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INTRODUCTION

The isstie of interchangeability/switchability relating to pharmaceutical
alternatives is a controversial one and poses a challenge to regulatory
authorities in particular where the consideration of generic substitution is
important (1). The term pharmaceutical alternative as.defined in the EU
guidetine (2) is used to define pharmaceutical products that have the same
active moicty bul that may differ in chemical form (i.e., salt, ester etc.) of
that active compound or in dosage form or strength, A similar definition
“exists in the téxt “Approved Drug Products with Therapeutic Equivalence
Evaluations” (Orange Book) published by the Food and Drug Adminis-
tration (FDA) (3). While both the European Agency for the Evaluation of
Medicinal ‘Products (EMEA) and the FDA récognize the concept that
pharmaceitical alternatives may be shown to be biocquivalent, the Orange
Book (3) clearly stales that only therapeutic equivalents thal are pharma-
ceutical ‘Fquivalents ce:'n_'__h':c' considered _s:_z_lb_'s_iit'til_able, whereas the EMEA
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Different salt forms of a particular APl may differ substantially in
their physicochemical propertics, in particular solubility, hygroscopicity,
stability, flowability, ete. In addition, the presence of impuritics associated
either with the route of synthesis of that particular sall or resulting as
consequence of instability and the formation of degradation products, can
impart toxicity and/or undesirable biological activity quite different from
the intended clinical use of the drug (11,12), Consequently, the use of one
salt-form of an API as opposed to another may result in a substantial
difference in therapeutic cfficacy with a resultant negative impact on the
safety andfor quality of that specific molecule. There is no reliable way of
predicting the influnce of a particular salt species on the behavior of a
parent compound in different dosage forms, e

The selection of .an appropriate form of-an API is net only an
important factor in the early stages ol new drug product development {13)
but is also a critical factor in the development of peneric drug products. An
interesting case is illustrated by the example of amlodipine. Amlodipine, a
calcium channel blocker is marketed by Pfizer as a besylate salt and is
commercially available as {Norvasc™). The original patent held by Pfizer on
amlodipine besylate expired in 2003 but was extended until 2007 to com-
pensaté for a lengthy review process by the FDA {14). The-original patent
aranted 1o the manufacturer protected both the chemical structure of
amlodipine besylate and a series of other salts of amlodipine. A maleate sult
product -of amlodipine that was developed by Dr. Reddy’s Laboratories
Limited {AmVaz™, Reddy Pharmaceuticals Inc.) was subsequently proved
to be bioequivalent to Norvase (15). Pr. Reddy's Laboratories ¢laimed that
Plizer’s pitent extension did not apply to their version of the drug, i.e.,
amlodipine: maleate. However, on February 27, 2004, The LInited States
Courl of Appeals for the Federal Circuit reversed an earlier New Jersey
District Court’s dismissal of Pfizer’s patent infringement action against Dr,
‘Reddy’s Laboratories’ generic version of Noryasc effectively preventing a
- gieneric version of amlodipine from entering the market (16).

Apart from the legal issues, an important question to be answered is:
what experiments and tests are required 1o ensure that a drug product
containing # specific salt form of an API has comparable pharmacokinetic,
pharmuacologic, toxicologic and safety profiles as the registered product
containing an alternative salt form of the sume. ‘active . substance?
Furthermore, what is the likelihood that pharmaceutical alternatives, which
have been shown to be bicequivalent, will have dilferent clinical safety and
efficacy profiles? S S

