 00.05 6.3 5.1
10.00 + 30.00 2.7 2.4
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5.21In vivo studies

5.2.1 Restricted Pharmacokinetics

Results for cumin herbal products are summarizedable 12 The base line
levels of RIF after 2, 3 and 4 h of oral administna of the drug were 5.31 + 0.52,
6.93 £ 0.49, and 4.54 + 0.3@/ml, respectively. The base line levels of INHeaft, 2
and 3 h of oral administration of the drug were03£30.34, 4.72 + 0.21, and 3.22 +
0.16 ug/ml, respectively. The base line levels of PZAeaft, 2 and 3 h of oral
administration of the drug were 17.02 + 1.43, 26¢25.75, and 21.0 + 1.3gg/ml
respectively.

Initially all extracts were tested at an arbitraigse of 100 mg/kg dose. Among
the 3 types of extracts, only agueous extracts gssesl significant activity. An
aqueous extract, CM-1 enhanced the plasma levét$Foby 61 %, 77 % and 74 % at
2, 3 and 4 h respectively. The other two extr&N42 and CM-3 were less active.
There was no effect on the other two drugs INH BAA.

Out of 5 fractions from the parent cumin extrach{), significant activity was
found located mainly in an aqueous fraction, CM}1(M-1(2) enhanced the plasma
level of RIF by 51 %., 78 % and 81 % at 2, 3 arfdrdspectively.

A total of 4 molecules could be isolated from thkl-C(2) (active fraction of
cumin). However only one of these, i.e., a flavanglycoside identified as 3',5'-
dihydroxyflavone-7-OB-D-galacturonide-4’-03-D-glucopyranoside (FG-3) showed
a significant activity. FG-3 enhanced plasma levelsRIF in a dose dependent
manner. A dose of 5 mg/kg of FG-3 enhanced thel®I€ls by 73 %, 89 % and 81 %

at 2, 3 and 4 h respectively.
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Table 12. Effect of CM test materials on plasma levels of RIF, INH and PZA

RIF (pg/ml plasma) INH (pg/ml plasma) PZA (pg/ml plasma)

Extract Dose
Identity —mg/kg Nature 2 h 3h 4h lh 2h 3h 1h 2h 3h
Control 531+0.52 6.93 + 0.49 4,54 +0.31 330+0.34 4.72+021 32220.16 17.02+14 2625+1.75 21.00+1.32
CM-1 100 Agq.  854+0.61(61%) 12.26+0.98 (77%) 7.89+ 043 (74%) 3.86+031 571028 389013 2093+221 2992+328 21.87+1.33

40 Aq. 844+£061(59%) 12.26+0.88 (77%) 7.85 £0.41 (73%)

16 Ag. 8.23+0.34(55%) 12.05+0.71(74%)  8.12%0.39 (79%)
CM-1 (1) 2 ButFr. 541+022 7.34+ 031 (6%) 4814027
CM-1(2) 13 Aq.Fr. 8.01+0.46(51%) 12.33+0.73 (78%)  8.21 +0.39 (81%)
FG-1 5 Aq. 5.30+021 7.34+0.32 457+0.19
FG-2 5 Aq.  6.00£038 8.31 £ 0.43 (20%) 503+031
FG-3 10 Aq. 939£041(77%) 13.16 £ 0.76 (90%) 8.26 + 0.35 (82%)

7.5 Aq. 9.02+035(70%) 12.82+0.71(85%) 8.17+0.41 (80%)

5 Ag. 9.18+0.37(73%) 13.09+0.81 (89%)  8.21+0.32 (81%)

2.5 Ag. 7.38+029(39%) 10.18+£039(47%) 640021 (41%)

1.25 Agq.  5.89+£021 8.24+0.39 5.17+£0.23
FG-4 5 Ag 5.32+038 7.48 £0.29 490023
CM-1(3) 8 Ale. 5.30=0.21 6.95+0.32 4.55+022
CM-1(4) 5 Ag-Alc 533+0.26 6.98 £ 0.37 4.59+0.21
CM-1(5) 2.5  Residue 5.32+0.19 691031 4.49+0.13
CM-2 100 Aq-Alc 6.63+0.31(25%) 8.66+ 0.32 (25%) 5.58 + 0.21 (23%)
CM-3 100 Ale. 5.78+021 796+ 022 5.08+0.15

Figures in parenthesis show % change vs. control

111



Results for caraway herbal products are summaiizd@éble 13 The base line
levels of RIF after 2, 3 and 4 h of oral administmna of the drug were 5.31 + 0.52,
6.93 = 0.49, and 4.54 + 0.3@/ml respectively. The base line levels of INH aftg2
and 3 h of oral administration of the drug were03£30.34, 4.72 + 0.21, and 3.22 +
0.16 ug/ml, respectively. The base line levels of PZAeaft, 2 and 3 h of oral
administration of the drug were 17.02 + 1.43, 26:25.75, and 21.0 + 1.3gg/ml,
respectively.

Initially all extracts were tested at an arbitraigse of 100 mg/kg dose. Among
the 3 types of extracts, only agueous extracts gssesl significant activity. An
aqueous extract, CR-1 enhanced the plasma levél#-oby 60 %, 79 % and 81 % at
2, 3 and 4 h respectively. Plasma levels of INHenamhanced by 60 %, 57 % and 64
% at 1, 2 and 3 h respectively. Plasma levels & R&re enhanced by 58 %, 58 %
and 68 % at 1, 2 and 3 h respectively. The otherdxtracts CR-2, and CR-3 were
less active.

This activity remained confined mainly in butanofraction, CR-1(1), when
tested at 4 mg/kg (based upon the extractive yiéldjther dose-dependent profile
showed that a dose of 8 mg/kg produced optimunteffdasma levels of RIF were
enhanced by 47 %, 70 % and 68 % at 2, 3, and 4fecévely. Plasma levels of INH
were enhanced by 52 %, 51 % and 64 % at 1, 2, dndeSpectively. Plasma levels
of PZA were enhanced by 52 %, 54 % and 64 % at &n@ 3 h respectively. Sub-

fractions of CR-1(1) and a molecule TF-1 were wotiid active.
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Table 13. Effect of CR test materials on the plasma levels of RIF, INH and PZA

RIF (pg/ml plasma)

INH (pg/ml plasma)

PZA (pg/ml plasma)

Extract  Dose
Identity —mg/kg Nature 2h 3h 4h 1h 2h 3h lh 2h 3h
Control 531052 6.93+0.49 454 4031 3304034 4.72£021 3.22+0.16 17.02+ 1.4 2625+ 175 2100+ 1.32
CR-1 100 Aq. 8491061 (60%) 1240+098(79%) 821+043(81%) 5.282031(60%) 741+038(57%) S5282033(64%) 2093+22] 4147+ 3,99 (58%) 3528+ 1.33 (68%)
40 Aq. 833=061(57%) 1226+0.88(77%) BO03£041(77%) S5.18+£021(57%) 7.50+033(59%) 5.24+021(63%) 26.89+2.63 (58%) 4226+3.68(61%) 3444+ 113 (64%)
16 Ag.  8.23£034(55%) 12402071 (79%) 7.99+£0.39(76%) 5.04=0.24(53%) 7.36+0.21(56%) S18=0.34(61%) 26.38+2.51(55%) 41.47+3.01 (58%) 34.23 £ 1.29 (63%)
CR-1 (1) 4 But, Fr. 7.16+£0.32 (35%) 997+ 0,34 (44%) 6.71+£0.25(48%) 4.55+0.21(38%) 6.56+021(39%) 460+023(43%) 2570=1.39(51%) 37.27+1.39(42%) 3045217 (45%)
8 780 £0.22 (47%) 1L78£0.31(70%) 7.62£0.27(68%) S.01+£0.19(52%) 7.02£0.19(51%) S528£0.23(64%) 23482302 (38%) 40.42+2.11 (54%) 3444 = 2.07 (64%)
16 807+022(52%) 11.85+031(71%) 7.76+027(71%) 508026 (54%) 7.31+041(55%) S37+022(67%) 2587+262(52%) 4095+ 2,68 (56%) 3339+ 1.57 (59%)
TF-1 5 5364022 7.08+0.32 461019 337+0.12 4.81+0.32 335011 2638 42,00 (55%) 26.35+2.02 2131+ 1.16
10 538023 7114036 4.65+0.19 349+ 0.14 4784023 328+012 17.36 = 0.32 26974 1.32 2151+ 1.18
20 529021 7.01£033 4.69+0.19 342+019 489018 3354019 17.46 + 0.31 27.02 = 1.87 20.50 + 2.01
CR-1{1) 5 Sub-Fr2 5,57+ 0,51 7.02 037 4.65+021 3494014 4.77+027 320+021 17.52 £ 0.37 26,51 +£2.39 2125+ 1.21
5 Sub-Fr2D 539+ 024 7.20 £ 032 469+022 339+021 4.65+0.12 329025 1838+ 1.92 27.30£3.12 2143+ 1,32
5 Sub-Fr.3 5.41=021 6.91 £ 031 4524027 3.41+022 491+ 041 342022 17,70+ 1 .44 27.03+ 1 89 21.05+1.07
CR-1{2) 10 Ag. 5424046 7344073 4.63+039 3.44+026 4,64 +0.51 3.46+039 1804 £2.11 26.32+2.53 2133 1.89
CR-2 100 Ag-Ale 0.69+022(26%) 9.56+0.31(38%) 6.08 031 (34%) 4254011 S99+£042(27%) 421023 1732+ 1.26 3333£3.12(27%) 2751+ 1.52(31%)
CR-3 100 Ale. 578012 7.9620.22 5.08+0.15 3.66 £ 0.20 5.09+042 351017 2093 £2.11(23%) 30.18+2.11 24,15+ 1.37

Figures in parenthesis show % change vs. control
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5.2.2 Pharmacokinetics (ORAL).
In order to assess the effect of FG-3 on the pheskiaetics of RIF and in
combination with INH + PZA, following conc. vs. tarcurves were established:
(a) RIF (alone)
(b) RIF + FG-3 (5 mg/kQ)
(c) RIF + INH + PZA
(d) RIF + INH + PZA + FG-3.
In order to assess the effect of CR-1(1) on themheokinetics of RIF + PZA +
INH following conc. vs. time curves was established
(e) RIF + INH + PZA + CR-1(1)

These curves (a) to (e) are depicteéiop 19A, 19B and19C.
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Fig. 19A. Pharmacokinetic profile of RIF (ORAL)
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Plasma conc. (ug/ml)

Curve A. INH in presence of
RIF & PZA

Curve B.INH in presence of
RIF, PZA & CR-1(1)

Time (h)

24

Fig. 19B. Pharmacokinetic profile of INH (ORAL)
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RIF & INH
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Curve B. PZA In presence of
RIF, INH & CR-1(1)
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Plasma conc. (ng/ml)
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0 8 16 24
Time (h)

Fig. 19C. Pharmacokinetic profile of PZA (ORAL)
The pharmacokinetic parametersni& AUC, Thax ti2, Vg and Cl) are summarized in

Table 14A(ORAL).
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Table 14A. Pharmacokinetic parameters of RIF, INH and PZA (Oral)

PK Parameters of RIF PK Parameters of INH PK Parameters of PZA
Fig 19A Fig 19B Fig 19C
Curve A Curve B Curve C Curve D Curve E Curve A Curve B Curve A Curve B
Parameter RIF Alone RIF+FG-3 RIF+INH+ RIF+INH+ RIF+INH + RIF + INH + RIF+INH+ RIF+INH+ RIF+INH+
PZA PZA + FG-3 PZA+CR-1(1) PZA PZA + CR-1(1) PZA PZA + CR-1(1)
C,ay (ng/ml) 9.1 12.33 6.93 9.39 11.26 4.72 6.65 26.25 41.25
Tay (h) 3 3 3 3 3 2 2 2 2
AUC, (ng.h/ml) 70.3 106.9 53.1 834 70.5 30.9 39.2 157.2 224 .8
2 (h) 6.63 11.15 6.56 10.88 7.18 3.56 3.78 4.96 6.61
Vd (ml/kg) 5192 5326.1 6526.7 6099.9 53943 4908.4 4103.4 4032 .4 3725.7
Cl (ml/min/kg) 542.2 3309 689.1 388.3 520.59 953.86 752.26 562.86 390.28
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A. Following inferences could be drawn with resped®iF from theTable 14A

EFFecCT OF FG-3

(i)

(ii)

(iii)

(iv)

(v)

Cmax Of RIF (alone) was 9.10g/ml, which was increased by 35.5 % in presence
of FG-3. Gnax Of RIF in presence of other two drugs was .88nl, which was
increased by 35.5 % in presence of FG-3 in the caatibn.

AUC,; of RIF (alone) was 70.3g.h/ml, which was increased by 52.1 % in
presence of FG-3. AUC of RIF in presence of otthwr drugs was 53.10g/ml
which was increased by 57.1 % in presence of FGtBa combination.
Elimination half life (i;)) of RIF (alone) was 6.63 h which was increased by
68.2 % in presence of FG-3;,tof RIF in presence of other two drugs was 6.56
h which was increased by 65.9 % in presence oBH&the combination.
Clearance (CI) of RIF was 542.2 ml/min/kg, whichswa@ecreased by 39 % in
presence of FG-3. Cl of RIF in presence of otheo ivugs was 689.14
ml/min/kg which were decreased by 43.7 % in present FG-3 in the
combination.

The other two parameters viz 2k and \j were not affected by FG-3.

B. Following inferences could be drawn with resgedRIF from theTable 14A

EFFECT OF CR-1(1)

(i)

CmaxOf RIF in combination with other two anti-TB drugss found to be 6.93

ug/ml, which was increased by 62.5 % in presendeR{L(1).
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(ii)

(iii)

(iv)

(v)

AUC of RIF in combination with other two anti-TBuwdys was found to be 53.10
ug.h/ml; which was increased by 32.8 % in presemcRs1(1).

Elimination half life (i) of RIF in presence of other two drugs was 6.56 h
which was increased by 9.45 % in presence of CRifi(the combination.

Cl of RIF in presence of other two drugs was 689rl#min/kg which were
decreased by 24.45 % in presence of CR-1(1) icah&bination.

The other two parameters viz.,ak and \j were not notably affected by CR-

1(2).

C. Following inferences could be drawn with respediNH from theTable 14A

EFFeCT OF CR-1(1)

(i)

(ii)

(iii)

(iv)

Cmax Of INH in combination with other two anti-TB druggs found to be 4.72
ug/ml, which was increased by 41 % in presence oflCR.

AUC of INH in combination with other two anti-TB algs was found to be 30.9
ug.h/ml; which was increased by 26.9 % in presefcRs1(1).

t1» of INH in presence of other two drugs was 3.56vhich was not altered in
presence of CR-1(1) in the combination.

