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(~- The chenlical. biological, physical, and ecor'lOmic char­
i aeteristics of medicinal agents can be manipulat.ed and, 
i heDce, often optimized by conversion to a salt form. 

Choosing the appropriate salt, however, can be a very 
I difficult ta~k, since each salt imparts unique properties to 

" , 

Salt-forming agents are often ch~en empirically. Of the 
J.:.Qany salts synthesized, the preferred fo= is selected by 
pharmaceutical chemists primarily on a practical basis: 
cost of raw materials, ease of crystaili2ation, and percent 
yield. Otf';-er basic considerations include stability, hy­
groscopicity, and flowability of the resulting bulk drug'. 
Unfortunately, there {,'ii'o'reliablE; way of predicting the 
influence of a particular salt species on the behaviOr"ofthe 
parent compound.-Furthermore, even after many salts of 
the same basic agent have been prepared, n'o efficient 
screening techniques exist to facilitate selection of the salt 
most likely to exhibit the desired pharmacokinetic, solu­
bility, and formulation profiles. 

Some deci$ion-making models have, however, been de­
veloped to help predict'salt performance. For example, 
Walkling and Appino (1) described two techniques, "de­
cision anal.ysis" and "potential problem analysis," and, 
applied them to the selection of the most suitable deriva­
tive of an organic acid for development as a tablet. The 
derivatives considered were the free, acid and the potassi. 
um, sodium, and calcium salts. Both techniques are based 
on the chemical, physical, and biological properties of these 
specific derivatives and offer a promising avenue for de-
veloping' optimal salt forms. , 

Infor,mation on salts is ,widely dispersed Ehroughout the 
, pharmaceuticalliteratUIe. much of which addresses the 

use of salt formation to prolong the release of the active 
component, thereby eliminating various undesirable drug 
properties (2-6). This review surveys literature of the last 
25 years, emphasi2ing comparisons between the properties 
of different salt forms of the same compound. Included also 
is a '!;,cussion of potentially useful salt forms. Our purpose 
is II/ufold: to present an overview of the many different 

1, ,,1 .. _.1.. ~1:.1.f.,,~ .... '_ t. _ .1 _ " ___ ~.,.....,~ 



-. 
I 

C'.-\.S DDS 

Table I-FDA-Appro~'ed Commercially Marketed Salts 

Anion 

""c"t.:\t.e 
B~nZfJ1e~\llfQnatE: 
Ben70ate 
Bir.9rhonat~ 
Bitartrate 
Brmnide 
ClIkium p.cieLqt" 
Carnwlate' 
Carb~nate 
Chlorid~ 
Citrat£ 
Dihydrochloride 
Ede·t<it .. 
Edi~ylat~" 
E~t.l)laie'j 
E .• ylst2'· 
Fumarale 
Gi\Jc~pt>lt~f 
Gluconate 
GIIJr.;lll'1ate 
G Iycoll\'larsanilate~ 
Hexvlr';.,orcin.~t" 
Hyci'r3b~min~~ 
Hvdmbromide 
H:"drochl'Jride 
Hydro:o:yoaphthollte 

.,. 

Perceot" 

1.:?G 
O.~.5 
0':51 
0.13 
O.f.i] 
4.6,S 
Q.:!5 
0.2.; 
0.% 
·U7 
a./):3 
0.51 
Ij.25 
0.33 
0.1:3 
0.1$ 
0.25 
0.13 
0.51 
0.25 
0.13 
0.13 
0.25 
1.90 

ol2.9c 
0.25 

Cation Percent.' 

I(,did" 
lser.hi,)!late ' 
Lactate 
Lactobion:\€ 
).blatP. 
)'fa!~3te. 
Mande'"t. 
Me3ylat" 
r ... lelhv!bromi:l~ 
M"'thvlrliHd~e 
!\'If.'thYI>,.t1f~t'" 
Mucate 
Nap;:Y!:'.t? 
~itr~~f 
Pamo"t.e (Embon:;.t .. ) 
P3ntQthena.t~ 
Phosph'l.te! diphu~ph3;;' 
PolygaJi.lcturonilt~ 
~3licylat". 
S,eUl'~tt; 

Subacet,,,.e 
Succinate 
Sulfate 

. Tanrlsu' 
Tartrate 
Teoclate j 

T~ietbi()d.ide 

CLltioTI 

----~OI).'3 

-------_._-

I , 

·Percent.' 

