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Trends in Acthe Pharmaceutical Ingredient Salt Selection based on Analysis of the Orange 
Book Database 

li. Stdlcn Paukk.ulm,' r .knnikr B. ]Jressm:ui, 1 anJ Christoph Saal 1 

klc rck Kr-;(u\, T,,.,.nk(u1·t<'I' S!!'J\',\c ::,:::o, 64~"10.'? Di!UH,\ltith. Ce'U1!it1n·. ,.'!!ti hh.riilfli', ,( Plhn·n11.1,,euff(·,d T, ('h11ui:,gr. f?j,,;·e'nt, . ]uh,11u1 lF, l{!.:ant~ 
Goethe I_ 'niversiry, ALn van Laue cstreet Y. 6U4i8 Frankfurt (c\Jain), (iermany 

The Urange Book database pubfr,hed by the U.S. Urng aml l·uod AJmim;,lralion (H)A) \\ as analyzed for 
the frequency of occurrence of different counterions used for the formation of pharmaceutical c.alts. The 
Jala ublained frum Hh.· prc\enl aHa1ysi,, of lhc 01a11gc Book ,U'e cumpa1..:J to revi1.'.Ws o1 the: Cambndgc 
Structural Database (CSD) and of the J\fartindale "The Extra Pharmacopoeia". As well as showing owrall 
distnhulio11,, ol cmrnkriou usagL·. rL·sults mc hrnLc:11 duwn inlo 5·ycar incn:11ic11!~ to idcHtir) lrcml, in 
counterion selection. Chloride ions continue to be the most frequently utilized anionic counterions for the 
formrnion ul' salb as ,1diw phann:1c,:lll1cal iugn:dtl'llls (\PbL whik sod111m inns ,Ill' 111oecl widely uliluul 
for the formation of salts starting from acidic molecules. A strong trend toward a wider \ariery of counterions 
ov,.:! ll11: p;i'•,I tkc1ik is ,)hscnc:d. This lrc·ml c;m Ix: c"\ph1in,·d by :1 stru!lgLT nc,.:d to i111pmv,: physic:t! dJL.:rnical 
properties of research and development compounds. 

Introduction 

Salt furn1ali,,u is a wdl 1-11u.,v11 leclrni4tk' tu mudil': aud 
optimize the physical chemical properties of an ionizable 
rl"·,,·arch ,H· de·\ ,·lup111e11l c, ,111p<Ju1 td. Pr, ,pnli,··, ,;uci, 11s ,;,S:uhil 

ity. dissolution rate, hygroscopicity, stability, impurity pr,:;files, 
a,,,i n\<tal L:,hil c.!tl he inrlu,·11cnl 11,i11i' 11 varil'iv 01· 

pharm~ceuticall y acceptable coumerions. 1- 8 E Ye~-po l ymorp l1ism 
is<uc·,; c:ti, he !\'snlw·, i in m:!lly c:, ;c,; h\ fon1utinn, {salt, The 

crystal strncture of a salt is usually completely different from 
th,.' crys,li strnd1irc, ,f the c, ,njllf.':•lL' h:1:>c: or acid :111d :llso, 1iffcr~ 
from one salt to another. 'lhe moditicat1c1n of r,hysical chemical 
prq1ertit'~, mninly scduhilin mid ciissolmion rc,te, nnv alsc, le~d 
tc, dianges in b1ulogical effects such a~ pham1c1cuJynamics and 
phcmnacckinetics, inc hiding bioav:1i1ahilitv and t.">xicit,pmfilt' 1,9 ,10 

Owing to JramalK chaugcs lll Lhc tedmiy_m:~ appfo:J in 
pharmaceutical discovery prngrnms owr the past :c years, the 
physical d1L:m1cal pt,.Jpenic·s ul JL:vdc•JJ!llelil ca11eildat-:~ llavc 
dunged substantially. 11 Drng design based on high-throughput 
~,i\'.ClliL:,: ha~ in guteral 1,xl (,. more· lipnphilic ,.,)Jllf", umb 
exhibiting low aqueous solubility. 

f'licrc· arc rn:111y well J,11uw;; 1·orn11ilati, •H le, lrniqu_,,.; In 

increase aquem;s solubility.12- 14 e.g., micronization. nanosizing, 
or .. :nn1pk·x:1li1-lil \Vi1h cyc1,-,Jcx1i it1~;. Th;_• USl' ,if soli,J ~;l,lutinn~ 

and solid dispersion:, is another way to improve bioavailability 
for development candidates with low solubility. Nevertheless, 
formation of salts is almost the only chemical technique 
available to change aqueous solubility and dissolution rate 
without changing the API molecule. Further options for modify­
ing these properties comprise the choice of the polymorphic 
form including solvates and formation of cocrystals. Although 
cocrystals in particular are an innovative way of designing APis, 
this method is beyond the scope of this publication. An overview 
of this topic can be found in ref 15. Salt selection remains an 
important step at the interface between pharmaceutical research 
and development. A large number of publications covering 

* To whom correspondence should be addressed. Phone: +496151727634. 
Fax: +496151723073. E-mail: Christoph.Saal@merck.de. 

t Merck KGaA. 
* Johann Wolfgang Goethe University. 

physical chemical properties of pharmaceutical salts and meth­
, ,ds r,·,, salt ··,cTl'CiJillg C.',i•;I, l".;', rel'-. 4, ]( FJ .rnd l'l'fc'l\i'lll'i.'i; 

included therein. On the other hand, publications giving an 
,. ·,vcrvil"w nf :tppn,\ cd s:dt forms arl· very f,~w. 1-' /\11 !',uh lie:, 
tions known lO the authors dealing with occmwnce ()f coun­
tcrion::, for fc,nnati,,n of rharm1cc11tical salr,; list the co1mtcrion~ 
and their distributton in the respectiYe data set only at a given 
;,oint in timt' Neither the distrihuticn trends over time nor the 
cause, for tllese lu ve bec'n an.ilyzeJ tu Jale. 