- As mentioned previously, dilferent salt forms of an API may vary in
their physicochemical characteristics including but not limited to solubility
and hygroscopicity. Incr -ased hygroscopicity niay reduce the stability of an
API even in a pharmaceutical dosage form such s tablets, in particular if
the APl is susceptible to hydrolytic degradation. Furthermore, thermal
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The scientific literature is replete with reports showing that the aqu-
cous solubility of an API can be significantly modified by use of alternate
salt forms of the same aclive moiety and that the solubilities of the different
salt forms can be vastly different. The antidepressant, trazadone, for
' cxamplc is currently marketed as the hydrochloride salt. In order to pre-
“pare-a form of trazadone with lower aquedus solubility than the hydro-
chloride salt; a number of alternative salts have been prqﬂrcd (18). Of the
salts selected for evaluation, the tosylate and pamoate salis were found to
be less wqter-qo}uble than the suifate and hy(lrochlm ide salts and the most
interesting solub;hly profile with values ranging from 3 mg/mL.at pH 1.0 to
0.2mg/mL at pH 12.0 was exhibited by the tosylate salt. The low aqueous
solubility makes the tosylate salt the candidate of choice for the develop-
ment of a prolonged release oral product for the eEdexly dueto the potential
for unpeoved compliance in these patients. The significantly lower (8-10
fold in the pH range {-5) so!ubxht} of the tosylate salt compared to the
hydlochlonde salt, may result in dissolution rate-limited absorption of
trazodone following oral administration of the tosylate salt in vivo. The
vast difference in solubility makes it highly unlikely that the two salts can be
bicequivalent.

The impact of a difference in aqueous solubility of i speuﬁc sul on the
therapeutic activity and duration of action of an APl is lurther clucidated by
evaluation of the solubility of thé hydrochloride and ndpsylatc salts -of
dextropropoxyphene. Dexuopkopoxyphene hydmchlondc i - highly solu-
~ble (1 in 0.3 parts water) whereas the. napsylate salt is practically insoluble
(1 in > 10,000 parts of water) (19). The. more extensive analgesic activity and

“‘jonger duration of action of the hydrochlortde salt of dextropropoxyphene
“compared to the ndpsyiate salt may in parl be explained by the differences in
solubility of the fwo salts (20). Furthermore the higher acute toxicity:of
dextropropaxyphene following administration ‘of the hydrochloride salt
compared -to the napsylale salt following oral. d_;_i__mmlstlatlon to mice is
probably due to the faster absorption rate of the hydmchlonde sall from the
gastrointestinal tract (21). - :
B;(}Lquwa}encc studies in hmmns in whiLh dlffLrCEﬂ salt forms of
bd‘;i(. drugs have.been reported are rather limited and interestingly, none
ol theni have reported sighificant dlﬁ‘cl ences in blmvmiabshty batween the
~Cdifferent salt forms as 4 consgquence of differences -in their aqueous
solubilities {27) _For example; .no cnhancement in blOd\'d!Idbl]iEy was
reported when 'salts of a basic dmthyperienqwe agent. with significantly
different intrinsic dissolution rates were compared (23). Walmsley et al.
reported no ‘differences in the-exient of bioavailability between the oxalate
and citrate salts of ndfudrofury (24) and Jamuludin et al. reported no
51gn|ﬁtaut dilferences in Cingxs Tmaxs 01 AUC. of quinine following oral
administration of the hydrochlonde su!fate and.ethyl carbonate salts to
healthy volunteers (25). . S -
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fnmmhon of these impurities resulting - in- the:production of poteut:dkly
unsafe dosqge forms. Mesylale esters are known:to.
carcinogenic and teratogenic ‘compounds (32,33). Therefore 1t can be ¢ con-
cluded that when routes of: synthesis to manufacture and prepare dlffelent
salt. Fo: ms of the same AP result in different chemlc;d by-products, the toxic
potential:of these impurities. should be evaluated by, prcchmcat testmg, for
“each salt form synlhngd/pl epared. . ;
' in additio issues of safety and t{muty, the iolerab:luy of an APl
may also be affected by the specific salt’ form of an active. substance admi-
istered ‘by spec;t'c routes of administration, The potential .of-an APl to
ause gdstralmuunal nrmt;on and/or ulceration, for emmp!e, may in part