The other two parameters viz.,Jk and \j were not notably affected by CR-

1(1) in combination.
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D. Following inferences could be drawn with resped®ZA from theTable 14A

EFFeECT OF CR-1(1)

() Cmaxof PZA in combination with other two anti-TB drugss found to be 26.25
pug/ml, which was increased by 57.1 % in presendeR{L(1).

(i) AUC of PZA in combination with other two anti-TB wys was found to be
157.20ug.h/ml, which was increased by 43 % in presenceR{1(1).

(i) ty2 of PZA in presence of other two drugs was 4.9@/hich was increased
by 33.3 % in presence of CR-1(1) in the combination

(iv) CIl of PZA in presence of other two drugs was 5686nin/kg which was

decreased by 30.7 % in presence of CR-1(1) inah&aation.

5.2.3 Pharmacokinetics (i.v).

A conc. vs. time curve of RIF (i.v.) is depictedRig. 19D. The PK parameters are

summarized imable 14B

Table 14B. Pharmacokinetic parameters of RIF

From Fig. 19D

AUCo: (ug.h/ml)  20.6
ti2 (h) 73.9
Vg (Ml/kg) 12233.6
Cl (ml/min/kg) 114.6
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Fig. 19D. Pharmacokinetic profile of RIF (1.V.)
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5.2.4 Absolute/relative bioavailability (AB/RB)

The values were calculated frdrables 14A-Bto determine the AB by using
the formula: Ba = [AUCoa/AUC;,.] X [DOSse;./D0S&4].

The results as summarizedlable 15 showed that (a) AB of RIF in presence
of PZA +INH, was lower by 24 %, than the AB of Rdfone (b) AB of RIF increased
by 52 % in presence of FG-1, and (c) AB of RIFambination with PZA + INH was
increased by 57 % in presence of FG-3, and (d) rélaive bioavailability (RB) of

RIF in combination with PZA + INH was increased38/% in presence of CR-1(1).

Table 15. Absolute/relative bioavailability

A. RIF alone 63.98

B. RIF + FG-3 97.29 (52 %p*
C. RIF in presence of PZA + INH 48.33 (24 %)**
D. RIF in presence of PZA + INH + FG-3 75(97 %f)***
E. RIF in presence of PZA + INH + CR-1(1) 64.1@ @1)****

Values in parenthesis show % change
*vs. A; **vs. A; ***vys, C; ***vs, C (RB), (p<0.001)

123



5.3 Mode of action studies

5.3.1 Effect of FG-3 on the passive transport of K

Results for the donor-to-acceptor plate passivespart of RIF after 12 h of
incubation are depicted iaig. 20 With 10 uM and 100 pM initial load of RIF, the
conc. of the drug transported was 0.21 + 0.02 pid, B98 + 0.06 uM respectively.

In presence of FG-3 (25-100 uM) RIF transport watsaffected.

2.50

1.50

1.00

Permeated RIF (nM)

0.50

0.00

Fig. 20. Parallel Artificial membrane permeability assay
(PAMPA). The experiment was carried out as descdhia Section
4.11 study 1. Open columns represent the amount RIfF
permeated (with donor plates containing drug onlyphaded
columns represent RIF permeated in presence of FGYalues are
mean = SEM (n=6).

5.3.2 Effect of FG-3 on the active transport of FE.

Results oéx-vivoexperiment on FG-3 (everted gut sac studies) wrergrized
in Table 16 The mucosal-to-serosal transport of RIF was founde linear against
an external load of 0.25 mM during 0—30 min of ibation (optimization data not

shown). From the liner transport curves the ratdRiff transport was 4.44 + 0.08
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ug/min/unit area. After 1 h and 2 h of FG-3 treatim@ mg/kg, p.0.) mucosal-to-
serosal transfer of RIF was increased by 37 % &nh@b4respectively. During the
next 1 h the transport further increased by 69 @thrs profile was maintained even
4 h after FG-3 treatment. THe&y,, also increased in a corresponding manner to a

maximum of 69 % by 3-4 h.

Table 16. Mucosal to serosal transfer of RIF

Treatment Absorption rate PappX 107 (cm/s)
Group (ug RIF/min/unit area)

A. None 4.44 + 0.08 1.865 + 0.05
B. FG-3:1h 6.09 + 0.05 (37 %) 2.558 + 0.09
C. FG-3:2h 6.66 + 0.04 (49 %) 2.798 £ 0.07
D. FG-3:3h 7.51 +0.09 (69 %) 3.155+0.08
E. FG-3:4h 7.54 +0.10 (69 %) 3.168 £ 0.06

The experiment was carried out as described in Rert4.11
study 2.Rats were administered with FG-3 (5.0 mg/kg, p.o.).
Everted sacs from jejunum prepared at 0, 1, 2, dah h post-
treatment. Everted gut sacs were incubated agaiastexternal
(mucosal) load of 0.25 mM RIF. Values are mean + MEn =9
sacs (3 each from one rat; 3 rats usedp < 0.001 vs. Group A
(Dunnett’s t-testfip < 0.001 vs Group A (Student’s t-test).

5.3.3 Effect of CR-1(1) on the transpodf RIF, INH and PZA.

Results ofex-vivo experiment onCR-1(1) (everted gut sac studies) are
summarized irFig. 21A for RIF, in Fig. 21Bfor INH and inFig. 21Cfor PZA. An
identical pattern of mucosal to serosal transp@s wbserved for all the drugas the
mucosal load of the drug was increased, so didrtheosal transfer rate. In the low
range of external load of the drugs, the patteralsorption across everted gut sacs
was similar in untreated and CR-1(1) treated grotjmsvever, with gradual increase
of drug load in the external medium, the extentoicosal-to-serosal transfer of each

drug was significantly high in CR-1(1) treated gnaompared to untreated group.
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Mucosal transfer (ng RIF unit area/min)

Extermal Lozl of RIF (T

Fig. 21A. RIF. The experiment was carried out
as described in Section 4.11 studyRats were
administered with CR-1(1) (8.0 mg/kg, p.o.).
Everted sacs from jejunum prepared at 3 h post-
treatment and incubated against varying
external (mucosal) load of RIF. Values are
mean + SEM;n = 9 sacs (3 each from one rat;
3 rats used). p < 0.001 vs. Group A (Dunnett’s
t-test).
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Fig. 21B. PZA. The experiment was carried out
as described in Section 4.11 study Rats were
administered with CR-1(1) (8.0 mg/kg, p.o.).
Everted sacs from jejunum prepared at 3 h post-
treatment and incubated against varying
external (mucosal) load of PZA. Values are
mean + SEM;n = 9 sacs (3 each from one rat;
3 rats used). p < 0.001 vs. Group A (Dunnett’s
t-test).
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Fig. 21C. INH. The experiment was carried
out as described in Section 4.11 studyRats
were administered with CR-1(1) (8.0 mg/kg,
p.o.). Everted sacs from jejunum prepared at
3h post-treatment and incubated against
varying external (mucosal) load of INH.
Values are mean £ SEMn = 9 sacs (3 each
from one rat; 3 rats used). p < 0.001 vs.
Group A (Dunnett’s t-test).

CR-1(1) treatment increased tRg,, values. In case of RIF, this was 1.198 +

0.003 x 10 for untreated group and 1.553 + 0.005 % f6r treated group (1.29-fold

change); for PZA, these values were 2.174 + 0.008% for untreated group and

2.871 + 0.003 x 1B for treated group (1.32-fold change); for INH, sbevalues were

1.685 + 0.002 x 18 for untreated group and 2.567 + 0.003 % f6r treated group

(1.52-fold change).

5.3.4 Effect of FG-3 on Rho123 transportex-vivogut sac studies).

Results are summarized ifable 17. The serosal to mucosal transport of

Rho123 was found to be linear against an exteaaal bf 2-1QuM during 0-30 min of

incubation (optimization data not shown). From liher transport curves the rate of
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Rho123 transport was 126.37 ng/min/unit area. A3thr of FG-3 treatment (5 mg/kg,

p.0.), serosal to mucosal transfer of Rho123 wasedsed by 40 %.

Table 17. Serosal to mucosal transfer of Rho123

Treatment Exsorption rate PappX 10° (cm/s)
Group (ng Rho123/min/unit area)

ANone 210.46£655 184011
B.FG-3:3h 126.37 + 7.11(40 198 1.10 +0.01
C. Verapamil: 25 pM 111.22 + 3.43(47:9% 0.86 +0.03

The experiment was carried out as described in #ect4.11
study 3.Rats were administered with FG-3 (5.0 mg/kg, p.o.).
Everted sacs from jejunum prepared, 3 h post-treatth Values
are mean £ SEMn = 9 sacs (3 each from one rat; 3 rats uséd).
p < 0.001 vs. Group A (Dunnett’s t-tesfp < 0.001 vs. Group A
(Student’s t-test).

The apparent permeability coefficientPafy) was also decreased

corresponding manner by 40% in presence of FG-3.

5.3.5 Effect of FG-3 onin-situ efflux of Rho-123.

Results for the net efflux of Rhol123 are summarizedrig. 22 Following

parameters were calculated:

Coss:  Steady state plasma conc. of Rho123 (nmol/min)

in

CL¢: Total plasma clearance (ml/min/kg) = (Constafision rate of Rho123 in

nmol/min) / Gssin nmol/min);

Exsorption Rate Int.: Intestinal exsorption ratsm@Vmin/kg) = (Rho123 conc. in

effluent in nmol/ml) / (effluent flow rate in ml/m)
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CLntex: Intestinal exsorption clearance (ml/min/kg) = (Btteal exsorption rate in

nmol/min/kg) / (Gssin nmol/ml)

In this experiment following perfusion medium wesed:

Medium 1 : Buffer only

Medium 2-A : Buffer containing FG-3 (5M)

Medium 2-B : Buffer containing FG-3 (1Q0M)

Medium 3-A : Buffer containing RIF (M)

Medium 3-B : Buffer containing RIF (1,0M)

Medium 4 : Buffer containing RIF (1oM) + FG-3 (100uM)
Medium 5-A : Buffer containing verapamil (281)

Medium 5-B : Buffer containing verapamil (1QM)

Results are summarizedking. 22andTable 21.

Rho 123 effluxed (ng/ml/unit area)

};I *

= e : e
H N\ -
N . ES
N\ \
N \%@
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G o & & \gz og g‘v
& C Y )
N L@ &
X %

Fig. 22. Effect of test substances on Rho123 efflux
The in situ experiment was carried out as describ@dSection
4.11 study 5. Open column represent control groygerfusion
medium only). Shaded columns represent treated grouValues
are mean = SEM from 5 independent experiment8 < 0.05, vs.

control.

Experiment A. Net efflux of Rho123 in control (with Medium ®as 2.0278 ng/ml/

unit area. In presence of 5M and 100uM of FG-3 in the perfusion medium

(Medium 2A-B), the net efflux deceased by 35.058d &5.13 % respectively. The

intestinal exsorption rate, and fxlex decreased by 65-71 %i@. 22andTable 18.
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Experiment B. The net efflux of Rho123 in control (with Medium was 2.671

ng/ml/unit area which was increased by 20.43 % &b0.14 % respectively in
presence of mM and 10uM of RIF in the perfusion medium (Medium 3A-B). A
load of 10uM of RIF increased the intestinal exsorption ratd &L ex by 52 % and

81 % respectivelyKig. 22andTable 18).

Experiment C-1: The net efflux of Rho123 in control (with Mediumpas 3.3972

ng/ml/unit area which was decreased by 47.26n%reésence of 100M FG-3 + 10
uM of RIF in the perfusion medium (Medium 4). Thestinal exsorption rate, and

CLin.ex decreased by 47 % and 54 % respectively.

Experiment C-Il : After the perfusion with Medium 4 (containing FG+RIF), was

over, again a Medium 1 was reperfused in ordenvestigate the reversibility of FG-
3 + RIF effect. In this experiment intestinal exstarn rate, and Cl.ex showed a
decrease of 37.21 % and 44.29 % with Medium 4 aitet reperfusion with Medium

1 intestinal exsorption rate was increased by 20.(Hg. 23).

Experiment D: The net efflux of Rhol123 in control (with Medium Wwas 3.2146

ng/ml/unit area which was decreased by 26.9%f6 51.99 % respectively in
presence of 2aM and 100uM of verapamil in the perfusion medium (Medium 5-A
and B). A load of 10QuM of verapamil decreased the intestinal exsorptaie and

CLintex In the range of 52 %- 58 %.
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Fig. 23. Effect of FG-3 on intestinal clearance andtestinal
exsorption rate of Rho123.
Experiment E, as described in section 4.11 studyob 3 perfusion
sets: with medium 1 (a), followed by medium 4, aridrther
reperfusion with Medium 1. y axis shows the datar fintestinal
exsorption rate, in line graph A, and for Gkex. in line graph B.,
Values are mean = SEM (n=5).

Experiment E: In this experiment rats pre-treated with FG-3 (5kggp.o,) were

used. The net efflux of Rho123 in control (with Nled 1) was 3.3011 ng/ml/unit
area, which showed a non-significant changehén net efflux of Rho123 as well as
in the Gss CL;, intestinal exsorption rate, and flx, compared with control

(perfusion with Medium 1).
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Table 18. Effect of FG-3, RIF and verapamil on Rho23 clearance under steady
state plasma conc. of Rho123.

CL. Exsorption Rate Int.  Glex.

(LM) (ml/min/kg) (nmol/min/kg)

Control
50uM
100uM

Control
S5uM
10puM

Control
10+500 uM

Control

Control
25 uM
100uM

Control
Treated

0.198 £ 0.02 84.24 +1.79 0.096 + 0.01
0.220+0.01 75.65+1.83 0.062 + 0.01
0.239 +0.01 69.56 +2.0 0.033 +0.00

B. RIF

0.259+0.01 64.33+82.3 0.125+0.03
0.241 +0.01 68.92 £ 2.27 0.152 +£0.02
0.216 £ 0.02 76.88 +2.11 0.190 +£0.01

C-l. RIF+FG-3

0.327 +0.02. 78.0+£1.92 0.161 +0.02
0.377 £0.01 94.0.312 0.085 + 0.02

C-ll. RIF+FG-3 (Reversibility)

0.266 £ 0.02. 63.45 + 2.52 0.089 +£0.01
0.299 +£0.01 56.02 + 2.38 0.056 + 0.1
0.338 + 0.02 49.58 + 2.80 0.107.¢10

D. Verapamil

0.310 +0.02 53.651.99 0.152 £ 0.02
0.337+£0.01 49.318 £2.1 0.111 +0.02
0.357 £0.02 46.621 #2.2 0.073 = 0.01

E. FG-3

0.3178 +0.01 52.451 + B87 0.1569 + 0.01
0.3275+0.01 50.902 +2.030.1423 +0.02

(ml/mikg)

0.487 £ 0.03
0.284 +0.02
0.140+0.01

0.483 +£0.03
0.632 £0.02
0.879 + G°02

0.493 +0.03
0.225+0.03

0.33.01
0.188 +0.02
0.306 +£0.01

0.4918 + 0.02
0.3301 +0.02
0.2052 + 0.01

0.4937 + 0.029
0.4346 +0.025

Experiments were conducted as described in Sectbhl study 5. Each value

represents the Mean £ SEM (n = 6). Infusion rate Bho123 was 3.3333 nmol/min

in each control and treatment groug.p < 0.05, vs. control groups.