The presem contrihutinn examines the selection of counteric,ns 
icx the formatiun of sails b~ analyzing the Orange' Uu,,k 
Datahase20 puhlished hy the U.S. Drug and Food Administratic,n 
11,-DA;. The Orau~e Bouk bto all Jrng pruJuch appn,vcJ ill 
the U.S. Drug products apprond after 1981 are listed including 
1.hL~ir d~Llc u1 appn·,\"aL Tl1i~ L~1Ltblc:-; ~t11 anidysi:-; ,. ,r the ..,-baug~·:, 
in frequency of usage of the different counterions witb time. 
I J'l'tJd-. ill ;;,dl s1:kdio11 11vc1 :he· pc1,it 2:i y,·ar,, call lirns !is: 
identified and the outcome of the overall amlysis of the Orange 
lln,1l,, ,·,,mp:;;cd i., rcs11li·, ha~,·,·I ,rn dhc1 · ... Jure,,,. 

Stud) Design 

The data were compiled from the FD.A Ornn)!e Rock 
Datab:t,e as uf llle em] of 2uU6 .. \1 thi, Jate, 21 lSJ drug 
products were listed, including 1356 chemically "well-defined" 
APis. "Well defined" for the purpose of our analysis means 
that the API molecules are small chemical entities with a defined 
molar mass, typically below 1000 Da and that their chemical 
structure is completely known. Dosage forms containing 
multiple APis, peptide hormones, biological APis like antibod­
ies, enzymes, extracts, and proteins, metal complexes, polymeric 
salt forms, inorganic APis, and markers were excluded from 
our analysis. The APis were classified into three categories: 
Category I consists of salts formed from basic molecules 
containing at least one atom suitable for protonation. Category 
II comprises salts formed from acidic species. Finally, category 
III is represented by APis that are used as nonsalt forms. This 
class also includes zwitterions. Counterions are reported ac­
cording to their type of charge as cations and anions. The 
stoichiometry of the salts is not discussed separately: for 
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prc-
o, irnll 1'182 ]()S! 1%6 1987 1991 F19'.' 1'1']6 1007 ?OG1 2002 '.'006 

,',-> 'd ,'10) (',J ('!<,, ,%> (',) 

Cmc((ory T: APT Salts Formed of Basic Entitie 0. 

_,2,7 

12.8 1.1 .6 10.1 11.l 13 .. ' 11.1 14,6 

48.6 48.0 47.9 48,7 48.7 48.6 52.7 

example, the occunc'nce of bromides includes bromides and 
,lihrnmi,k·:,. Ft:rtherrn<ll'l\ 1he i\PTs \Vere arr :ngL'tl hy y,.,,r ,11' 

approval to analyze how trends in the choice of salt form~ have 
ch:mgcd in rcc,:nt decade:,, Prior to 1 '1S1, nc, cfotc c,f approval 
is given in the Orange Book. Therefore, the drug products 
approved hefcre l 982 are qJ mmarizeci under ''pre 1982". The 
period frum b:S2 tu 2UU6 has been dinded intu iiw inten·als, 
each comprising 5 years. ,\fter rnmplt'tion c,f the analy,is of 
all ch..:mtu1lly \Vdl-ddind Al'b, a separate ass1:s~mc11t ,)f the 
subset of APis of oral (844 APis) and injectable i482 .\.Pis) 
d,,,,ag;: itirn1~ \\as 11L,d1:. Uur aruly:;is .,lluw~ how li11: ruut;: ur 
administration influences the choice of a specific salt form, This 
ot--,-~i...~rv;.1l:-H1 c~1r1 hL' ;_1ssig1k-d lo thL· chlll?rcHt rc(Jtt!rcrr1L·1ils or 
the two routes of administration, For example, for the two basic 
Ci>ii1p<H1,;Js hij•c:ridc;: and [lCIIL/ilcinc, till! ,liluri.J,· s:d1; arc· 

used for oral cbsage forms, whereas the lacrate salts are used 
r, ',! injL'li:1hk· <ldsag,' form,, 