"bc'dcpcndmi on the aqueous solubility and dlssolution rdtz, of d]f ferent salt .
forms of:that APl administered via the oral route, = w0
For.example the ulcerogenic. effects of five d;ff‘enem sdits of alprenolol
were compared to a placebo in:a porcine esophageal test. model (34). The
highly water s i_ublc hydrochloride and fumarate salts Qf alprenolol gave rise
10 the highest plasma concentratiof of APl yet evoked s 'b_us oesophageal
lesions, - while ‘1the salts with los ubility, the benzoate, maleate and
. sebacale salts 'p__oduced no irritant‘effects on the esophagu_b_ Furthermore
.. the plasma levels:of -alprenolo! were wuch higher after. nistration of
- alprenolol hydlochloude in the esoph'\gus than -afier an qdentical intra-
:_z_iuodena! dose.of the same salt possibly due the avoidance of, ‘hepatic first-
“pass met'ibOllSl'l‘Idei.,!‘dddltOI‘l following oesophflgeai absorptlon
i The solid-state properties of a molecule, as well -as ifs propertacq in
solution, can be mmhF ed by use of salt.Tormation. The selection of a salt
~suitable for a specific route of administra ton or a p‘ntlcular dosage: form of
‘a drug substance: rccguares that all relevant solid-state propeitiesiof a salt
candidate be thoroughly iy "estlg" ed prior-to th
development. :

Polymorphism is ﬁf.qucnll} a critical pomt in-dclcrmmmg the pre-

inuation of produg:__t '._:_3j .

ference for.one salt or another (9,13). Polymorphism is tefined as the ability - |

ool a drug qubstdme to exist as two or more crystalline phases that have
‘distinet molecular:structures andjor conformations of the molecules in the

“erystal lattice, Po}y norphism is a widespread phmomenou observed in over

:3"60% ol all API's and the most critic

' dissolution rate and which in turn may

ue related to po rphnm of an
Jis an amporlani determinant of
_ affect the bmava:iabxhty of the active
- substance pqaucuh:iy following oral administration (35).5:7

There -#re. numerous cxamplcs where ‘polymorphisin has been asso-
ciated with differences in the oral: ‘bioavailability.of an. ¢ substance from
solid dosage:forms, including. chloramphenicol pdlmmte and -carbamaze-
pine base (‘46 n. Conscquumiy_ it is essential that: ‘the -production ol dif-
ferent. salts in order to overcome solubility an :
necessquly involve an mvestagatton into lhc lormation of polymorphnc.‘

CAPL s the ¢g brium . solubjlity w

ther challenges must -
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Naqogaﬂmc tubes for the dchvery of crushed tablets usually intended
for oral administration are ‘often used in hospllais and home care environ-
ments. In order to determine whether this alternaté route of administration
and c‘;scnlldliy administration of a ph*um‘u.eutxcal alternate dosage form
would - produce equivalent. ‘responses, the antibiotic, trovalloxacin,- was
administered to 24 healthy volunteers in a four-period, four-treatment

n '.__:LYOQQO\’EI study (40).. The- primary - purpose -of the study. was 10 assess

whether the use -of an enteral feeding solution and location ‘of the naso-

pastric tubes affected: bioavailability ‘of ithe antibiotic. The subjects were
administered eithe o 100mg tablets. om!iy two crushed ‘tablets (phar-
maceutical alter ndtwe) suspended in sater via a nasogasiric tube into the
stomach, two crushed tablets suspended in water into the duodenum or two
crushed tablets suspended in water and administered %amu!ldneousiy with an
enteral feeding solution into the stomach. The study in fact deals with two
issues that are related 10 differences in route of ddmimstmnon and the
administration: 0!' a pharmaceutical ‘alternative dosage. form in the.form of

- crushed tablets. The results indicated that the treatment in which crushed
i “trovafloxacin tablets were administered into the duodeninm revealed bioi-