132



5.3.6 Effect of FG-3 on theH-benzopyrene transport (Guinea pig epithelial ced,

in-vitro)

The results are summarizedTiable 19 The results showed that FG-3 (25-100

uM) enhanced th&H-Benzopyrene accumulation by cells in the range821 %.

Table 19. Effect of FG-3 on théH-benzopyrene transport
(Guinea pig irgignal epithelial cells)
Treatment sf€onc. 3H-Benzopyrene accumulation
pmol/ 2X&8lls/10 min

Control - 9470 + 166.2
FG-3 25 uM 11174 + 234.3*
50 uM 11458 + 230.3*
100 uM 11467 £ 227.9*

Verapamil 50 uM 13222 +11.32

The experiment was carried out as described in &ect.11
study 6. Values show mean + SEM from 4 independent
experiments (Each experiment was done in triplicateCells
were incubated with 0.5 mMH-benzopyrene (20,000 cpm)
in absence and presence of FG-3/verapamil for 10nmi
Whole incubation medium was filtered using glassbdr
filters, and washed. The radioactivity retained filiers, was
counted as described in Section 4 study*6p< 0.05 vs.

control (n=4).

5.3.7 Effect of FG-3 on vanadate sensitive P-gp ABBe activity (rat jejunal

membranes,in-vitro).

Results are summarized kg. 24. Basal P-gp ATPasactivity of the freshly
prepared isolated rat jejunal membrane was in dmge of 4.65-5.21 nmol Pi/mg

protein/min. FG-3 showed a conc. dependent effst:50 and 10uM of FG-3
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inhibited the ATPase activity by 28.3 %, 59.9 % &8M % .Verapamil (25-100M)

inhibited the enzyme activity in the range of 1989/88 %.

PI (nmoles/mg protein/min)

Fig. 24. Effect of test substances on P-gp ATPast\aty.

The experiment was carried out as described in ®ecd.11
study 7. Open column represent ATPase activity ontol
(untreated membranes). Shaded columns show resulih
test materials. Values are mean + SEM from 4 ipgedent
experiments (each experiment was done in triplidateP <
0.05, vs. control.

5.3.8 Effect of FG-3 on CYP 3A4: Testosterone hydrylase activity (rat liver

microsomes,in-vitro)

The specific activity of the testosterone hydroggl@nzyme was determined on
the basis of the testosterone converted fdhygiroxy testosterone by estimating a
difference between control (without FG-3) and testubations (containing FG-3),
under the given conditions of the assay. Resutsammarized ifig. 25

In control preparations the enzyme activity wasnfbuo be 6.56 nmole
hydroxy-testosterone /mg protein/min. FG-3 at caf@25 puM, 50 uM and 100uM,
inhibited testosterone hydroxylase activity by 212% % and 34 % respectively. On

the other hand, piperine (25-1(AM) inhibited the enzyme activity by 76.8-81 %.
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Fig. 25. Effect of test substances on testosterbgdroxylase
activity.

The experiment was carried out as described in ecté.11 study
8. Open column represent enzyme activity in controEhaded
columns show results with test materials. Valueseamean +
SEM from 4 independent experiments (each experimemis done
in triplicate). " P < 0.05, vs. control (t-test).

5.3.9 Effect of FG-3 on CYP 3A4: Erythromycin demdtylase activity (rat liver

microsomes,in-vitro)

The specific activity of erythromycin demethylaseaswcalculated as the
difference between HCHO (nmoles/mg protein/min,egated along with demethyl-
erythromycin in a ratio of 1:1), produced in thentol (without FG-3) and HCHO
produced in test incubations (containing FGR3sults are summarizedhing. 26.

In control (untreated) preparations the enzymeviggtivas found to be 3.59
nmole HCHO formed/mg protein/min. The effect of BGen erythromycin
demethylase activity was not statistically sigrafi€. Piperine (25-10QM) inhibited
the activity by 19-23 %.
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Fig. 26. Effect of test substances on erythromydi@methylase
activity.
The experiment was carried out as described in #ec#.11 study
8. Open column represent enzyme activity in contr&haded
columns show results with test materials. Valuese anean +
SEM from 4 independent experiments (each experimesais done
in triplicate).

5.3.10 Effect of FG-3 on CYP 3A4: Inducible erythronycin demethylase activity
(mouse liver microsomesin-vitro)
Results are summarized irig. 27. In control (untreated) preparations the
phenobarbitone-inducible enzyme activityGb7BLmice was found to be 17.4 nmole
HCHO formed/mg protein/min, which was 56.3 % higlkempared to un-induced

animals. The effect of FG-3 on inducible activitgswmot statistically significant.
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Fig. 27. Effect of FG-3 on inducible erythromycin
demethylase activity.

The experiment was carried out as described in &ect
4.11 study 8. Open column represent enzyme activity
control. Shaded columns show results with test
materials. Values are mean £+ SEM from 4 indepentlen
experiments (each experiment was done in tripligate
% p<0.05 Avs.B

A: Constitutive activity - C57BL mice
B: Inducible activity - C57BL mice
C: Constitutive activity - Swiss mice.
D: Inducible activity -  Swiss mice.

137



5.4 Toxicity studies

5.4.1 Effect of FG-3 on intestinal mucosal membraniategrity.

Results are summarized Trable 2Q There was nagignificant release of protein

in the luminal fluid recovered from gut sacs ingaece of either FG-3 or CR-1(1).

Table 20. Effect of test materials on mucosal (lumal)
protein content of un-everted sac

Incubation mg Protein/ml/unit area
A. Buffer 0.295 £ 0.005

B. Buffer + FG-3 (10pg/ml) 0.290 + 0.004

C. Buffer + FG-3 (30 pg/ml) 0.277 + 0.004

D. Buffer + FG-3 (100 pg/ml) 0.286 + 0.003

E. Buffer + CR-1(1) (10pg/ml) 0.237 +0.610

F. Buffer + CR-1(1) (30 pg/ml) 0.246 + 0.606

G. Buffer + CR-1(1) (100 pg/ml) 0.241 + 0.605

Values (mean + SEM) (n= 9 sacs: 3 sacs derived fr8m
rats).

®Non-significant vs. control (Student’s t-test).
Area of the sac = 27 r? x |, where r = radius of the
intestine; L =length of the sac.

5.4.2 Acute, sub-acute and sub-chronic toxicity stlies.

General observations:In acute toxicity study no mortality was observed 21 days

in control (untreated) or treated groups.

Clinical observations: There was no treatment-related mortality of aninalany
dose level tested. Gross observations did not rewsatreatment-related changes and
all animals both in control and treated groups apge healthy. Any clinical
symptoms of locomotor dysfunction, tremors or cdsmuns were absent, and all
animals survived until the end of the study. Ansnaf both sexes in control as well

as in treated groups showed identical pattern df/lweeight changed~g. 28 A-D).
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Fig. 28B. Weekly body weight (Sub-acute toxicitydy in female rats)
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Fig. 28D. Weekly body weight (Sub-chronic toxicgjudy in female rats)
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Hematology and serum biochemistry:The results of hematology examination are

summarized imable 21-A (sub-acute study) anithble 21-B(sub-chronic study).

There were no statistically significant differenicethe values of RBC, WBC,
and differential leucocyte counts. The other patanse hemoglobin and platelet
counts also showed no alteration by FG-3 treatnfgertum biochemistry parameters

are summarized ifable 22-A (sub-acute study) anichble 22-B (sub-chronic study).

The levels of serum glucose, TG, cholesterol, ud®aand creatinine in treated
groups remained within the normal range. The wmtdics of liver function (AST,

ALT and bilirubin,) were within the normal rangetineated male and female rats.

Conclusion of toxicity studies:

No evaluation of the effect of the repeated doshgany herbal product of
carum/caraway is reported, prior to this study4-veek sub-acute toxicity testing as
well an 8-week sub-chronic toxicity are widely saered satisfactory to assess any
possible health hazard, and are now considered rtago even for herbal
supplements/natural products. The results showatdRB-3 was devoid of toxicity at
its bioeffective dose as well as at 5-times higtiese. There were no treatments
related clinical symptoms or organ toxicity as ided by a normal organ to body

weight ratios Table 23A-B).
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Table 21A. Hematological values of rats treated wit FG-3 (4 weeks sub-acute

toxicity study)
Male rats
WBC Lyn?. Grd. RBC HA PIf.
(x10%/1) (%) (%) (xI81) (%) (g/dI)
Control 15.9 73.6 22.1 8.9 121 247.
+2.1 +5.1 +6.6 A1 +3.0 +7.0
FG-3Treatment
5 mg/kg 16.3 75.1 24.9 7.9 11.6 43.2
+1.1 +2.1 +5.8 +1.4 +1.3 +4.8
25mg/kg  16.6 71.1 25.1 8.7 12.5 44.3
+5.1 +8.2 +5.1 +14 +13  +4.9
Female rats
WBC Lynt. Gra. RBC HA PIf.
(x107/1) (%) (%) (xI81) (%) (g/dl)
Control 13.2 69.3 23.4 9.1 11.7 43.8
+1.9 +4.4 +55 72 +2.8 +5.2
FG-3Treatment
5 mg/kg 15.6 73.2 24.7 8.2 13.5 47.4
+1.3 +2.1 +6.5 +1.3 +1.38 +5.0
25mglkg 17.4 73.6 22.3 8.8 11.9 44.3
+5.6 +8.5 +5.1 +1.4 +11  +4.4

Values are mean = S.D (n =5).
3ymphocytes’granulocyte;*hemoglobin; %platelets.
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Table 21B. Hematological values of rats treated wit FG-3 (8 week sub-chronic

toxicity study)
Male rats
WBC Lyn?. Grd. RBC HA PIf.
(x10%/1) (%) (%) (xI81) (%) (g/dI)
Control 12.3 71.1 21.7 8.2 11.8 41.3
+1.9 +3.1 +55 71 +27 +35
FG-3Treatment
5 mg/kg 14.2 70.2 21.2 10.2 10.1 41.9
+1.7 +3.1 +4.3 +1.3 +2.4 +3.8
25mg/kg  13.2 68.4 22.3 9.9 11.2 45.6
+5.0 +7.2 +4.1 +23 21 +3.6
Female rats
WBC Lynt. Gra. RBC HA PIf.
(x107/1) (%) (%) (xI81) (%) (g/dl)
Control 11.2 73.4 22.6 8.01 12.0 41.2
+1.9 +4.0 +35 82 +2.3 +4.7
FG-3Treatment
5 mg/kg 14.2 70.9 23.5 9.0 10.5 45.8
+2.6 +4.3 +4.7 +22 *1.1 +3.9
25mg/kg  13.3 71.2 24.3 9.5 13.1 46.1
+3.2 +6.2 +4.3 +35 *17 +5.1

Values are mean = S.D (n =5).
3ymphocytesPgranulocyte;*hemoglobin; %platelets.
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Table 22A. Biochemical parameters of rats treatewith FG-3 (4 week sub-
acute toxicity study)

Male rats

Glu TG Chol AST ALT Bil Urea Creat UA

Control 90.4 103.2 51.3 112.559.2 0.6 51.2 0.79 1.12
+96 +135 *65 +119 +81+0.17 =75 +0.13 +0.21

FG-3 Treatment

5mg/kg 98.1 974 494 92.4 54.2 0.59 48.7 0.83 0.98
+74 +98 *76 +8.1 47. £0.13 6.4 +0.14 *0.1

25 mg/kg 101.4 100.1 53.2 90.7 3.25 049 56.1 0.72 1.01
+6.7 *11.8 6.4 +7.8 55 *0.11 +49 +0.13 40

Female rats

Glu TG Chol AST ALT BiIl Urea Creat UA

Control 87.7 89.7 65.2 97.355.3 0.59 49.7 0.88 0.95
+59 93 71 &7 +*73 +011 +*6.1 +0.12 30.

FG-3 Treatment

5 mg/kg 80.2 88.5 60.8 87.456.8 0.63 51.2 0.90 0.99
+6.8 #11.2 +8.8 +6.8 +7.4 &17 £6.1 +0.17 *0.11

25 mg/kg 91.5 88.3 56.4 100.31.8 0.58 53.1 0.89 0.88
+80 76 +72 +11.1 +53 +0.13 *4.6 .18 +0.16

Values are mean + S.D (n=5).
Glu= glucose (mg/dl); TG= triglyceride(mg/dl); Chelcholesterol (mg/dl); AST=
Aspartate aminotrasferase (SGOT) (IU/L); ALT=alangnaminotransferase (SGPT)
(IU/L); Bil= bilirubin (mg/dl); Creat= creatinine (mg/dl); UA= uric acid (mg/dl)
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Table 22B. Biochemical parameters of rats treated ith FG-3 (8 week sub-
chronic toxicity study)

Male Rats

Glu TG Chol AST ALT Bil Urea Creat UA

Control 90.4 103.2 513 112.59.2 0.6 51.2 0.79 1.12
+96 *+135+65 +119 +81+0.17 +75 +0.13 +0.21

FG-3 Treatment

5mg/kg 91.9 100.3 58.5 92.462.1 0.63 411 0.73 0.90
5.7 +11.2+6.7 +10.1 £59 +0.14 £+54 +0.13 £0.18

25 mg/kg 92.3 93.4 58.3 89.%7.7 0.50 51.9 0.71 0.99
+4.4 +7.9 49 +6.2 *48 *0.17 +43 +0.19 +0.14

Female Rats

Glu TG Chol AST ALT BiIl Urea Creat UA

Control 87.7 89.7 65.2 97.3 55.3 0.59 49.7 0.88 0.95
+59 +93 7.1 +7.7 87 +0.11 +6.1 +0.12 £0.31

FG-3Treatment

5 mg/kg 80.2 88.5 60.8 87.4 56.8 0.63 51.2 0.90 0.99
+6.8 *+11.2+8.8 +6.8 +74+0.17 +6.1 +0.17 *=0.11

25 mg/kg 91.5 88.3 56.4 100.51.8 0.58 53.1 0.89 0.88
+80 76 72 +11.1 +53+0.13 +4.6 +0.18 £0.16