Results and Discussion 

Distribution of APJ Salts Formed of Basic and Addie 
Molecule'> and API~ in Nonsalt Form,. The 13S6 chemically 
wdl-delined .\Ph: bted m lhe Orange Uuuk comprise 659 
(4R.6%', ,\Pis in non,alt forms, 523 (3R,6%) salts fc,rmed from 
b,.bic cumpounds, anJ 174 (12S10) ~cilts fo1m1:d lrnm acidic 
molecules. Thirty-ei)c:ht different anions and 15 cations are used 
as cou111criLHl:_s, for tLc rurn1;.1tiu11 c,f :s~11Ls. 'lhcn:uL 16 ~1uiun0 
and 8 cations were only used once. During the past 25 \ears, 
2:'i .iniutb a11d .:' calic,ns ha\,: hen, usL,d u f011u salt,-, The r:1fiu~ 
of APis Gbtained by salt formation of molecules exhibiting basic 
p1,,•pnli,·,,, 1\l'l salh ,;btai:.L·d fn,:n :1cidi,: spL·s:ic,;, ;,ud 1\l'!s in 
ncnsalt f,:irms have remained virmally const:mt. Tbs is shown 
ir: L1hk l. Du,·ing :,)()2 ~',)06, !her,, L:1s hc,.11 sui:,L' dc,T,·as,· 
in the percentage of A.Pis obtained as salts of basic ccimpcunds. 
T1,is k:1d,; hi:, sm:111 iner,,:tse i11 h,1th ,,f thv ,i1lw1 cat,:µ,1rics, 
Figure l shov. s the corresponding distribution of A.Pis among 
the three categories used in oral and injectable dosage forms. 
Together, oral and injectable formulations represent the majority 
of FDA-approved formulations. However, the requirements 
placed on an API for oral and injectable dosage forms are quite 
different. For oral dosage forms, a key prerequisite of the API 
is a certain minimum solubility in the pH range of the 
gastrointestinal tract. An adequate dissolution rate and a 
sufficient permeability are also important If these requirements 
are not fulfilled, bioavailability will be insufficient to achieve 
the desired therapeutic effect. In the case of solutions for 
injection, considerations such as pH of the solution, osmolarity, 
and solubility in a small volume are important for efficient and 
pain-free administration. In many cases, this can lead to 
situations where a considerably higher solubility is required for 
injectables than for oral formulations. 

Distribution of Anionic Counterions Used To Form 
Pharmaceutical Salts. A summary of all anions used along 
with their distribution during different time periods is given in 
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Figure 1. Ch c.iliG\ii<.111 and dislrihulion ,,r :;pc( ,,.·sin liK' ( lran:c;c Ile, 
according to their type of charge and adrninistration route. 

l able 2. Figure 2 displays the overail distribunc,n of anions, 
V-"herec,s Fifcure 3 Jepicr, the most rc'cent period. 2002-200A. 
J he :.lllion cncou11tcr1:J most li:cyucutl) in l DA-up pro\ d 
pharmaceutical salts is the chk,ride inn. The fraction of chlorides 
rncr1:a,cd frum 52.'J'l iJ>n>l'J82) lo 63,81i il'J8: l'J'JL;, 
remained almost constant at 63.3'c over the next 5 years 
,, ! 'J'J2 i 'J'J(J ! aud 1..kcrL:,bcd si1,'.1lilicantly tu !X.'J',, (2UU .. : 2UU,,; 
,wer the past 10 years. The anion encountered with highest 
l't\·quc;;..:y ai',c,r ch!, Tide 1 ~ulLk·. I l, •''-','Wl, ii. ;1n., 1u11b t'ur uuiy 
7,5% d APT, formed from basic molecules, Its peak incidence 
\\as l.:'.O'X ,luri,,,,· thv (lLTi,ac.1 l'1S2 l >S(i. ! ur!hcr acid:,, 
counterions frequently encountered include bromides, with a 
1<·,1al incid,·n,:-: c1f ,1 61H, ;.t,; wdl :1s m;:i,:ah>, ,1nd rr,,:sylalc's, h,,,1]; 

v,ith incidences ot' 4.2';,, 
There apr<,ars tc he snrne tcndcnn for •·foshi,-,ns" in c!llionic 

counterion selection, with certain counterions showing a notice­
;1 hly hifch<'r c1ccmrence dminc one period compared to their 
uverall usage, hJr t'Xampk, nill'J,teS rt'prest'rned 8,U'lo of J,flio11ic 

counterions during the l 982-1986 p,'riod, The c;vera!Ce usa!Ce 
ur uitrat1:s is uuly l.7',ii. l·urlhcr examples 111clud,· ac1:LiL1: wnh 
2 maximum incidence d 12,7% during 1987-1991 and an 
',Jvcrall usat::-'-' uf .3.3<)~1. l Jrtrak·s cxhlbitcJ a hi~.:llLT irn.-·id~1h.:c 
of 6.7'/n in 1992-1996 rhan the average of 3.8':n. Fumarates 
,!1Uwed mu~l freqtil'nl uliiita!i, '" durit,c'. I ')'i' 2U(, 1, e<HlU iln1liii!,! 
8,6% of FDA-approved salts formed of basic molecules during 
1his pc rind, flicy yicltkJ :111 ,l\lL'l'li:c,'l' fr,k'liun c;f I 7,,;. J·, ,r 
mesylates, the same is true with a peak occurrence of 13.8'7n 
Jurin!:' lhc S:!J!ll' p,Tiud ;>[l(,] ;in ',1\/c!J')i~''·' incic.kncv ,,r 4,~''X. TL: 
number of anions used to form salts has varied during the past 
:'5 y,•,,;~ hc,wl'cn 11 an,i LS p,·r 5 \,.',II' rwrind. Tn 1nt:,1, thc·i\: 