- :nequivalence whereas delivery of the same phannaceutwal alternative via
nasogastric tubg:into the stomach _pr ved 1o be bloeqmva m to the orally
“adminisiered tablets (40). :
S A Turther -illustration. of blonqmmlence bet\vecn two different
~ dosage forms has: been recorded following the administration of 60mg of
*citalopram to 24 subjects of ‘mixed sex; the 90% CI for AUCj and Cinax
“were found - to Tall;within the - conventional limits for :biogguivalence
“indicating that the two formulations can, be considered b]oeqmvuiuu {41}.
- Plasma levels of nizatidine administered to 24 healthy adult subjects and
delivered from a commyercial oral syrup formulation; and two extemporaneously
prepared liquid formulations in apple juice and infant formula were compared
to those abtained following administration of a niz tidine capsule (42).:The
resulls mdlcaied that the commercial oral syrup and extemporaneous m&mt
formula liguid dosage form (plmrmacmhcal alternatives) were baoequwaiem lo
-;ihe reference capsule using a conventional 90% CI for AUCLN and Ciaax
- whereas a possible food effect was obseryed for the extemporaneous apple juice
“formulation resulting in bioinequivalence in that comparison.::..
- Plasma Jevels. of levetiracetam avere compared fulinwmg administra-
uon of #:10% icvctmcemm (750 mg) oral solution and 750 mg tablets in a

. grossover smdy in 24 healthy Sl]bjLLtS and these two ph'il'm'iceuthdl alter-

~ pative pmducis were found to be bioequivalent (43). - _
A new rapidly dismtegrdt;ng cisapride (I’ropuisxd leksoiv) fm—: '
mulation was’ commled to conventional cisapride (Prop%u!s:d) tablets in 36
elderly volunteers ina crossover. study and found 'to be bioequivalent with
both AUCM and - Cax mum i‘atlmg wlthm ihc stablished hmal% for
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formulation principles in which succinate salt containing beads were inclu-
ded into a disintegrating tablet whcreaq the fumurate salt was included in the
nondlsmtegdtmg OROS®:s ysicm The products were found to be bioe-
guivalent using a 90% Cl of 0.810 1.25 for both Cpax’ d'nd AUC although
the vanability associated with the multiple-unit system was lower than with
!hc smgie -unit device (47). -

i The example, duxmhed above demanstrates a phdamaceutlcai -alter-
_ .mtwc, which both involves different salts.in addition to different . dmdge
-'-:_'E'mms and yct was shown to be bioequivalent. -

DiFFERENT ROUTES OF ADMINISTRATEON

It is well known that the route of ddmimslmuon and type of dehvery ystem
may -impact ‘on bioavailability and hence pharmaceutical ‘alternatives

~intended for a different route of administration compared 1o the reference
© - “product are guite unlikely to be shown to be bioequivalent.

An interesting case involves the bioavailability and bioequivalence of
' _the same dose ‘of etodolac ddmlmslu ed as cither a tablet or a. supposxto;y
Sformulation in hedtthy volunteers of both sexes. In a crossover deSIgn when
these different dos: ge forms were comp&red their. AUCLa leues were
Iound to be within. ‘the bioequivalence acceptance range for that pammctu‘

_.but not their Ciyax vaiue% (48), hence bicequivalence cannol be claimed. -
©: oA Turther example: that demonstrates :the importance of comadumg
_dmcl ences between routes of administration for the same product can he
-gleaned from the following. When hydloxylpropyl methyleellulose or. pela-
“line_capsules containing ibuprofen, i.e., two | harmaceutical alternatives
intended for oral administration, were administered rectally, there were
~significant differences in bloavtsiahlilly between these .formulations indi-
cating biomequw ilence. However when the same capsules were. administered
orally in a crossover study the pmducts were found to be bloequlv alent (49).
The two upsuic formulations are by definition not ph'umdceum.ai after-
~natives but rather pharmaceutical equivalents and would be substitutable
O whm administered orally but not rectally. Cicnrly in this case the impact ol‘
: uccmlents on drug release with specific routes of administration is evident,

- Consequently ;the use of bioequivalent pharmaceutically equive tient
products should onlybe considered qubsmuhbie provided the same roulc of
- administration is used.

© The dehmimu ofa pharn‘mcmhmi equwalem clearly siates ihdt such
“dosage forms must be formulated for delivery via the same route of
administration as well as the other, considerations tmludmg amount and
type of active monety However thc definition of pimnmeeuucal dlterndtlve
dosage forms makes no.reference to the route of ddnnmsllauon and also
provides lor. different %lrengths different salts of aclive mou,lu,q and dif-
ferent dosage forms.
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