Values are mean + S.D (n=5).
Glu= glucose (mg/dl); TG= triglyceride (mg/dl); Clw cholesterol (mg/dl); AST=
Aspartate aminotrasferase (SGOT) (IU/L); ALT=alanghaminotransferase (SGPT)
(IU/L); Bil= bilirubin (mg/dl); Creat= creatinine (mg/dl); UA= uric acid (mg/dl)
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Table 23A. Organ to body weight ratio (4-week sulacute toxicity study)
Male rats

Brain Heart Lung Liver Spleen Kidney Kidney Testis Testis
(R) L) R) (L)

Control 6.6 34 71 43.24.1 3.9 3.6 6.1 .07
+11 *+07 *06 +*73 *06+08 +06 +05 =*11

FG-3 Treatment

5mgkg 62 3.6 73 44383 40 37 59 68
+09 +09+06 +63 +07£0.6 +0.7 +03 +0.38

25mg/kg 7.0 3.1 7.2 43.4.0 3.3 3.6 6.3 6.3
+0.7 *06 +08 +05 *0.7408 +*05 +0.7 0.8

Female Rats

Brain Heart Lung Liver Spleen Kidney Kidney Testis Testis
(R) L) R) O

Control 6.0 3.9 6.8 4143 4.0 3.9 6.4 96.
+10 *05 *04 +*19 +*0.7+#06 =+0.7 +04 =x01

FG-3 Treatment

5 mg/kg 6.1 4.1 6.9 4331 4.2 3.8 6.0 6.1
+08 +*0.7 *05 *59 +x08:0.7 +0.8 +04 0.6

25mg/kg 6.7 3.8 7.1 4142 3.5 3.1 6.0 6.7
+04 *03 09 +*73 +£05+06 =*0.7 +05 *0.6

Values are mean (x I8) + S.D (x 10%) (n =5)
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Table 23B. Organ to body weight ratio (8 weeks subhronic toxicity study)

Male rats

Brain Heart Lung Liver Spleen Kidney Kidney Testis Testis
(R) L) R (L

Control 6.6 3.4 7.1 4321 3.9 3.6 6.1 07.
+11 *0.7 06 *7.3 £0.6x0.8 +0.6 +05 =11

FG-Treatment

5 mg/kg 6.1 3.2 6.9 43374 3.8 3.8 59 16.
+13 *0.77+x052 +52 £+0590562 +061 =+03 *0.3

25mgkg 59 3.7 7.2 4086 3.7 4.0 63 5.9
+1.1 +043 +0.8 +7.1+0.440.71 2049 +0.7 +0.7

Female rats

Brain Heart Lung Liver Spleen Kidney Kidney Testis Testis
(R) (L) (R) (L)

Control 6.0 3.9 6.8 41.14.3 4.0 3.9 6.4 96.
+10 *05 *04 +*19 0206 *0.7 +04 *090.1

FG-3 Treatment

5 mg/kg 6.9 43 6.8 41.24.2 3.8 3.9 5.7 6.7
+1.1 066 £049+51 +057053 =*=0.49 =*0.52 +£0.47

25 mg/kg 6.5 3.9 7.3 39.3.9 4.0 3.6 5.9 6.1
+0.47+041 +0.89+59 *0.480.55 =*=0.61 =*0.46 +0.29

Values are mean (x I8) + S.D (x 10%) (n =5)
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DISCUSSION




6. Discussion

As we move ahead into the 2tentury we find increasing growth in the
integrative medicine which largely incorporates tise of such herbal products which
are considered to produce value-addition to thetexg therapies. Consequently
there is a visible growth in the marketing of shenbal products world over which is
largely based on the traditional and folklore ugeherbs. In addition continued
exploration of herbs as potential sources of nesva@mplex bioactive molecules has
added a new dimension, primarily because the cdiorel single molecule therapy
is leading to continuous decline in cure rate esfigaf chronic indications. One of
the most powerful arguments which favor the integeamedicine comes from their
synergistic action.

Ayurveda is a widely practiced alternative systeirmedicine which utilizes
variety of herbs. One of the most common featufethese therapies is the use of
multi-herb compositions containing certain planthickh have been suggested to
produce synergy and that remains as one of thenagds of such indigenous drugs.
Bioevaluation of several herbal products from thgdants has revealed the
mechanism of a number of molecules acting togethemn additive, synergistic or
antagonistic manner to modify a biological response

Recently considerable information has also becowalable with respect to
herb-drug interactions. Numerous evidences existrfany documented Ayurvedic
herbs which suggest that such interactions coutdlypre potential effects-vivo
[124-130]. Prominent among the many effects of éhesrb-drug interactions is the
drug bioavailability alteration. In these contestural products which could facilitate

the bioavailability of poorly bioavailable drugsef great promise.
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BIOAVAILABILITY ENHANCING ROLE OF CUMIN /CARAWAY

In the present study an aqueous extract derivesh fcamin seed caused a
significant enhancement of RIF bioavailability at.rAn activity guided fractionation
has resulted in identifying a flavonoid glycoside,5—dihydroxyflavone-7-(8-D-
galacturonide-40-B-D-glucopyranoside (FG-3) from a cumin water soduvaction,
which was responsible for this effect.

On the other hand, a herbal fraction, CR-1(1), frraraway seed significantly
enhanced the oral bioavailability of all the theesi-TB drugs, viz., RIF, PZA and
INH when used in combination. Initially this evalisd was based on a restricted
pharmacokinetic study, which included determinationthin the reported peak time
(1- 4 h) of these drugs [35]. For evaluation pugytse test doses of anti-TB drugs
used in rats corresponded with the human doseseobasis of surface area.

The results have revealed a significant pharmaetikininteraction of the
bioactive molecule (FG-3) from cumin and of thedutive fraction, CR-1(1) from
caraway, with anti-TB drugs resulting in alterecadvailability. Assessment of
bioavailability from plasma conc.-time data usuallyolves determining the
maximum (peak) plasma drug conc( and the area under the plasma conc. —time
curve (AUC). The plasma drug conc. increases Withrate of absorption; therefore
the most widely used general index of absorptioQs. AUC is another reliable
measure of bioavailability. It is directly propamial to the total amount of unchanged
drug that reaches systemic circulation [5]. A congmn of plasma conc.-time curves
showed that a bioactive molecule (FG-3) from cuimireased both the extent and
the absorption rate profile of RIF. A similar actiof bioactive fraction, CR-1(1)

from caraway was also observed with respect to RFA and INH.
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Although an oral route is the most preferred ohe, time taken for an orally
administered drug to reach the systemic circulatioely cause a delay before a
clinical effect is observed, and less than theltdtzse administered reaches the
systemic circulation. Various factors reduce theailability of drugs when
administered by non-i.v. routes. These include maysproperties of the drug
(hydrophobicity, pKa, solubility), drug formulatio(immediate release, excipients
used, manufacturing methods, modified release-ddlaglease, extended release,
sustained release, etc.), fed or fasting condifigastric emptying rate, circadean
differences, interactions with other drugs/foodlT factors, individual variation in
metabolic differences, age, gender, disease conditi phenotypic differences,
enterohepatic circulation, and diet patterns.

The extent of systemic bioavailability is describsdh the pharmacokinetic
term bioavailability (F). Absolute bioavailabilityf a drug is usually determined by
comparing bioavailability by oral route againstravenous administration [7, 8].
Therefore absolute bioavailability of the oral dgsdéorm Fis: F = AUG,o/AUC,,.

Present investigation has shown that bioactive cubde(FG-3) from cumin
enhances the bioavailability of RIF, while the lwtpee fraction, CR-1(1) from
caraway improves the bioavailability of all thei&ialB drugs (RIF, INH and PZA).
This effect was found when RIF alone or in comboratwvith other drugs was used.
A recent report has revealed that RIF has only 20%olute bioavailability in mice
[131].

Cumin and caraway seeds are reported to contairevaldering array of
compounds. However, none of these has been rdalataty specific pharmacological
activity, prior to this investigation, in which ga¥onoid glycoside from cumin has

been found responsible for this specific drug bakability enhancing activity.
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The occurrence of this molecule (FG-3) was earépported in cumin seed [58].
In fact, establishing the molecule-based pharmapcdd efficacy of herbal medicinal
products (HMP) remains a formidable challenge, sinde botanicals, by and large,
exhibit large variations in content of their natupmoducts, resulting in variable
efficacy and medicinal benefits, there is a profbureed for standardization of
HMPs. The goal of standardization is, thereforedéfine an HMP in terms of the
identity and content of its active constituent, awth standardized extracts are
defined by, and represent, the content or range ¢ifra chemical constituent (active
constituent extract, ACE).

On the other hand chromatographic finger print ipngf, as an alternative to
standardization, is also acceptable and such stdindd extracts are recognized by a
marker compound (which may or may not be bioact{(wedrker extract, ME). From
an ACE, the bioactive moiety may also be isolated there are several examples
where such isolates are treated as a herbal drugdt as phytopharmaceuticals).

On the other hand for several medicinal herbs nglsiactive constituent is
known, or considered a phytopharmaceutical, andeth&e extract is treated as
active. In the present investigation the bioactiuenin herbal product was found to
be an ACE (due to the presence of a phytopharmae&utG-3), whereas bioactive
caraway herbal product was found to be a ME (stalimd on the basis of a
moleule-trifolin).

Tuberculosisemains the leading infectious cause of deathadimlrkilling close
to 500,000 people a year. India has far more cabésberculosis than any other
country in the world — abow million new cases each year — and accounts for

nearlyone third of prevalent cases globally [132].
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A fixed drug combination (FDC) comprising of RIFZR, and INH is
considered frontline therapy. There has been wvig®thrust to tackle the problem of
poor/variable bioavailability of RIF. Besides, WH1fas also launched a collaborative
effort known as “Fixed Dose Combination Projectédpite this the problem persists.
For example, the polymorphic conversion of RIFustter unable to explain as to
why a satisfactory dissolution test does not guasacceptable RIF bioavailability.
There are no reports that specify the particulggeets of GMP, which causes
variations to appear. Similarly excipients and otfegmulation dependent factors
have not resulted in satisfactory answers. An aaicofithe problems associated with
the poor/variable bioavailability and the approach® overcome these are
summarized irsection 1(Introduction) . In recent studies (2006-2008), many reports
further highlight this aspect.

A recent population pharmacokinetic study of rifampn South African
pulmonary tuberculosis patients, showed an intériddal variability to be 52.8 %,
for clearance, and 43.4 % for volume of distribntionith possible clinical
implications [133].

Drug dosage regimens are determined by two basianpsers, clearance,
which determines, the dosage rate to maintain geesteady state conc., and volume
of distribution which determines, the amount of gimequired to achieve a target
conc.

Related parameters, the elimination rate constatib(of clearance to volume
of distribution), and elimination half life (0.6%3/ control the speed of elimination of
drug from the body. They are used to estimate itme taken for a drug to be

eliminated from the body and to achieve steady statmultiple dosing.
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Present results have shown that in animals regeifdtf, along with FG-3
(bioactive entities from cumin), a decrease in releee was observed. A similar
pattern was also observed in animal receiving RIEA and INH (in combination)
along with CR-1(1) (bioactive entities from caraywaylhese changes along with a
longer t,, in bioactive moieties -treated groups compareduidreated group,
suggested, that an increase in the overall ratdrwd elimination, is slowed down
during the terminal phase, which contribute tce dibserved enhancement in oral
bioavailability.

Earlier it has been found that co-administratiorRdF, PZA and RIF + PZA
caused a significant decrease in the AUC for INM-administration with PZA
caused a significant increase in the AUC for hysi&zmetabolite of INH and a
decrease in the AUC for its acetylated productydiocgdrazine [134].

In another study co-administration of PZA alonghMiNH caused an increase
in the INH distribution volume b of elimination and clearance, and a decreaseein th
AUC. Co-administration of RIF along with INH causea increase in the INH
clearance, and a decrease in the AUC. During thearnitant administration of PZA
and RIF, the AUC of RIF was decreased while itar@dace was increased. The
combination INH, PZA, and RIF together caused amease in the clearance, and a
decrease in the AUC of INH. Further, a strong eation between clearance and
volume of distribution has been found to cause tsuitigl variability in
bioavailability [134, 135].

There are few reports which describe the time @uwoifsthe anti-TB drugs, in
the animal models: some of the available reporls $, 136, 137] are summarized

below for comparison:
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pg/ml | pg.h/ml [ () [ (0 | (h) (h)

Dwivedi et al| Rat RIF | 2.30 |18.60 |10.51 |- 6.0

1996 [136] +0.03 |+0.14 |+0.51

Karan et al.,|Rabbit | RIF | 5.12 |22.53 |2.45 |0.32 1.80 |-
1999 [137] +0.14 |£2.18 |+0.291+0.004| +0.08
Sharma et al.| Rat RIF | 1.22 |9.7 450 |0.15 2.0 -
2004 [50] +0.23 |+£1.11 |+0.53

PZA | 25.46 |6.23 6.5 0.10 |20 -
+186 |+1.15 |+1.43/+0.01
INH | 2.3 10.99 (3.11 |0.21 2.0 -
+1.33 |+3.0 +0.53

Pandey et al.|Guinea| RIF | - 7.0 - - - 5.8
2004 [55] Pigs +1.4 +1
PZA | - 180 - - - 72

+ 15 +1

INH |- 7.1 - - - 5.0

+1.1 +1

* Detailed parameters (software analysis) of theepent investigation is
appended as Annexure 1V

POSSIBLE MODES OF ACTION OF BIOACTIVE MOIETIES OF CUMIN /CARAWAY

When a drug is administered orally, its fate isalisudescribed in the following
manner: the drug comes into contact with the cdsteh the gastrointestinal (Gl)
system, undergoes dissolution process, and theresamio contact with intestinal
epithelium. 1t is then absorbed through the gutlweia enterocytes lining the
jejunum and ileum), and transported by the por&hs through the liver, before
reaching the systemic circulation and parts ofltbdy. When the same drug is given
i.v. route, it enters the systemic circulation asdlistributed throughout the body
before reaching the liver for the first time. Thepiortant difference between these
two modes of administration lies in the presystefaie of the drug. The incomplete
bioavailability after oral administration may pripally be a result of (1) incomplete
absorption from the intestine, or (2) metabolismtted drug, before it reaches the

systemic circulation (presystemic metabolism).
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MODULATION OF INTESTINAL PERMEATION /EFFLUX PROPERTIES

Systemic bioavailability of orally administered desuhas been considered
primarily a function of physical drug absorptiorheTintestine particularly the small
bowel represents a large surface through whichgargus substrate exchange takes
place across lumen and the blood stream in both dinections (intestinal
permeation). The luminal surface of the intestsidined with a ‘leaky’ epithelium,
through which simple or carrier-mediated diffus@md active transport occurs. The
‘intestinal permeation’ determines the bioavaildpilof drugs and contributes
significantly to the pharmacokinetics of xenobistidhe intestinal epithelium thus
presents a formidable barrier restricting the dragsport. It is now appreciated that
P-glycoprotein (P-gp) also plays a major role iansporting variety of diverse
substrates. P-gp is functionally expressed in therecytes that border the epithelium
of the intestinal tract, where it plays an impottesle as a biochemical barrier. P-gp
has been shown to limit the bioavailability of sefedrugs belonging to different
classes.