are only two anions with an averag..:: incidence of more than 
5% over the whole period. These are the chlorides and sulfates. 
Nevertheless, during the individual 5-year intervals, there are 
several anions reaching fractions of more than 5%. For example, 
in the pre-1982 period these are bromides and maleates, From 
1982 to 1986, acetates and nitrates are encountered in more 
than 5% of the APis of category L From 1987 to 1991, acetate 
and from 1992 to 1996 tartrate are the only anions other than 
chloride that were used to form more than 5% of the FDA­
approved salts of basic molecules. After 1996, a broader variety 
of anions has reached an incidence of more than 5% usage. 
During 1997-2001 five anions exhibit an occurrence of more 
than 5%: bromides, chlorides, citrates, fumarates, and mesylates. 
From 2002 to 2006, seven different anions including bromides, 
chlorides, maleates, mesylates, phosphates, sulfates, and tartrates 
had an incidence of 5% or more. These figures indicate a strong, 
recent trend toward increased diversity of anions applied for 
the formation of salts in category I. The trend can be explained 
as a consequence of the changes in research techniques 
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employed by the pbirmacrntical industry, The extensiY<' use 
1Jl r...:unll\in;1torLd ch,.:rnistr> :ind l1igh-1hruu~:,Lpul ~i.. fL'l~niiig in 

drng discovery has leJ to higher lipophilicity and commensurate 
ka\,cr s,,!11hili1y and diss,·,l11liun t':tk ,,!' llC\'- drn).: ,:;111d1,.ialcs 

owr the past 20 years. This in turn has necessitated a more 
im,·11si1·,: sc·ard1 r,,, app,,,priak salh a,; a toul ,,, in,;,nivc 

physical chemical pwpertit's, a searcL typically conducted at 
ilk· end, ,t" lead , 1ptimi1,atiu:, ,H' d,u i11g c\plor:1', ,ry d,·vck11:;ncnL 

- Acetate (17) 
- Besylate (4) 
- Bromide (24) 
_, Chloride (279) 
""""' Citrate (14) 
""""' Fumarate (9) = Gluconate (2) 
- lodide(5) 
- lsethionate (2) 
- Lactate (7) 
....,.. Malate (2) 

- Maleate (22) 
- Mesylate (22) = Methylsulfate (2) 
- Napsylate (2) 
- Nitrate (9) 
- Pamoate (4) 
- Phosphate (14) 
- Succinate (6) 
""""" Sulfate (39) = Tartrate(20) 
- Tosylate (2) 
- Only used once (16) 

Besylate 

Acetate 
only used 
once 

""Tosylate 
Tartrate 

Figure 2. Overall distribution of anions used in APis of category I in 
the Orange Book. 
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3.3 

L7 
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L/ 

1.7 

1.7 

L7 

3.3 
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6.7 

1.7 

1997-2001 ('c) 

L7 

5.2 

5.2 

8.6 

L7 
L7 

1.7 
35 

3.5 

2002-2006 (%; 

2,8 

5,6 

2.8 

Distribution of Cationic Cmmterions Used To Form 
l'harm,1ccutk.il Salts. \ll c;iunnic c,,unkriun,; :,,>gl'lk·r w:,ii 

their respecti,e incidence's are listed in Table 3. Figure 4 sho\,·s 
lh.,; u\ cTall diclrihui iuu P:' c'ati, 'il", in" 1 It~ l'"rnwd i'tum ci,cmi, :d 

entities exhibiting icidic properties, In Figure 5, the relatiw 
, ,,:cun,·nu:, 1,1ri11~: the: h--1 pni, ".1 11-.1rn 200.0 h> 2(Y,(, is ckpictv,J 

Among the cations used to form APT salts of aciJic mclecules, 
the sodiurn ]1-·1n str,.--;ngly dnn11n:-itcs v,-1th :in inc-ldcncc nf 7.'i.,-~v:;, 

over the entire period. From l 'JS2 to U9 l, the fraction ot sodium 
salts was more than 90%. This decreased to 62.5% during the 

-Acetate(1) 
-= Bromide (3) 
....., Chloride (14) = Citrate(1) 
- Malate(1) 

Maleate (2) 
- Mesylate (3) 

Nitrate (1) 
- Oxalate (1) = Phosphate (2) 
.,_ Succinate (1) 
- Su~ate(2) 
- Tartrate (3) 
..,,. Tosylate (1) 

Acetate 

Tosylate 

Figure 3. Distribution of anions used in APis of category I from 2002 
to 2006. 
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72.9 

1.() 
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91.7 
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12 

2UU2---2UU6 pcnud. ·11,e secund must (x,mmon catioll i~ calcium 
,,ith an average inciJence cf 6.9<r. Its peak frequency of lS.So/c 
\\ .,:, rL:a,. lied duriug :2002 -2lJU(1. ,\uutkr call• m \\ ah frc,;ucrn 
usage is potassium. On a,erage, 6.3'7c of the FDA-approved 
ell ugs u,· ,:;1(,·;c•,q·y II ,,rL· P"lassiu1J1 sah·- l'uL,:·,siurn salb :-,]1,iw 

their highest relative occmrence during 1992-19CJ6, yielding 
l-1. 1'X , -;" i\Pl salts , 0hL1incd fn,,n :1c.:idic rn: ;tics. lk111athi11c, 
cholinate. dieth:molamine, diethyhmine, meglumine, piperazine. 
p1,·;i:ainc· ;1nd ·,ilv,.,r h:tv,· 1-;,,,l h,·,·1, u~c<i s1vn li1c p:1··,i 2'> \,.::irs. 
They were only used once each during the time frame bc·fore 
cn:i of 1 'JfU. T.vsinc and magnc,111111 v:crc J,,-,;h int1'<Kiuc,0 d :1,. 

counterions during the past lU yt'ars. 
Only two h:,,ic crnmteric,ns were utiJizcrl in each of the two 

5-~ear period, 1%2-1%6 lsoJium, .1:inc; and J ':181-J9Yl 
(s,~,dium. tromeihamine). This numher increa,ed fo,m three in 
the pcriuJ 1:i:!7-2UU1 to live in the period 2UU2-2UU6. This 
analysis indicates tl-iat the trend towarJ a viider diversity of 
C1.._;Uuh.:ri1_·,11s ub'.:)crv~.xl fur u:~0.,gc ul' auiull.S is aL.u occLHTin,; vvitl1 
cations. 