An accurate intestinal permeability for drugs isficult to directly study in
humans. There are various transport mechanisms slikgle diffusion, specific
transport mechanisms such as carrier mediatiorfagditated diffusion, exchange
diffusion (countertransport), or the active tranmspoSimple physicochemical
measurements to predict the ability of a drug mdke¢o cross the intestinal barrier
are also not sufficient indices. Therefore a numiddein-vitro and animal-derived
experimental models are used which determine tlestinal absorptive potential of a
drug and the mechanism of absorption. The intessirwell known for its myriad of
functions- absorption, metabolism, and exsorpti&everal in-vitro and in-situ

experimental models used in predicting the absompif drugsn vivo are available.
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In the present investigation the effect of the bin@ molecule (FG-3) from
cumin and the bioactive fraction, CR-1(1) from eeag, have been investigated at
different levels of tissue integration: in the wl@nimal with the intestin@-situ, in
the isolated gut sac (jejunal), in isolated epitiadells (enterocytes), and in isolated
membrane preparations from the jejunum. imsitu model was validated by using
Verapamil, a known inhibitoof intestinal P-gp function [138] and it has alszeb
used as a standard reference in benzopyrene ugdakyg (in guinea pig epithelial cell
model).

The everted gut sac technique was first describedMdson and Wiseman
[139]. The principle advantage of this technique is thakposes a large absorptive
surface (the mucosal cells) to a relatively largkime of well-oxygenated and mixed
nutrient medium. The reproducibility of this-vitro model has made it a very useful
method to compare the transport kinetics of a anufe absence or the presence of a
potential modifier. In gut sac, drug transport tetaclosely to the human absorption
profile, since it represent a model of ‘leaky’ Bplta and is considered more
indicative ofin-vivo intestinal absorption [121]. In this model thedxtive molecule
(FG-3) from cumin caused the rate of RIF absorptimimcrease which seemed due to
an enhanced mucosal-to-serosal permeation of thg. dWloreover the observed
increase NP4y, sustained for a relatively longer period (upto 4after its oral
administration), suggested a modification of perpieg property of the intestine. In
similar ex-vivo experiments, a permeation enhancing property ef ioactive
fraction, CR-1(1) of caraway was also revealed,ciwhiesulted into an increase in
Papp and also modification in the absorption mechanérall the 3 drugs, RIF, INH
and PZA into a non-saturable transport system égscted inSection 5.3.3, could

contribute to enhanced intestinal permeation. tmtak permeation refers to the
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process of passage of various substances acrosatjueither in absorptive or efflux
direction. ‘Permeability’ is the condition of theutgwhich governs the rate of this
complex two-way process [10]. The enhanced bioakdily of anti-TB drugs could
thus be related to an enhanced intestinal permigabil

Experimentally a gut sac is also considered to heseful screening tool for
studying P-gp mediated efflux [140]. In this coritéxe observed effect of bioactive
moieties seemed to be a sum of not only of its gem enhancing effect but also to
efflux inhibition effect. More direct evidences fefflux inhibition are discussed later.
Earlier reports have also showed involvement ohb@t, an efflux-mediated, as well
as, a saturable absorption mechanism for RIF inntastine using the everted sac
[141]. In this study it was shown that RIF permdégbivas decreased in jejunum and
ileum with an increase in residence time. The patiae of RIF from the serosal to
the mucosal side (efflux) was significantly highlean permeation from the mucosal
to the serosal side (absorption) of jejunum andnileOur findings corroborate this
for the involvement of efflux-mediated and satuea@bsorption mechanisms of RIF
in rat intestine, which act as barriers to the gitson of the drug. This explains the
drug's poor absolute bioavailability. As P-gp varfeom person to person to (2-8-
fold), it can be one direct reason for the intenidual variable bioavailability shown
by RIF [141]. In a clinical report, bioavailabilityf RIF and INH have been found to
be significantly lower in TB patients due to a d&ge in the functional absorptive
area of the intestine in patients, causing redseedm conc. of anti-TB drugs [142].

In further experiments the bioactive molecule frooamin, FG-3 was
investigated for its possible influence on the Prgediated mechanism. For this
purpose three probes were used. These were RhBIR&nd benzopyrene. Rho123

is a P-gp substrate and is a typical probe to assastro andin-vivo P-gp function
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[143]. RIF is a well known substrate and also aftuaer of P-gp. It upregulates P-gp
function in intestine after oral administratiom fact, transport of RIF by P-gp is an
important element in drug activity, and variatiom human expression of P-gp
contributes to individual variability in RIF dispten [144, 145]. The effect of
bioactive molecule FG-3 from cumin on the P-gp ratsll efflux of Rho123 and RIF
was investigated in an-situ model.

In-situ single pass perfusion technique has generally beerepted for
estimating intestinal absorption and has been stgddo produce a profile closer to
oral administration. Here a compound of interesh@nitored in perfusate and loss of
compound (difference between inlet and outlet Qorscattributed to permeability.
Several studies have shown that the extent of pbenrin humans can be predicted
from single-pass intestinal perfusion techniqueran and this hasshown most
constant absorption rate, and also a good comwelatith human data [146]. In the
present investigation this model was validated bynag verapamil. Verapamil is a
known inhibitorof mammalian intestinal P-gp function [138]. Theuks have shown
that bioactive molecule FG-3 from cumin, inhibitdek P-gp function as evidenced
by a reduced intestinal exsorption clearance andtinedsexsorption rate of Rho123.
Further in this experiment, RIF was found to stiatelthe P-gp function, but in
presence of FG-3, RIF efflux remained inhibitede Hifect of FG-3 was found to be
reversible. In a primed rat model, pre-exposure®43 for duration of 6 days did not
modulate P-gp function, suggesting that FG-3 wadsefffective at the expressional
level of P-gp. Therefore a direct interaction of -BGwith this protein may be
anticipated. It may be mentioned here that an asmen bioavailability indices were
also found to occur without any lead-time when F@e3 administered in pre-mixed

combination with RIF.
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Another probe molecule, benzopyrene transportss egported to be regulated
by P-gp [119, 147]. The effect of bioactive molecbG-3 from cumin on the P-gp -
mediated transport of benzopyrene was investigiatesblated guinea pig epithelial
cells. Isolated intestinal mucosal cells have tiieaatage of a preparation consisting
of the cells which are primarily involved in intestinaktrsport, and free from the
other functionally inert living material. In thesxperiments, FG-3 enhanced the
accumulation of benzopyrene by the cells, thushérrhighlighting its P-gp inhibitory
role.

Subsequently, direct evidence was also obtainedhbyinhibition of P-gp-
dependent ATPase activity. P-gp is an unusual Afived transporter, in that it has a
low affinity for ATP and exhibits a high level ofowstitutive or basal ATPase
activity. This protein has 12 transmembrane domaorgained in two homologous
halves and two ATP-binding cassette domains in daali that catalyze ATP
hydrolysis. One characteristic of this proteinhattit couples binding and hydrolysis
of ATP at the two nucleotide-binding domains to glrexport by transmembrane
domains. Therefore ATP hydrolysis happens to bmlaerent property of P-gp. P-gp-
dependent ATPase assay is a widely usedtro method to investigate the affinity of
a substance for P-gp, since one interesting prppéthis enzyme is its vulnerability
to stimulation or inhibition by a variety of cherhetapeutic agents, natural products
and other xenobiotics, suggesting that there esistse type of communication, or
coupling, between drug-binding sites, which aredveld to reside within transporter
domains of the membrane. Transport activity of Pigpelated to the amount of
inorganic phosphate (Pi) that gets liberated upgirdiysis of ATP so that this assay
is able to distinguish a substrate from an inhibit®-gp ATPase is sensitive to

vanadate, a phosphate analogue which inhibitsyitsotytic activity by forming a
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complex with MgADP at catalytic site that resembilles pentacovalent phosphorus
of chemical transition state. With the use of ¢hi@ic pump inhibitors, ouabain (an
inhibitor of N&a/K*-ATPase), sodium azide (an inhibitor of FO-F1 AT®asand
EGTA (an inhibitor of C&-ATPase), remaining ATPase could therefore bebaitied

to P-gp (cross references cited in our publishegepgl48]. Using this assay, a
prominent inhibitory action of FG-3 on P-gp depamdeATPase could be
demonstrated in isolated jejunal membrane prepmansti

The experimental evidences presented above sutgdsmodulation of P-gp,
as a limiting factor could overwhelmingly contribuh the bioavailability enhancing
action of identified natural products (cumin moliecand the caraway fraction), is
supported by the increasingly recognized view Bigp efflux has a key influence on
the pharmacokinetics of therapeutic agents, redipensfor the Ilow oral
bioavailability [149, 150] and inhibition of P-gpctavity has been considered an
effective way and a useful strategy to enhancetakbioavailability [151].

Though P-gp, as an active secretion system or aabsorption barrier [149-
151] remains one of the most important factorslifoiting bioavailability, but the
issue of passive drug permeability also merits idamation, since absorption of
majority of xenobiotics is largely facilitated byagsive diffusion. In addition, P-gp
efflux from the cell also competes with passivengranembrane drug influx [152].
Consequently the inhibition of secretary transgtvdm the enterocyte back into the
intestinal lumen) may increase permeation in treogdiive direction.

To clarify whether FG-3 affects non-carrier mediatirug absorption in the
intestine, we used PAMPA (Parallel artificial melue permeation assay). PAMPA
is a sophisticated approach utilizing an inert memé supporting a lipid bilayer.

PAMPA shows definite trends in the ability of malézs to permeate membranes by
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transcellular passive diffusion, and has been densd a useful prescreen test to
demonstrate the ability of molecules to permeatenbranes by passive diffusion

[153]. The results however showed that FG-3 didmodify passive transport pattern

of RIF in this assay.

Generally absorption has been considered as a nagterminant of oral
bioavailability. Taken together the results of tmsgestigation suggested that while
the bioactive molecule from cumin i.e., FG-3 proetbactive transport and inhibited
P-gp mediated efflux absorption, the bioactive tioac CR-1(1) from caraway
principally enhanced the intestinal permeability. divect effect of spices with
epithelial cells is reported to affect the transpmdrions and macromolecules. There
are evidences which suggested that spice principiesact with enterocytes to
modulate their properties [154]. Capsaicin and niige have been found to alter
intestinal drug absorption process which is maiaglitated by passive diffusion
and/or paracellular permeation [155, 156].

Further, this effect was not due to cytotoxicityhi§ was ascertained by
measuring the release of tissue proteins fromrtestinal mucosa, which was used
as an index to assess tissue damage. FG-3 and IJRwgfe not found to be
associated with any mucosal toxicity or cell membralamage. Earlier a large
number of substances like surfactants, bile selttslating agent and fatty acids have
been explored as absorption enhancers. However sty agents were found to
have a narrow safety margin due to membrane damaefiects, highlighting a
requirement for non-toxic permeation enhancers [1].

In a related study orally administered cumin/carab@active moieties did not

show any sub-acute toxicity in rats.

161



MODULATION OF CYP 3A4 FUNCTION

The desired therapeutic plasma levels of orally iathtered drugs are
dependent not only on adequate intestinal absarphbot also on the extent of first
pass effect. As mentioned above one another rethsdrhas been proposed for the
incomplete bioavailability after oral administratios the metabolism of the drug
before it reaches the systemic circulation (presyst metabolism). The expression
‘first pass metabolism’ refers to the metabolisiat #in ingested compound undergoes
in its passage through the gut and liver beforehieg the systemic circulation. It is
useful concept for a drug because it provides mé&ion about the relative
therapeutic effect of an orally administered dretative to its i.v. dose (absolute
bioavailability). The most versatile enzyme invalva first pass effect is CYP 3A4
The clinical significance of wide variations in CYJA4 are recognized as major
effects on drug efficacy, drug toxicity, and hemlterapeutic outcome. Marked inter-
individual variability in plasma conc. of drugs eftadministration of a fixed dose is
often related to differences in drug metabolisnithdugh liver is the major site for a
pre-systemic metabolism, CYP 3A4 is present bothapatocytes and enterocytes,
and demonstrated to be identical. In enterocytesmimees of the 3A subfamily
constitute greater than 70 % of the cytochromeainimg enzymes.

In 1972, Herbert Remmer at the University of Tuleingvas the first to describe
that total human hepatic CYP 450 was markedly ¢éelvay the new anti-TB drug
RIF. These early studies, in the 1970s in Tubingsare followed by further
developments. It was realized that the cytochrod®&0Rsoenzyme 3A4 (CYP 3A4)
is the major CYP isozyme in the human liver, meliabay a variety of xenobiotics
and endobiotics. Besides RIF is one of the mostmiahducers of human CYP 3A4

gene expression. These so-called pregnane X resefRXR), across species, are
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activated by inducers of CYP 3A4 expression. It nampears that PXR is a key
mediator of complex induction processes of xenabiptocessing enzymes, which
are triggered by RIF. RIF is also a nonspecificurel of metabolism of a number of
drugs and is reported to cause therapeutic fadfirether co-administered drugs by
modifying their pharmacokinetics. It acceleratedabelism of testosterone resulting
in 6-B-hydroxylation [157].

RIF, a macrocyclic antibiotic, is a well known irwr of CYP 3A4, which is
suggested to lead to auto-induction and consequiwl oral bioavailability [158].
P-gp is also a major determinant of RIF-inducibtpression of CYP 450 3A [159].
In TB patients showing poor bioavailability, for Rladministration of a P-gp /CYP
3A4 blocker has resulted in enhanced RIF level sstygg a pivotal role for over-
expression of P-gp/CYP 3A4 in the absorption of ,R¥aich may be responsible for
lower or variable levels of RIF [145].

P-gp and CYP 3A4 are reported to act in concertlimot oral drug
bioavailability by several mechanisms. Co-localmatof P-gp and CYP 3A4 in the
epithelium of the gastrointestinal tract is a reumgd barrier regulating oral
bioavailability. In many experimental and clinicstudies application of P-gp/CYP
3A4 dual inhibitors have been shown to be a usefthtegy to enhance drug
bioavailability. Besides, P-gp has also been hygsited to modulate intestinal drug
metabolism by increasing the exposure of drug tcadellular CYP 450 enzymes
through repeated cycles of drug absorption and»xfil49, 150, 160, 161].