Salts Used in On1I Foniml.itions. l if tlh.' ! 35(, ,.:hcmi~·ally 
well-defined APis listed in the Orange Book, 844 are used for 
nui ddi1 ~Ty .. \ lul:1! ,d· 44') (5 ,.::, "i) nl' lhem cin.: 11< ,,,,;alt 1·, -rm,;, 

320 (37.9%) s:1lts are formed from molecules exhibiting basic 
pn •pcrtit.'~~ :ind 75 (~~ l)'k'i :trc ~:ill~ ftil'lne,.~d l'l\)!lJ t'ltlitic··-. \vith 
acidic behavior. A total of 30 different anions have been used, 
17 df 11,,.·m dming i.hc· p,1·,1 2S \,:,1rs. Only ,·;_e!h1 c.,ti<>lh have· 
been employed for formation of salts frc,m acidic moietie,, five 
of which were ,:-mpk,ycd c,,Tr the paq 2'> yc;1rs. The analysis 
shows that 15 ,mion, and 3 catiuns wc<re only used once. 

Distribution of Anionic Counterions Used in Oral 
Formulations. Relative incidences of all anions used in FDA­
approved oral formulations are presented in Table 4. The anion 

- Benzathine (1) 
- Calcium(12) 
= Cholinate (1) 
- Diethanolamine (1) 
,_ Diethytamine (1) 
- Lysine(1) 
~ Magnesium (2) 
- Meglumine (5) 
~ Piperazine (1) 
,_ Potassium (11) 
filili!iiliiiil Procaine (1) 
-silver(1) 
....., Sodium (131) 
- Tromethamine (3) 
= Zinc(2) 

Sill.:'er Procaine 
, / ~otassiu~_ Piperazine 

• Meglumine 
Magnesium 

'·:::·. Ly~!~~ Diethylamine 
-==-----. Diethanolamine 

- --------- Cholinate 

_ -Benzathine 
-Zinc 

···-••. Tromethamine 

Figure 4. Overall distribution of cations used in APis of category II 
in the Orange Book. 
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18.8 
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6.3 

87.5 62.5 

lC. le 

,tpplicd mu~L frcyu-:nlly rn Al'b utilucu in ural iurmubtiuns 1s 
chloride. Its fraction increased from 55.8S:r (_pre- l 982) througb 
(,),•-Vi< ! l 'J8.> l '.!8!, J tu i~!.2'/i , I ')87 I 'J') l ;_ i\fkr lhi~ pL:riPci, 
Ihere was a continuous decrease from 65.7o/r (1992-1996) 
1[1ruuL:!J 4'.'i ,,,;,, ( !.!'.!/ ::,.HJJ) tu .l-+.S';i ,2(Hl2 _:(Hl6,. Ol11G 

important anions for oral deliYery comprise sulfate with an 
11!cidct1cc ,1!" 7.5'X. m:1k:;JL• with(;_()':. :ind !llL'S}l::lc wiLh 4.4', 
over tbe whole period. Mesylate salts exhibired a peak incidence 
\·,r l5J1'"} d11ring 1()()7 :r)Ol. ('11ratl' :-.:alb~ \\l~l"l' ;il-.;n r1\.\J1Jcnil~1 

encountered during the same period, with 7.5% compared to 
,,n avcr,1gc fraction of _i 0 l':7r cNcr the wh,.-;Jc time pcric,d. The 
rltth anion according to frequency of usage ranking is bromide 
\,·ith 8l1 :rvcr,:,gc v:1 luc of 4.1 '!r :1nd ;:; peak occmT,,ncc ,,f R.7':­
rn 2UU2-2UU6. 

During each of the peric,ds fo·,m 1982 to l ')R6 and 1987-199 l, 
"tits cuutaiurng frl c diffcrcm auiuns were appruvcd in urd 
formulations. Bet\seen 1 ~J92 and 1996, 10 different anions were 
used rn Al'J ~alts lil llC\\ly <l['j)l'UVL'J Jru; products rnlcuJd 
for oral use. During the two last periods of 1997-2001 and 
2iJ02 2'.)U6, i I a!li,,11;; 1~,·!c aprlied p,:r pcri,,d. Tim;;, the Pwr,!ll 
trend t:Jward a higher ,ariety of acids and bases used for 
;',,rm:tli<lll ,,: ·,:ills(,; n:lk, .. '.kd 1n ;\l'L. l"u1 ,,ral :1[·,plic:11iu11. 

Distribution of Cationic Counterions Used in Oral 
Formulations. ;\!! cahms ,·1,c,mnk-rcd cis c,1:J11tnin1,; !", ,;­
formmion cf API salts used in products for oral deli, ery are 
-.umm:,ri?c'.d in T"hk: "i. '¾tHlivrn rc1°r,·scnh the m<lsl ,,,1r111i,,n 

cation of this category. Its a,erage frequency of occurrence 
,lurinr the ,,,·hole time i-,criocl amlyn~rl is 6'>.1,..;. It ,~tronr]y 
iluetua,es during tile< diilc<rent 5-year ,ime pe110Js with a relati, e 

....,, Calcium (3) 
-- Lysine (1) = Magnesium (1) 
- Potassium (1) 

Sodium (10) 

Magnesium Lysine 

Figure 5. Distribution of cations used in APis of category II from 
2002 to 2006. 
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Tnhle 5. Distrihnion of f'ation°. for .\PI TTs,-d in Oral Doc.a,-:c Forms 
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number ,:,f salts 

12.0 
u 
J..I 
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11.1 
C,5 . .l 
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75 

pre- l %2 (%) 

2.' 
116 
68.2 

44 

1982-1986 , %) 

lUU.U 

fnction of at least 68.2o/c until 1991. This YJlue ciecreased to 
4.J.4''{ !()1)' l1)i)f,_ Du, ;he r,d!Pwi,;g 
1997-2C01, there was an increase to 88.9% followed by a huge 
dr, lo 1 7'7, .?002 :'006. The •,ll\ll1)'- J1uct11,niorn; 

are caused by the small absolute numbers of approved drug 
products containing salts formed from acidic entities. There were 
a maximum of nine drugs approved in this category for oral 
usage during each of the 5-year periods. The second common 
cation is potassium with an average fraction of 13.3% over the 
whole period and a peak of 33.3% in 1992-1996. The third 
important cation for oral dosage forms, which accounted for a 
total frequency of 12.0% and a peak of 50.0% during the last 
period from 2002 to 2006, is calcium. Thus, calcium and 
potassium have changed positions in usage ranking for oral 
dosage forms in recent times. 

A good example of how the counterion affects the physical 
chemical properties of an API in oral formulations is diclofenac 
and its salts. There are both sodium and potassium salts of 
diclofenac applied in drug products for oral delivery. The free 
acid is not used in FDA-approved drug products. Only the 
diclofenac sodium salt is utilized for extended and delayed 
release tablet dosage forms. In contrast, the diclofenac potassium 
salt is used for immediate release tablets. This suggests that 

1%7 199] (%) 
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1987-1991 ;%) 

tiJ.J 
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6 

1992-1996 ,%) 
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1992-1996 i 'cl 

11.1 

-+4.4 
11.l 

1997-2001 ('c) 

2.5 

7.5 

2.5 
5.IJ 
5.0 

--iO 

l 997-2001 ('i-) 

5/!. No. 

2001-2006 (%) 

-L4 
S. 7 

7 

-+4 
u 

2002-2006 (%; 

SU U 

J I 

1 7 
lu.7 

the different salt forms may influence dissolution rates. Fini et 
'.'l L:tvc cli~l:u,,•.,:d Ii dif'fcrL·ncc in di•;,;1)lt11i,H1 hd1,1vi, ,r 

between these salt forms. 
S:1h~ lJs(•d in Jnj1:dahlc Formulations. The -l82 i\PTs w;..:J 

for injectable formulation::; consist of 171 (35.5%) nonsalt fom1s, 
208 (43.2%) API salts of basic molecules, and 103 (21.4%) 
salts of acidic entities, whereas in APis utilized in oral 
formulations about half of the APis were used as nonsalt forms; 
in injectable formulations only about one-third were employed 
as noncharged forms. This shows that formation of salts is even 
more important for injectable dosage forms than for oral 
formulations. The more frequent usage of salt forms in injectable 
formulations can be explained by the need for even higher 
solubility compared to oral formulations. An oral dosage form 
needs to completely dissolve in 250 mL of aqueous media in 
the physiological relevant pH range of 1-8 to be classified as 
highly soluble with reference to the Biopharmaceutical Clas­
sification System.22 Typically, the preferred injectable dosage 
form comprises a volume of a few milliliters. If the solubility 
of the API is too low for this application, an infusion formulation 
becomes necessary. In many cases, there is a difference of at 
least one order of magnitude with respect to the solubility 
required for the formulation of an API as an injectable versus 
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Table 7. Distribmion of Cations for API Used in Inyctable Dosage Forms 
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LO 
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L6 
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1.6 
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9 

for APis used in injectable dosage forms. The increased 
pu'CL'.lll:,c.:l' oi .\PTs ,·d ,is ,.::;]t fl',,·1w; in 
forms shows tl1:i.t formation of salts is a practicJ.l way to achieve 
this objective. A total of 28 different anions and 10 different 
cations were used as counterions for formation of salts utilized 
in FDA-approved injectable formulations. Seventeen anions and 
only three cations were used over the past 25 years. 

Distribution of Anionic Counterions Used in Injectable 
Formulations. A summary of the frequency of occurrence of 
all anions used for the formation of salts of basic molecules in 
injectable formulations is presented in Table 6. As for oral 
dosage forms, the most important anion is chloride with an 
average fraction of 53.4%. This incidence has remained quite 
stable, exhibiting a minimum of 42.1 % and a maximum of 
60.0%. During the last two periods (1997-2001 and 2002-2006) 
the fraction was 50.0% each. The second widely used anion is 
sulfate with a total fraction of 8.2%. However, after 1991 no 
further sulfate salts have been approved for injectable dosage 
forms. The third anion in frequency of occurrence ranking is 
acetate with an average fraction of 5.8% and a peak value of 
26.3% during the 1987-1991 period. During the following 
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I( I 
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16,7 

! I 

7 ,l 

1-1 
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7 

rr,)l]j 10(J2 llll·h: wc1-.i ,l<l r,J1tl1L·r 1·1 
acetate· salts. On the other hand, during the lasI two periods 
l ')97-::'001 .md 2:,n2-:?nn6 111,'. 1d,nivc Crndion nf ,1edatc·~ 

increased to 14.3';(; and 16.7',c. Frequent usage of mesylates 
over the past 10 years, with a relative frequency of occurrence 
of 21.4% during the 1997-2001 period and 16.7% during the 
2002-2006 period, is apparent from Table 6. This is in strong 
contrast to the period from 1982 to 1996 in which no mesylate 
salts were approved for injectable dosage forms. In contrast to 
API salts containing anionic counterions intended for oral 
formulations, a trend toward a broader variety of anions cannot 
be observed for injectable formulations. 