Erythromycin N-demethylation and testosterong Bydroxylation aran-vitro
probes of CYP 3A4 catalytic activity. Present irigetion has shown that FG-3
inhibited these enzyme activities in liver microssn In these experiments piperine,

a known inhibitor of P-gp/CYP 3A4 has been usedtasdard reference [162]. A

163



synergistic effect of the two proteins P-gp/CYP 3Aday reduce the intestinal
absorption of dual P-gp/CYP 3A4 substrates like ,Rdiface the activity of P-gp
antiporter is co-regulated with CYP 3A4 enzyme [18@ this respect, potential
inhibitory role of cumin/caraway active moietiesuttb possibly contribute in the
reduction of the barrier functions of the intestitteus elevating the plasma conc. of
anti-TB drugsRole of metabolic enzymes and efflux transporterthe absorption of
drugs from small intestine is well documented eVd@3]. A vast literature also
shows that natural products interact with drugsafigcting the biological processes
that regulate their absorption via P-gp function ametabolism via CYP 3A4 [164-
166].

FG-3 is a flavonoid glycoside. Besides the bioactivaction CR-1(1) from
caraway also contains several such compounds. ofibéds are widely distributed
throughout plants and are known to have a wide @anfy biochemical and
pharmacological effects; for example they inhibitdative drug metabolism and P-
gp function [167]. In earlier reports many of thesenstituents especially
bioflavonoids have shown a clinically meaningfuteiractions with CYP-mediated
metabolism or P-gp-mediated efflux or both to affee pharmacokinetic behavior of
several drugs. A coordinate modulation of botts¢hgroteins by several herbs and/or
their constituents are also reported in animalstanmdan volunteers: some examples
of herbs are: Curcuma longa Citrus aurantium (Seville orange),Hydrastis
Canadensis(Golden seal),Gingo biloba Echinacea purpureaAllium sativum
(garlic), Crataegus oxycanthéhawthorn), Panax ginseng (ginseng), grapefrudeju
Camellia sinensis(green tea), Silybum marianum(milk thistle), Hypericum
perforatum (St. John’s wort),Piper nigrum and Piper longungBlack peppers),

Rosemarinus officinaliGfosemary) and others: some examples of herbadtitoents
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are: quercetin, naringenin, bergamottin, greenptagphenols, catechins, biochanin
A, morin, phloretin, silybin and silymarin, kaempdeé apigenin, hyperforin,
gingenoside, genistein, and berberin etc. [124,.18&as been documented that
flavonoid-mediated inhibition of P-gp and other AT#nding cassette (ABC)

transporters affect the bioavailability of drug§91.

CONCLUDING REMARKS

In conclusion this investigation has shown thatllie bioavailability (AB) of
RIF in presence of PZA + INH was lower by 24 %,nlthe AB of RIF when given
alone. However the AB of RIF increased by 52 % mespnce of some herbal
products and a flavonoid glycoside isolated fronmiztu The glycoside molecule
from cumin also enhanced the AB of RIF in combimatwith PZA + INH by 57 %.
On the other hand another herbal product from cayavenhanced the relative
bioavailability of all the 3 drugs (RIF, INH and RY

The active flavonoid glycoside isolated from cumiuas identified as 'H—
dihydroxyflavone-7-OB-D-galacturonide-40-3-D-glucopyranoside  (FG-3). A
potential inhibitory role of FG-3 on the two pratej P-gp/CYP 3A4, along with its
potentiation of intestinal permeability were idéetdl as possible mechanisms of
action of the molecule. On the other hand the nediact of herbal product from
caraway was its ability to modulate intestinal peatron property. Thus the overall
improvement in the bioavailability of the anti-TBuds in presence of the identified

moieties could be related to their absorption enimanprofile, while preventing their
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inactivation, during transit from intestine to thgstemic circulation through the liver.
The bioactive herbal moiety from caraway was nanfibto significantly modulate P-
gp/CYP 3A4 activity (data not included). An oyaldministered FG-3 and CR-1(1)
at their bioeffective doses or at 5 times highesedodid not show any adverse effect
in a sub-acute and a sub-chronic toxicity studwistar rats.

These findings could be of profound clinical reles@ with a possibility of their
application as an adjunct to drug therapy. The afskioavailability enhancers of
herbal origin seem to offer a significant advantage the development of
reformulated drug dosage regimen, for their imprdeavailability profile: the
bioenhancers of herbal origin offer significant adtage precluding toxicity
concerns, since such medicinal/culinary herbs-édrivioactive products have long

tradition of human use.
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CONCLUSION




7. Conclusion

A fixed dose combination (FDC) comprising of rifaicip (RIF), isoniazid
(INH) and pyrazinamide (PZA) is considered frorglitherapy for tuberculosis.
However RIF shows poor/variable oral bioavailapikspecially when administered
in combination with INH and PZA. In the presentestigation some herbal products
from cumin/caraway and a herbal phytochemical @erifrom cumin seeds are
proposed as novel drug bioavailability bioenhancers

This investigation has shown that absolute bioabdity (AB) of RIF in
presence of PZA + INH was lower by 24 %, than thg & RIF when given alone.
However the AB of RIF increased by 52 % in presasfceome herbal products and a
flavonoid glycoside isolated from cumin. The glyckes molecule from cumin also
enhanced the AB of RIF in combination with PZA +HNy 57 %. On the other hand
another herbal product from caraway enhanced thave bioavailability of all the 3
drugs (RIF, INH and PZA).

There are overwhelming evidence to suggest that €¥P3A4 and P-gp are
the major biochemical regulators of absorption diggposition of many compounds.
Both these proteins are co-localized in intestataorptive cells (enterocytes) and act
in concert to limit oral drug bioavailability. Thushibition of these proteins has
been regarded as a useful strategy to improve ailadity of drugs which are given
by oral route. RIF is a well know inducer of P-gifZ 3A4 and accelerates its own
metabolism. Besides RIF also exhibits efflux-mestlabnd saturable absorption in
the intestine.

The results of the present investigation have shthah some herbal products
from cumin enhance the rat plasma levels of co-atht@red RIF (alone or in

presence of INH + PZA). An activity guided fractadion has resulted in locating this
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activity in a  flavonoid glycoside, namely, 3’,5ihydroxyflavone-7-OB-D-
galacturonide-4’-C3-D-glucopyranoside. In this investigation carawssed was
also investigated, since it bears a phylogenetatiomship with cumin. The herbal
products from caraway enhanced the rat plasmad@felll the 3 anti-TB drugs when
given in combination. The active bioactive fractioihcaraway was standardized on
the basis of the presence of 0.35% (v/v) trifokagmpferol glycoside).

In order to arrive at these observations, the warknponents included (a)
development of S.O.P for the determination of admi-drugs (alone and in
combination) by HPLC (b) solvent extraction to mdierbal products, (c) activity
guided fractionation (d) finger print profiling ofctive herbal moieties (e)
optimization of in vitro and animal-derived protéedor investigating the passive and
active transport/ P-gp function/CYP 3A4 enzymese Thodels included in these
studies were intestinal everted gut sac, intessiajle pass in situ perfusion, and
guinea pig epithelial cells to determine transprP-gp mediated active efflux of
RIF. The probe molecules (P-gp substrates) used Ri&s Rhol23 and®H-
benzopyrene. For comparison known inhibitors likpepgne/verapamil were used.
Rat liver microsomes were used for CYP 3A4 enzyns@viies (testosterone
hydroxylase/erythromycin demethylase). Rat intestmembranes were used for P-
gp dependent ATPase activity.

The results showed that bioactive moieties moddlttese cellular events in rat
intestine/liver. A plasma conc. vs. time curvestfoe drugs alone and in presence of
isolated molecule from cumin/herbal products froanagvay showed a meaningful
pharmacokinetic interaction, resulting in the erdesmnent of bioavailability indices
(CmafAUC) of RIF when used alone or in combination wather two drugs, INH

and PZA.
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In conclusion it may be suggested that observecase in RIF bioavailability,
by the herbal products from cumin/caraway and eoftaid glycoside from cumin
could be via enhancement of its intestinal absonptprevention of rapid efflux, and
rapid degradation via CYP mediated Phase | metabolduring its transit from
intestine to the systemic circulation through tlverl The bioactive moieties have not
shown any mucosal toxicity. In acute, sub-acute suigtchronic toxicity study, no

adverse effects of FG-3 (cumin molecule) were olexer
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SPECIFIC CONTRIBUTION




Specific Contribution of the Present Work

Poor/variable bioavailability of clinicgllimportant drugs has
remained an area of major concern, which has drawormous
attention. There have been continued efforts td thre pharmaceutical
strategies in order to overcome this problem.

The present investigation presents a pheotogical approach,
whereby some herbal/natural products derived fraputed Indian
spice/medicinal herbs, namelguminum cyminungfwhite jeera), and
Carum carvi (black jeera), showed the ability to enhance the
bioavailability of rifampicin.

The identified herbal/natural products frimse herbs have shown
a significant interaction with key biochemical régors of oral
bioavailability, resulting in meaningful pharmaco&tic modulation of
the drug.

The use of herbal/natural bioenhancersahpsofound role in the
development of reformulated regimen of drugs, sashifampicin, and

others, which present poor/variable bioavailahility
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FUTURE SCOPE




Future scope of the work

The present piece of work is the part of plant bdsieenhancer screening
programme of IlIM, Jammu wherein the extracts/i@wt/sub-fractions/pure
isolates of cumin and caraway found to enhancerifaepicin bioavailability
when co-administered. The possible mode by whiokséhmaterials act as
bioenhancer for rifampicin is also established. Tne-clinical toxicity studies
showed sufficient evidences that these material:ian-toxic.

The future scope of work includes the following Weomponents

A. Rifampicin dose reduction studies and pre-clinio@l-equivalence studies
using drug and promising material of cumin and wasaso as to minimize
the toxicity events.

B. Pharmacokinetic studies of promising material ohou(FG-3).

C. Long term (chronic) toxicity studies of promisingaterials of cumin and
caraway.

D. Formulation development studies of rifampicin amdnpising materials of
cumin and caraway including stability studies.

E. In future, the effect of promising material(s) dretbioavailability of the
rifampicin can be assessed in healthy human vodusites the material(s) is

a dietary constituent and is being used as spiceesilong. The

efficacy/safety of the said material(s) can be swalished/studied in

healthy humans.
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APPENDICES




Annexure |

US Patents on the use of drug bioavailability enharers

Sr. | Year Title No. Inventors

1 2008| Anti-first- pass effect compounds 7,378,584rris

et al.

2 2007| Use of bioactive fraction from cow7,235,262| Khanuja
urine distillate (Gomutra) as a big- et al.
enhancer of anti-infective, anti-cancer
agents and nutrients

3 2007 | Antibiotic pharmaceutical compositigr2007/ Khanuja
with lysergol as bio-enhancer and 0060604 | et al.
methods of treatment

4 2007 | Anti-first pass effect compound 7,230,0Harris

et al.

5 2007 | Cytochrome P450 3A inhibitors and,169,763| Hu
enhancers et al.

6 2006| Method , composition and kits foi7, 041,640 Broder
increasing the oral bioavailability of et al.
pharmaceutical agents

7 2006| Method of improving bioavailability 7, 030,132 Schellens
of orally admin. drugs, a method of et al.
screening for enhancers of such
bioavailability and novel
pharmaceutical com-positions for oral
delivery of drugs

8 2005| Composition comprising 6,979,471 Khanuja
pharmaceutical /Nutraceutical agent et al.
and a bioenhancer obtained from
Glycyrrhiza Glabra

9 2005| Oral pharmaceutical composition§,964,946| Gutierrez
containing taxanes and methods |of -Rocca
treatment employing the same et al.

10 | 2005| Use of bioactive fraction from cow6,896,907| Khanuja
urine distillate (‘Gomutra’) as a biot et al.
enhancer of anti-infective, anticancer
agent and nutrients

11 | 2005| Pharmaceutical composition§,890,918| Burnside
including ACE/ NEP inhibitors and et al.
bioavailability enhancers

12 | 2005| Nitrile glycoside useful as a bip6,858,588 Khanuja
enhancer of drugs and nutrients, et al.
process of its isolation frorivioringa
Oleifera

13 | 2005| Method of increased bioavailability 06,849,645 Majeed
nutrients and pharmaceutical et al.
preparation with tetrahydropipering
/and its analogues and derivatives




14. | 2005| Microcapsule matrix microsph-ere$,849,271 Vaghefi
absorption-enhancing pharmaceutical et al.
compositions and methods

15. | 2004| Method, Composition and kits fp6,803,373| Schellens
increasing the oral bioavailability of et al.
pharmaceutical agents

16 | 2004| Method and compositions f06,730,698 Broder
administering taxanes orally to human et al.
patients

17. | 2003| Anti First Pass Effect compounds 6,66, Mdarris

et al.

18. | 2003| Process for preparation ovO 03/ | Khamar
pharmaceutical composition084462 et al.
containing  antiretroviral  proteasg
inhibitor with improved bioavailability

19. | 2003| Composition having improveds,579,898 Humphry
bioavailability et al.

20. | 2003| Composition and method for treatin§,576,267| Gelber
the effects of diseases and maladies et al.

21. | 2003| Method, Compositions and kits fp6,610,735| Broder
increasing the oral bioavailability of et al.
pharmaceutical agents

22 | 2002| Anti-First-Pass Effect compounds 6,476,068@urris

et al.

23 | 2002| Pharmaceutical compositio’,410,059| Khanuja
containing cow urine distillate and an et al.
antibiotic

24 | 2002| Process for extraction of piperine frar,365,601| Gaikar
piper species et al.

25 | 2000| Process for  making high purity,054,585 Majeed
piperine for nutritional use et al.

26 | 2002| Combinations for use in increasing & 413, Cylnes
potency of a substrate for multidrugd37 et al.
resistance related protein

27 | 2002| Formulations for the treatment 06,348,502 Gardiner
gastro-oesophageal reflux et al.

28 | 2001| Triglyceride free compositions ané,309,663| Patel
methods for enhanced absorption [of et al.
hydrophilic therapeutic agents

29 | 2001| Herbal composition and method |&001/ Katiyar
manufacturing such composition for0055625 | et al.
the management of gynecological
disorders

30 | 2001| Multi-component biological vehicle 2001/ | Jia

0006983 | et al.

31 | 2001| Anti-first pass effect compounds an@,255,337| Harris
citrus extract et al.

32 | 2001| Anti-first pass effect compounds 6,248, Harris

et al.




33 | 2001| Method, compositions and kits fp6,245,805 Broder
increasing the oral bioavailability of et al.
pharmaceutical agents

34 | 2001| Bio-enhancer 6,228,265lenderso

et al.

35 | 2001| Use of gallic acid esters to increa$e180,666| Wacher
bioavailability of orally administered et al.
pharmaceutical compounds

36 | 2000| Anti-first pass effect compounds 6,162,4Farris

et al.

37 | 2000| Anti-first pass effect compounds 6,124, 4Harris

et al.

38 | 2002| Chemo sensitizer WO 02 Khamar

00164 et al.

39 | 2000| Anti-first pass effect compounds 6,063,86fArris

et al.

40 | 2000| Pharmaceutical compositio®s,017,932| Singh
containing at least one NSAID having et al.
increased bioavailability

41 | 2000| Anti-first pass effect compounds 6, 054|Hdrris

et al.

42 | 2000| Process for making high purifg, 054,58% Majeed
piperine for nutritional use et al

43 | 1999| Anti-first pass effect compounds an,990,154| Harris
citrus extract et al.

44 | 1999| High temperature extraction of spiqés985,352 Todd
and herbs et al.

45 | 1999| Use of piperine as a bioavailabilit$,972,382| Majeed
enhancer et al.

46 | 1999 Citrus extract 5,962,04Harris

et al.

47 | 1999| Propyl gallate to increasé,962,522| Wacher
bioavailability of orally administered et al.
pharmaceutical compounds

48 | 1999| Use of benzongum to inhibit p5,916,566| Benet
glycoprotein-mediated resistance of et al.
pharmaceutical compounds

49 | 1998| Method for the preparation of a fir$t5,820,915| Harris
pass effective citrus derived substance et al.
and product thereof

50 | 1998| Use of piperine as a bioavailability, 744,161 Majeed
enhancer et al.

51 | 1998| Use of essential oils to increase716,928 Benet
bioavailability of oral pharmaceutical et al.
compounds

52 | 1997| Use of essential oils to increase 665,386 Benet
bioavailability of oral pharmaceutical et al.
compounds

53 | 1997| Compositions containing piperine 5,616,6Patel




et al.

54 | 1996| Screening method for th&,567,592| Benet
identification of bio-enhancers through et al.
the inhibition of P-Glycoprotein
transport in the gut of a mammal

55 | 1996| Use of piperine to increase tle 536,506 Majeed

et al.

bioavailability of nutritional
compounds




Annexure |l

Protein estimation by Lowry method

(Lowry O.H., Rosebrough N.J., Farr A.L., Randell.RRdotein measurement with

Folin phenol reagent. Journal of Biological Chenyis1951, 193: 265-275).

» ReagenA: NaoCO3; 2 g in 100 ml of 0.1 N NaOH.

» ReagenB: CuSQ 500 mg in 1 % sodium tartarate (freshly prepared).

» ReagentC: 98 ml of reagenA mixed with 2 ml of reagerB just before
use.

> Folin’s reagent: Folin ciocalteu reagent dilutedhwilistilled water (1:4
VIV)

> Protein standard: Bovine serum albumin (BSA), 5I@ghl of distilled

water.
Assay
Addition Blank Test Standard
BSA
Test sample 1.0 mi 1.0 ml 0-50 pg/mi
Reagent C 5.0 5.0 5.0
Incubated at room temp. for 10 min
Folin’s Reagent 500l 500 pl 500 pl

After 30 min, OD of the samples was recorded at ®0against blank by using
spectrophotometer.

Calibration curve of BSA

o1
0.0%
0,08
0.07 o~ ¥=0.002%+0.004
0.06 R*=02997
0.05 ”
0.04
0.03
0,02
001

-

Absmbance

ESAqgag




Annexure Il

Pi estimation by Fiske- Subbarow Method

» Potassium phosphatel mM

» SDS 5%

» Pireagent 1 % ammonium molybdate in 2.5 N$O, and 0.014%
antimony

potassium tartarate ; Ascorbic acid: 1%
Assay
Addition Blank Test Standard P
Test sample 100 pl 10-100 pl 0-10g/ml
d.w 1.0 ml 1.0 ml 100-@l
SDS 100ul 100 100
Pi reagent 400l 400 ul 400 ul
Vortex for 10 min.

OD of the samples was recorded at 660 nm againahkblby using

spectrophotometer.
Calibration curve of Pi
0.5
045
04 4
o 0.35 - v =0058x + 0,062
= 0.3 - R2=0.994
= 0.25 -
= 0.2 -
) 0.15 -
0.1 1
0.05 -
0
0 2 4 6 8
P;(ng)




AnnexaitV: PK software Data

Pharmacokinetizata from Summit 2 PK Software

enter description RIF

Description: RIF Alone

iv, oral
iv, oral
oral

iv, oral
iv, oral
iv, oral
iv, oral

oral
oral
oral
oral
oral

iv, oral
iv, oral
iv, oral
iv, oral

iv, oral
iv, oral
iv, oral
iv, oral
iv, oral

iv
iv, oral
iv, oral
iv, oral
iv, oral
iv
iv

iv, oral

iv, oral

Adjust Number of Terms to Use

General disposition parameters:

Dose Amount

Dosage

Fraction dose absorbed (F)
Intercept

Slope

Rate

Half-life

Descriptive curve parameters:
C initial (iv)

Cmax (obs)

Tmax (obs)

Cmax (calculated)

Tmax (calculated)
Lag time

Curve area calculations:
AUC(0-t) (obs area)
AUCw (area)

AUC (expo)

% of AUCeo (expo)

Statistical moment calculations:
AUMCw (area)

AUMCe (expo)

% of AUMC (expo)

MRT (area)

MRT (expo)

Volume of distribution calculations:

Vc (initial central comp)
Vd (obs area)

Vd (area)

Vd (area) / kg

Vd (expo)

Vss (area)

V/ss (expo)

Clearance calculations:
CL (obs area)
CL (area)

Hg
Ha/kg

pug/mi
1/hr

1/hr
hr

pug/mi
pg/mi
hr
pg/mi
hr
hr

ug-hr/ml
ug-hr/ml
ug-hr/ml
%

pg-hrhr/ml
pg-hrchr/mi
%
hr
hr

ml
ml
ml
mi/kg
ml
ml
ml

ml/hr
mi/hr

3 kerms | :

40000.0
40000.0
1.00

9.1
3.0
n/a
n/a
n/a

70.3
73.8
49.6
100.0

577.6
442.0
100.0
7.8
19.8

5446.5
5192.0
5192.0
7721.8
4245.5
7186.4

568.804
542.225

4.412 6.575 -5.133
-0.045 -0.085 -0.085
0.104 0.196 0.195
6.636 3.544 3.548
42.2 33.6 -26.3
85.2 67.8 -53.0
404.5 172.0 -134.5
91.5 38.9 -30.4
9.6 5.1 Bl
9066.3 4005.6 7186.4




iv, oral CL (area) / kg ml/hr/kg 542.225
iv, oral | CL (expo) mi/hr 806.422 946.832 527.171 | 806.422
Additional calculations:
iv Half-life from Vd and CL hr
2-Compartment Open Model:
k12
[ k12 = 1/h
v O ® f
iv k21 k10 i 1/hr
iv k10 1/hr
enter description
Description: RIF + FG-3
. _— 3t |:
Adjust Number of Terms to Use il 1 2 3
General disposition parameters:
iv, oral Dose Amount Mg 40000.0
ivoral | Dosage ng/kg 40000.0
oral Fraction dose absorbed (F) 1.00
iv, oral Intercept pg/mi 3.863 24.201 -29.796
iv, oral Slope 1/hr -0.027 -0.104 -0.306
iv, oral Rate 1/hr 0.062 0.239 0.706
iv, oral Half-life hr 11.154 2.900 0.982
Descriptive curve parameters:
iv C initial (iv) pa/ml
oral Cmax (obs) pg/mi 12.3
oral Tmax (obs) hr 3.0
oral Cmax (calculated) pg/mi n/a
oral Tmax (calculated) hr n/a
oral Lag time hr n/a
Curve area calculations:
iv, oral AUC(0-t) (obs area) pg-hr/mi 106.9
iv, oral AUCw (area) pg-hr/ml 120.9
iv, oral AUCo (expo) pg-hr/ml 121.2 62.2 101.3 -42.2
iv, oral % of AUC (expo) % 100.0 51.3 83.5 -34.8
Statistical moment calculations:
iv, oral AUMCow (area) ug-hr*hr/ml | 1325.7
iv, oral AUMC (expo) pg-hr*hr/ml | 1365.0 1000.9 423.9 -59.8
iv, oral % of AUMCe (expo) % 100.0 73.3 31.1 -4.4
iv, oral MRT (area) hr 11.0
iv, oral MRT (expo) hr 21.7 16.1 4.2 1.4
Volume of distribution calculations:
iv Vc (initial central comp) mi




iv, oral Vd (obs area) ml 6023.9
iv, oral Vd (area) ml 5326.1
iv, oral Vd (area) / kg mi/kg 5326.1
iv, oral Vd (expo) ml 5310.1
iv Vss (area) ml 3629.0
iv Vss (expo) mi 3714.0 10353.6 | 2132.7 3714.0
Clearance calculations:
iv, oral CL (obs area) mi/hr 374.257
iv, oral CL (area) mi/hr 330.902
iv, oral CL (area) / kg ml/hr/kg 330.902
iv, oral CL (expo) mi/hr 329.908 643.250 | 244.693 | 329.908
Additional calculations:
iv Half-life from Vd and CL hr
2-Compartment Open Model:
k12
iv k12 OF=d10 1/hr
iv k21 k10 i 1/hr
iv k10 1/hr
enter description
RIF in presence of
Description: INH +PZA
Adjust Number of Terms to Use 3 terms E] 1 2 3
General disposition parameters:
iv, oral Dose Amount Hg 40000.0
iv, oral Dosage ug/kg | 40000.0
oral Fraction dose absorbed (F) 1.00
iv, oral Intercept pa/mi 6.552 0.006 -2.346
iv, oral Slope 1/hr -0.046 0.147 -0.206
iv, oral Rate 1/hr 0.106 -0.338 0.475
iv, oral Half-life hr 6.563 -2.052 1.460
Descriptive curve parameters:
iv C initial (iv) pg/mi
oral Cmax (obs) pg/mi 6.9
oral Tmax (obs) hr 3.0
oral Cmax (calculated) pa/mi n/a
oral Tmax (calculated) hr n/a
oral Lag time hr n/a
Curve area calculations:
Hg-
iv, oral AUC(0-t) (obs area) hr/ml 53.1




Hg-

iv, oral AUCw (area) hr/ml 58.0

Mg-
iv, oral AUCo (expo) hr/ml 57.1 62.0 0.0 -4.9
iv, oral % of AUCco (expo) % 100.0 108.7 0.0 -8.7

Statistical moment calculations:

Mg-
iv, oral AUMCo (area) hr*hr/ml | 579.8

Hg-
iv, oral AUMCoo (expo) hr*hr/ml | 577.3 587.7 0.0 -10.4
iv, oral % of AUMCco (expo) % 100.0 101.8 0.0 -1.8
iv, oral MRT (area) hr 10.0
iv, oral MRT (expo) hr 8.6 9.5 -3.0 2.1

Volume of distribution calculations:

iv Vc (initial central comp) ml

iv, oral Vd (obs area) ml 7131.8

iv, oral Vd (area) ml 6526.7

iv, oral Vd (area) / kg mi/kg 6526.7

iv, oral Vd (expo) mi 6635.7

iv Vss (area) ml 6884.2

iv Vss (expo) ml 7085.0 6105.4 | 6109.2 | 7085.0

Clearance calculations:

iv, oral CL (obs area) mi/hr 753.033
iv, oral CL (area) mi/hr 689.140
iv, oral CL (area) / kg mi/hr/kg | 689.140
iv, oral CL (expo) mi/hr 700.651 644.648 | 644.822 | 700.651

Additional calculations:
iv Half-life from Vd and CL hr

2-Compartment Open Model:

k12
iv k12 ©) %@ 1/hr
iv k21 k10 l 1/hr
iv k10 1/hr
Description:
RIFin
presence of
INH + PZA +
Fg-3 enter description

— Jterms : 1 > 3

Adjust Number of Terms to Use

General disposition parameters:

iv, oral Dose Amount Hg 40000.0
iv,oral | Dosage ug/kg | 40000.0
oral Fraction dose absorbed (F) 1.00

iv, oral Intercept pa/ml 5.759 418.029 -442.712



iv, oral
iv, oral
iv, oral

oral
oral
oral
oral
oral

iv, oral

iv, oral

iv, oral
iv, oral

iv, oral

iv, oral
iv, oral
iv, oral
iv, oral

iv, oral
iv, oral
iv, oral
iv, oral

iv, oral
iv, oral
iv, oral
iv, oral

Slope
Rate
Half-life

Descriptive curve parameters:
C initial (iv)

Cmax (obs)

Tmax (obs)

Cmax (calculated)

Tmax (calculated)

Lag time

Curve area calculations:

AUC(0-t) (obs area)
AUCw (area)

AUC (expo)
% of AUC (expo)

Statistical moment calculations:

AUMCo (area)

AUMCo (expo)

% of AUMCe (expo)
MRT (area)

MRT (expo)

Volume of distribution calculations:

Vc (initial central comp)
Vd (obs area)

Vd (area)

Vd (area) / kg

Vd (expo)

Vss (area)

Vss (expo)

Clearance calculations:
CL (obs area)

CL (area)

CL (area) / kg

CL (expo)

Additional calculations:
Half-life from Vd and CL

2-Compartment Open Model:

k12
k12 ©) < (2
k21 k10 i

k10

1/hr
1/hr
hr

pg/mi
pg/ml
hr
pg/ml
hr
hr

Hg-
hr/ml
Hg-
hr/ml
Hg-
hr/ml
%

Hg-
hr*hr/ml
Hg-
hr*hr/ml
%

hr

hr

ml
ml
ml
ml/kg
ml
ml
ml

ml/hr
ml/hr
ml/hr/kg
ml/hr

hr

1/hr
1/hr
1/hr

9.4
3.0
n/a
n/a
n/a

83.4

103.0

94.4
100.0

1495.0

1481.4
100.0
14.5
18.5

7536.6
6099.9
6099.9
6657.4
5636.8
6653.0

479.812
388.349
388.349
423.840

-0.028 -0.297 -0.317
0.064 0.685 0.730
10.885 1.012 0.950
90.5 610.5 -606.6
95.9 646.9 -642.8
1420.9 | 891.7 -831.2
95.9 60.2 -56.1
15.7 15 1.4
6945.3 188.2 6653.0
442.168 | 57.062 | 423.840