Distribution of Cationic Counterions Used in Injectable 
Formulations. In category II, 38 of the 40 APis used in 
injectable formulations and approved over the past 25 years are 
sodium salts. Beyond the sodium salts, there is only one 
tromethamine salt approved in 1989 and one lysine salt approved 
in 2006. A summary together with the 63 salt forms approved 
before 1982 is given in Table 7. 

Comparison with Analysis of Data from the Cam­
bridge Structural Database. Haynes, Jones, and Motherwell 
searched the Cambridge Structural Database (CSD) for the 
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uv,:1J1Tc11c:c uf ,alb "· ilh ph:irrn:l! .. ·,·utic,illy :1cvcptahk co;m!cr­
ions.23 lt is n1t'ntioned that the CSD is a database that is not 
limited r,, pharmaccmicali,. Rather, it c,-,ntaiw. mam suh~r~,nccs 
used in other industries, such as pigments. The analysis of 
Haynes et al. ,ms puhlish,·d in 200\ c,wering a time spn of 
mure U1J,n ~U) ears. llayne, el a!. recei \ eJ 6U21 hit, for anions 
and 587 hits fc,r cations .. \ hit represents one structure c,f an 
or;2auic ,c11l foLmJ in Lh.: CSlJ. J.kcausL' A. lhc lad U10-l tfo.- CSJJ 
is not a database exclusively comprising APis, it is difficult to 
uht.;.1in p!1~r111ctcculil.,tlly 1dcvarn trcud, ill s .. dl s;.;kdi,m i'rom 
this database. 

llay1i.:, d ,,l. ~ca1d1;.;d 1l1c C>..,1) fr,r salt i'urm,; cuuL!rniug 
plnrmaceutically acceptable counterions. For this seaich they 
u,,:d 61) J, ffn.:·, :l ani, ,n~ ,.u ;d .2 I d; i'i°,;rcn, caliun,. I h)\\ L'VCL ,iuc,· 
tht' authors faced difficulties in determining charges and the 
h,,i1di11i.:: type, .. ( mct.,i ;1lon,s, thL·: wc1c: una\,k hi ..!1ffcrc·miatc 
appropriately betwet'n ionic and cm alent compounds. This 
p;,-,hlcm forc,·,l th,: 111lhn; < !,l ,·,n,it al1 citllni'"llnd< ,:,rnbining 
mdal atc,ms. Bc:cause metal cations are the most frequently used 
c:niunic u,1mkrion, .. in 1hv Ora1i:•c n..,. ·,k, 11 ,.·, ,mp:1risu11 ,,c the 
datJ. between the Orange Book and CSD for cations is not 
m<"aninrfol. 

.\s a consequence. only the rt'sults tor anionic counterions 
arc comr1rc-rl with rLc Onngc Book d:-1ta. The comparisi>n of 
tht' relat1ve occurrence of anions used as cc,untencins fr,r the 
fnrmaticn of ,~,lts shows [;irge differences hdween the CSD 
and the Orange Buol analysis. A, one cxampk, bn)midc, used 
for fornntion of salts acccunt for a much higher <mre in the 
C:,,,l) (23.3%) than 111 the Urauge Bod" (..J..t,' ;). lu c:oulc,,t to 
this observation. the results for chlorides agree quite \\·ell: 4 7. 7o/r 
in tlie ( ~I) ;u,d 5.1.-l'A 1,1 llic Orall','C Jk,, ,k. 'I l,e ma!,:atc, 
mesylate. and sulfate fractions in the CSD are distinctly lower 
tL,,11 i11 ;[;l' 0:.111;!,<'. Bo,Jk LYX ,('Sil vn~11s 4.::' (Ou11;2,,: 

Book) for maleates, 1.1 o/c rCSD) versus 4.2'7c (Orange Book) 
r,,, lllCS\ !;1ll'S, ;111d 2.7'X (( '-:!)) •.\,'!',;tis ...,_'i'X iOr,1nr,: Bu,,k) r,)r 
sulfates. 

ll1,· 1:1lio ,,i sails i',Jrmc.i wi;!, ,111i,>t1ic c,·,unkri·T1s (,·, salb 

formed v:ith cationic counterions in tht' CSD analysis is about 
1(, hi L The rc•-rll:dih· r11ti.-, 1.1hhim:d C1,,111 ll1c· Or:1n,•,L' R.,,,k is 
roughly 3 to l. Thi, reflects the large fraction of compounds 
kft out hy nc; lcctin,~ suhstanccc cont,,inin:' mct,.J c,·1ticns in 
the CSD anahsis. K:msalt forms of AP! were not considered 
in the CSD amlysis 

lbe CSU analysis for cationic counterions loses pbarmaceuti­
ca 1 relt":ance hy using :1 dat:1hase that incl11de, non--J\PT 
substances and leaves out mdal cllions as counteriuns. Surpris­
ingly, the analysis for anionic counterions gives the right order 
of magnitude for most anions. Nevertheless, examples such as 
the bromide salts show that the CSD results are not sufficiently 
reliable. In conclusion, analysis of a very general database like 
the CSD cannot be expected to and does not yield results 
relevant in a phaimaceutical environment. 