Description:
RIf In
presence

of

INH+PZA

+ CR-

1(1)

enter description

Adjust Number of Terms to Use

General disposition parameters:

iv, oral Dose Amount

iv, oral Dosage

oral Fraction dose absorbed (F)
iv, oral Intercept

iv, oral Slope

iv, oral Rate

iv, oral Half-life

Descriptive curve parameters:

iv C initial (iv)

oral Cmax (obs)

oral Tmax (obs)

oral Cmax (calculated)
oral Tmax (calculated)
oral Lag time

Curve area calculations:
iv, oral AUC(0-t) (obs area)

iv, oral
iv, oral
iv, oral

iv, oral
iv, oral
iv, oral
iv, oral
iv, oral

iv
iv, oral
iv, oral
iv, oral
iv, oral
iv
iv

iv, oral

iv, oral

AUCw (area)
AUC» (expo)

% of AUC (expo)

Statistical moment calculations:

AUMCow (area)
AUMCe (expo)

% of AUMCe (expo)

MRT (area)
MRT (expo)

HY
na/kg

pug/mi
1/hr

1/hr
hr

pg/ml
pg/ml
hr

pg/ml

hr

pg-hr/ml
pg-hr/ml
pg-hr/ml
%

pg-hr*hr/mi
pg-hr*hr/mi
%
hr
hr

Volume of distribution calculations:

Vc (initial central comp)

Vd (obs area)
Vd (area)

Vd (area) / kg
Vd (expo)
Vss (area)
Vss (expo)

Clearance calculations:

CL (obs area)
CL (area)

ml
ml
ml
ml/kg
ml
ml
ml

ml/hr
ml/hr

3 kerms : |

40000.0
40000.0
1.00

11.3
3.0
n/a
n/a
n/a

70.5
76.8
81.6
100.0

721.9
724.0
100.0
9.4
13.6

5877.8
5394.3
5394.3
5076.9
4891.3
4345.2

567.255
520.591

1 2 3
6.181 59.351 -60.612
-0.042 -0.243 -0.298
0.097 0.560 0.686
7.181 1.238 1.011
64.0 106.0 -88.4
78.5 129.8 -108.3
663.6 189.3 -128.9
91.7 26.1 -17.8
10.4 1.8 15
6471.4 1179.9 4345.2




iv, oral CL (area) / kg mi/hr/kg 520.591
iv, oral CL (expo) mi/hr 489.965 624.544 235.231 489.965
Additional calculations:
iv Half-life from Vd and CL hr
2-Compartment Open Model:
k12

iv k12 OF==d0) 1/hr

iv k21 k10 i 1/hr

iv k10 1/hr
Description:
INH in
presence
of RIF +
PZA

Adjust Number of Terms to Use 3 terms E] 1 2 3
General disposition parameters:
iv, oral Dose Amount Hg 30000.0
iv, oral Dosage ng/kg 30000.0
oral Fraction dose absorbed (F) 1.00
iv, oral Intercept pg/ml 11.620 126.806 -128.841
iv, oral Slope 1/hr -0.084 -0.271 -0.244
iv, oral Rate 1/hr 0.194 0.625 0.562
iv, oral Half-life hr 3.568 1.110 1.233
Descriptive curve parameters:

iv C initial (iv) pg/ml
oral Cmax (obs) pg/ml 4.7
oral Tmax (obs) hr 2.0
oral Cmax (calculated) pg/ml n/a
oral Tmax (calculated) hr n/a
oral Lag time hr n/a




Curve area calculations:
iv, oral AUC(0-t) (obs area) pg-hr/ml | 30.9
iv, oral AUCw (area) pg-hr/ml | 31.5
iv, oral AUCw (expo) pg-hr/ml | 33.7 59.8 203.0 -229.2
iv, oral % of AUCoo (expo) % 100.0 177.7 603.1 -680.8
Statistical moment calculations:
Hg-
iv, oral AUMCoo (area) hr*hr/ml 225.3
Hg-
iv, oral AUMCoo (expo) hr*hr/ml 225.5 308.1 325.1 -407.7
iv, oral % of AUMCeo (expo) % 100.0 136.7 144.2 -180.9
iv, oral MRT (area) hr 7.2
iv, oral MRT (expo) hr 8.5 5.1 1.6 1.8
Volume of distribution calculations:
iv Vc (initial central comp) ml
iv, oral Vd (obs area) ml 4998.5
iv, oral Vd (area) ml 4908.5
iv, oral Vd (area) / kg mi/kg 4908.5
iv, oral Vd (expo) ml 4588.5
iv Vss (area) ml 6824.7
iv Vss (expo) ml 5967.6 2581.6 274.9 5967.6
Clearance calculations:
iv, oral CL (obs area) mi/hr 970.717
iv, oral CL (area) mi/hr 953.246
iv, oral CL (area) / kg ml/hr/kg 953.246
iv, oral CL (expo) mi/hr 891.111 501.365 114.126 891.111
Additional calculations:
iv Half-life from Vd and CL hr
2-Compartment Open Model:
k12
iv k12 ® < ©) 1/hr
iv k21 k10 i 1/hr
iv k10 1/hr
Description: enter description
PZA in
presence
of RIF +
INH

—_— 3t :
Erms 1 5 3

Adjust Number of Terms to Use

General disposition parameters:




iv, oral
iv, oral
oral

iv, oral
iv, oral
iv, oral
iv, oral

oral
oral
oral
oral
oral

iv, oral
iv, oral
iv, oral
iv, oral

iv, oral

iv, oral
iv, oral
iv, oral
iv, oral

iv, oral
iv, oral
iv, oral
iv, oral

iv, oral
iv, oral
iv, oral
iv, oral

Dose Amount Hg
Dosage pna/kg
Fraction dose absorbed (F)

Intercept pg/ml
Slope 1/hr
Rate 1/hr
Half-life hr

Descriptive curve parameters:

C initial (iv) pg/ml
Cmax (obs) pg/ml
Tmax (obs) hr
Cmax (calculated) pa/ml
Tmax (calculated) hr
Lag time hr

Curve area calculations:

AUC(0-t) (obs area) pg-hr/ml
AUCw (area) pg-hr/ml
AUC» (expo) pg-hr/ml
% of AUCw (expo) %

Statistical moment calculations:

Hg-
AUMCoo (area) hr*hr/ml
AUMCoo (expo) Erg*hr/ml
% of AUMCe (expo) %
MRT (area) hr
MRT (expo) hr

Volume of distribution calculations:

Vc (initial central comp) ml
Vd (obs area) ml
Vd (area) ml
Vd (area) / kg ml/kg
Vd (expo) ml
Vss (area) ml
Vss (expo) ml

Clearance calculations:

CL (obs area) ml/hr
CL (area) ml/hr
CL (area) / kg ml/hr/kg
CL (expo) ml/hr

Additional calculations:
Half-life from Vd and CL hr

2-Compartment Open Model:

k12
k12 ©) ol ) 1/hr
k21 k10 i 1/hr
k10 1/hr

90000.0
90000.0
1.00

26.3
2.0
n/a
n/a
n/a

157.2
159.9
132.5
100.0

922.7

932.4
100.0
5.8
10.4

4100.4
4032.4
4032.4
4866.2
3248.1
4780.1

572.348
562.860
562.860
679.246

10.540 162.028 -250.016
-0.061 -0.207 -0.385
0.140 0.478 0.886
4.965 1.451 0.782
75.5 339.2 -282.2
57.0 256.0 -213.0
541.0 710.0 -318.5
58.0 76.1 -34.2
7.2 21 1.1
8539.1 654.7 4780.1
1191.917 | 217.038 679.246




Description:

enter description
INH in presence of
RIF +PZA + CR-1(1)

iv, oral
iv, oral
oral

iv, oral
iv, oral
iv, oral
iv, oral

oral
oral
oral
oral
oral

iv, oral
iv, oral
iv, oral
iv, oral

iv, oral

iv, oral
iv, oral
iv, oral
iv, oral

iv, oral

iv, oral

Adjust Number of Terms to Use

General disposition parameters:

Dose Amount

Dosage

Fraction dose absorbed (F)
Intercept

Slope

Rate

Half-life

Descriptive curve parameters:

C initial (iv)

Cmax (obs)
Tmax (obs)

Cmax (calculated)
Tmax (calculated)
Lag time

Curve area calculations:
AUC(0-t) (obs area)
AUCw (area)

AUC» (expo)

% of AUC (expo)

Statistical moment calculations:

Hg
na/kg

pg/ml
1/hr

1/hr
hr

pg/ml

pg/ml
hr

pg/ml

hr

pg-hr/ml
pg-hr/ml
pg-hr/ml

AUMCw (area)

AUMCo (expo)

% of AUMCe (expo)
MRT (area)

MRT (expo)

Hg-
hr*hr/ml
Hg-
hr*hr/ml
%

hr

hr

Volume of distribution calculations:

Vc (initial central comp)
Vd (obs area)
Vd (area)

ml
ml
ml

3 kerms :

30000.0
30000.0
1.00

6.7
2.0
n/a
n/a
n/a

39.2
39.9
42.8
100.0

268.1

278.6
100.0
6.7
155

4171.9
4103.4

9.764 0.994 -5.161
-0.080 -0.064 -0.131
0.183 0.148 0.301
3.780 4.669 2.304
53.3 6.7 -17.2

124.4 15.6 -40.1

290.5 45.1 -57.0

104.3 16.2 -20.5

5.5 6.7 3.3




iv, oral Vd (area) / kg ml/kg 4103.4
iv, oral Vd (expo) ml 3823.0
iv Vss (area) ml 5056.5
iv Vss (expo) mi 4562.0 3072.4 2800.8 4562.0
Clearance calculations:
iv, oral CL (obs area) mi/hr 764.818
iv, oral CL (area) ml/hr 752.265
iv, oral CL (area) / kg mi/hr/kg 752.265
iv, oral CL (expo) mi/hr 700.848 563.243 500.317 700.848
Additional calculations:
iv Half-life from Vd and CL hr
2-Compartment Open Model:
k12
iv k12 OF==10) 1/hr
iv k21 k10 i 1/hr
iv k10 1/hr
enter description
PZA in presence of
Description: RIF + INH + CR-1(1)
Adjust Number of Terms to Use 3 terms E] 1 2 3
General disposition parameters:
iv, oral Dose Amount ug 90000.0
iv, oral Dosage ug/kg 90000.0
oral Fraction dose absorbed (F) 1.00
iv, oral Intercept pa/ml 7.534 839.316 -1328.535
iv, oral Slope 1/hr -0.045 -0.281 -0.434
iv, oral Rate 1/hr 0.105 0.647 1.000
iv, oral Half-life hr 6.615 1.071 0.693
Descriptive curve parameters:
iv C initial (iv) pg/ml
oral Cmax (obs) pug/mi 41.3
oral Tmax (obs) hr 2.0
oral Cmax (calculated) pg/ml n/a
oral Tmax (calculated) hr n/a
oral Lag time hr n/a
Curve area calculations:
iv, oral AUC(0-t) (obs area) pg-hr/iml | 224.8
iv, oral AUCw (area) pg-hr/ml | 230.6
iv, oral AUC» (expo) pg-hr/ml | 39.9 71.9 1296.9 -1328.9
iv, oral % of AUC (expo) % 100.0 180.2 3249.0 -3329.2




Statistical moment calculations:
Hg-
iv, oral AUMCw (area) hr*hr/ml 1298.3
Hg-

iv, oral AUMCo (expo) hr*hr/mi 1361.2 686.5 2004.0 -1329.3
iv, oral % of AUMCw (expo) % 100.0 50.4 147.2 -97.7
iv, oral MRT (area) hr 5.6
iv, oral MRT (expo) hr 12.1 9.5 1.5 1.0

Volume of distribution calculations:
iv Vc (initial central comp) ml
iv, oral Vd (obs area) ml 3822.2
iv, oral Vd (area) ml 3725.7
iv, oral Vd (area) / kg ml/kg 3725.7
iv, oral Vd (expo) ml 21523.3
iv Vss (area) ml 2197.3
iv Vss (expo) ml 76886.7 11946.6 129.2 76886.7

Clearance calculations:
iv, oral CL (obs area) ml/hr 400.396
iv, oral CL (area) ml/hr 390.285
iv, oral CL (area) / kg mi/hr/kg 390.285
iv, oral CL (expo) ml/hr 2254.665 1251.463 65.750 2254.665

Additional calculations:
iv Half-life from Vd and CL hr

2-Compartment Open Model:

k12
iv k12 ) < 2 1/hr
iv k21 k10 i 1/hr
iv k10 1/hr
enter description
Description: RIF L.V.
— 3 kerms :

iv, oral
iv, oral
oral

iv, oral
iv, oral
iv, oral
iv, oral

Adjust Number of Terms to Use

General disposition parameters

Dose Amount

Dosage

Fraction dose absorbed (F)
Intercept

Slope

Rate

Half-life

Descriptive curve parameters:

Hg
na/kg

pg/ml
1/hr

1/hr
hr

7500.0
7500.0

0.526
-0.004
0.009
73.921

13.311
-0.276
0.636
1.089

12.397
-0.358
0.826
0.839




oral
oral
oral
oral
oral

iv, oral
iv, oral
iv, oral
iv, oral

iv, oral

iv, oral
iv, oral
iv, oral
iv, oral

iv, oral
iv, oral
iv, oral
iv, oral

iv, oral
iv, oral
iv, oral
iv, oral

C initial (iv) pg/ml

Cmax (obs) pg/ml
Tmax (obs) hr
Cmax (calculated) pg/ml
Tmax (calculated) hr
Lag time hr

Curve area calculations:

AUC(0-t) (obs area) pg-hr/ml
AUCw (area) pg-hr/ml
AUC» (expo) pg-hr/ml
% of AUC (expo) %

Statistical moment calculations:

Mg-
AUMCoo (area) hr*hr/ml
HO-
AUMCo (expo) hr*hr/ml
% of AUMC (expo) %
MRT (area) hr
MRT (expo) hr

Volume of distribution calculations:

Vc (initial central comp) ml
Vd (obs area) ml
Vd (area) ml
Vd (area) / kg mi/kg
Vd (expo) ml
Vss (area) ml
Vss (expo) ml

Clearance calculations:

CL (obs area) ml/hr
CL (area) ml/hr
CL (area) / kg ml/hr/kg
CL (expo) ml/hr

Additional calculations:
Half-life from Vd and CL hr

2-Compartment Open Model:

k12 O+—® 1/hr
k21 k10 i 1/hr
k10 1/hr

26.2

20.6
65.4
92.0
100.0

5999.1

6035.4
100.0
91.7
109.5

285.9
38846.5
12233.6
12233.6
8692.2
10521.1
5343.6

364.180
114.688
114.688
81.488

73.9

n/a
n/a
n/a

0.5

56.1
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106.7

14259.8
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133.684

13.3

20.9
22.7

32.9
0.5
1.6

542.0

7607.0

97.373

0.433
0.033
0.180

12.4

15.0
16.3

18.2
0.3

1.2

285.9

5343.6

81.488
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