Comparison with Analysis of Data from Martindale. 
Berge, Bighley, and Monkhouse published a review atticle about 
pharmaceutical salts in 1977 .1 In this article, the distribution of 
counterions at that time was presented. Their list was based on 
Martindale's ''The Extra Pharmacopoeia", 26th edition, from 
1974. The authors listed 80 different anions and 21 different 
cations used as counterions for formation of pharmaceutical 
salts. At that time, 53 anions and 14 cations were classified as 
FDA-approved. The distribution of counterions obtained in this 
analysis is comparable to the average values from the Orange 
Book compilation obtained 30 years later. This can be derived 
from the data summarized in Table 8. The good agreement is 

Tahlf• 8. C'omp:H"i,--:on ,_,f Or,rnt},(' n( )( 1k (2Ci\tl) D:1u \vith Dal:1 fc: ,m 

Berge, .\1onkh,use, anJ Bighky (l CJ\iJ anJ 1974) 

CUUllLc'.rion 

hmmide 
d1lrn1t.k 
maleate 
mi·s\Ltk 

sulfate 
calcium 
pola:--,!l!Jll 

sodium 

\1.fftirnLk, 
l'J74 ('c; 

7.6 
17.7 
3.0 
LO 
7.8 

10.5 
!11.0 
62.0 

Manindak. 
l<J\;_l (%) 

0nrng,' Rook_ 
2UUu !%) 

not surprising because the trend to\,·atd a broader variety of 
,·•Hmh.-riuns itrs1 s!:,rtcd 1,, haVl' .11101:ihk imp,1c1 '"l distrihutio11~ 

around the mid-1990s. Because of the large number cf AP1s 
1pproYcrl hcfr,rc that point in rime the awragc ;!istrihition is 
still dominated by drug products approved earlier. 

There is ~: second puhiicatic,n hy the same authors on this 
L,)pi;.;.' Thi, anaiysis i, bas..:ci on MartinJak ·, "Th,: Exlru 
Pharmacopceia", ,,Clth edition, from 1993. Tt lists l 12 different 
cillions 0-ntl .,ii> cati,:,ns. S,,mc ,,r lhi: cuuntcnuns ltJ.vc foll bi.:u1 

newly introduced for formation of A.PI salts bm simplv listed 
1\illi illl' n:·,pccli1 ,, tn1 tal u:.,mi.:,,. Thi,; kaJ• .. lo multipk 
references of the same counterkn. AIK1ther circumstance leading 
', ·, tl1(· ,!llTl':t::l'd Y,.,lil,ty ,.,1· an1,;nic :liil.l l:;;1 ilnic ,:, •u11kiinn~ .1, 

this time is the fact that quite a lot of countt'rions were used in 
, ·1dy 1 >11e ca,<. ;\iii!, •ugli ii t,· daL1hasc hanc:,·cl c,H1 ,Hkr,rHy fr,·,n 
1974 w 199.\ results art' still in quite: good agreement for the 
lll<)S( in,p,)l'l;,:11 ,:,Hmkri,:,ns ,ind c'()llli"li'l' wen wi(L tl1,· ch,,1 fr,•,:n 

c,ur Orange Book analysis. Some examples of important 
countcrions ,11·c gi,cn in T~hk R. 

One must keep in mind that the Orange Book only contains 
drng p1\1rluc,~ apprc•vcrl in the T T.S. Tn cornr:,st, the "M:1rtinrla]c 
l:.xtra Pharmacopoeia" cuntains Jrug products frum all uwr tile 
world, A funher reason for difforence~ hetween he 1th darahases 
ts the \Vay s1tlL forms aml formulalicllb an: cuumc:d, e.g., if ~alt 
forms used in drur products containing mere than one ."cPI are 
c'.Jusil1~:rcd \b ;_.;cp;.1ratc u:::;c uf tile cuu11tcri,_:,n. 

Condusiom 

Thi, contribution prows that there is a trend away from using 
a ~,n,1 l] sckc !i,m 1 ,j· ('.1.Jllllk'l'inn,, for r, ,rma(i, ·q1 tlf r1harrn,,,,·,·11lk:J 
salts tc,ward a much broader Yariety ,,f ions. This trend staited 
in the 1990·, :111d k1s ;,ccclcr,ncd c,ignific,,ntly ,foritE' recent 
yeais. lhe sepaiate analysis for APls used in oral and injectable 
,.1osagc form, confirms rh:1t trends in rhc ch,,icc of co1111tcrict1s 
depend on the route of administratiun. 

The comparison with data from other databases indicates the 
importance of the choice of the data source. Only phaimaceutical 
databases will give phaimaceutically relevant results reflecting 
the specific needs for development of new drugs. The data from 
the Orange Book agrees well with data from older pharmaceuti­
cal sources; this is exemplified by comparison with data from 
Martindale's "The Extra Pharmacopoeia". Finally, it is specu­
lated that the trend toward more diversity in pharmaceutical 
salts will be even more pronounced in the near future, as 
increasingly challenging molecules are selected for predevel­
opment and clinical development. 
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