2.02 
0.88 
0.76 
0.13 
0.13 
3.03 
0.3& 
~ 

O.iS 
·0.:l6 

\1.Or; 
0.13 
0.25 
0.64 
un 
0.2.5 
3.16 
O.la 
0.33 
0.25 
0.38 
0.33 
7.46 
0.88 
3.54 
0.13 
l1.1:3 

--.-------------.---------~.-. ----_._----
Or=ran;"" 

Ben~-~thin"~ 
Chloroprocaine 
Ch(·line 
Diethan~bmi!:o; 
Ethylenediamine 
Me~J.Jmi,,(·1 
Pr(J~ll.int' 

0.136 
0.:)3 
0.:33 
0.93 
0.66 
2."2S! 
0.156 

l\TetalJic; 
Aluminum 
CalciuJ:l. 
LithiuJ:l. 
Mliglle.ium 
Por .... '3~jum 
SodJlJm 
Zinc 

0.66 
10,49 

LS4 
1.31 

10.82 
61.97 

2.95 

t, Percent is b<l~ed on tot.al numbe: of ~ni,'nic or ca!ir;oic sal!.'! i.1J use thr?u~h 197:1. ~ Campho.rsUU:0i'lllte. ' t~·Et~aned.i.;ulfonat.e. ,I Lauryl s~11fate. 
': Ethane$ulfonate. ~ Glucoheptonate. ;: P-GlYC,?U2.IIll.dop.hn.r1Il!'sonute. 1 • .IIi ,N·~DI(dehydrollbl"tyL.,ethylenedlamme. I :t-Hydro:!tyethane3ulfonate. 
J B-Chlor('.theophyllinate. ".IIi.N'-Dlb~nzylethYlellecli9.L;lllle, .N·Methylr.luc3mm~. . 

to assemble da'ta that will provide, for the student and 
pract.itioner alike. a. rational basis for selecting a suitable 
salt form. 

POTENTMLLY USEFUL SALTS 

Salt formation is an acid-base reaction involving either 
a proton-transfer or neutralization reaction and is there­
fore controlled by factors influencing such reactions. 
Theoretically, every compound that exhibits acid or base 
chara~teristics cll? participa~e in sa~.tJ~rm~ion. Par.ticu­
larly lmportant IS the relatIVe S~l:ellgt'lli of the aCId or 
base-the acidity anp basicity constants of the ~emical 
species involved. These factors determine whethet or not 
formation occurs and are a measure of the stability of the 
resulting salt? 

The number of salt forms available to a chemist is large; 
surVeys of patent literature show numerous new salts being 
synthesized annually. Varions salts of the same compound 

. often behave quite differently because of the physical. 
chemical, and thermodynamic properties they impart to 
the parent compound. For example, a salt's hydrophobicity 
and high crystal lattice energy can affect dissolution rate 
and, hence, bioavailability. Ideally, it would be desirable 
if one could predict how a pharmaceutical agent's prop­
erties would be affected by salt formation. 

Tables I and II list all salts that 'were commercially 
marketed through 1974. The list was compiled from all 
agents listed in "Martindale The E:'!tra Pharmacopoeia," 

26th ed. (7). Table I categorizes sllsalt forms approved by 
the Food and Drug Administration (FDA), while Table II 
lists those not approved by the FDA but in use in other 
countries. (Only salts of organic compounds are considered 
because most drugs are organic substances.) The relative 
frequency with which each salt type has been used is cal­
culated as a percentage. based on the total number of an­
ionic or cationic salts in use through 1974. Because of 
simple availability and physiological reasons, the mono­
protic hydrochlorides have been by far the most frequent 
choice of the available anionic salt-forming radicals. out­
numbering the sulfates nearly six to one. For similar rea· 
sons, sodiUm has been the most predominant cation. 

Knowledge that one salt form imparts greater water· 
solubility. is less toxic, or slows 'dissolution rate would 
greatly benefit chemists and formulators: In some cases, 
such generalizations can be made. Miller and Heller (8) 
discussed some properties associated with specific classes . 
of salt forms. They stated that, in general, salt combina­
tions v.~th mono.carboxylic acids are insoluble in water and 
lend themselves to repository preparations, while those of 
dicarboxylic acids confer water solubility if one carboxylic 
group is left free. Pamoic acid, an aromatic dicarboxylic 
acid. is an exception since it is used as !i means of obtaining 
prolonged action by forming slightly soluble salts with 
certain basic drugs. Salas et al. (9) reviewed the use of this 
salt fc,nn in preparing sustained-release preparations. 
More recently, latentiation of dihydrostreptomycin (10) 
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Table JI-Non-fDA-ApI/roved Commercially Marketed 
Salts ---------- ---.-----.. ---.-.------

Anion ----
Adip:l.le 
Alg:nate 
Am in,),aEcylaLe 
.\nhyd r,)lJ!ethylell.;o.;itrat-: 
Arecoline 
A>O.irt,~te 
r. i ~ IN" te 
BtHvlJ:,rom;.j" 
C~,nphunlle 
Di!!lucNI.ne 
Dih ... drQbromide 
DiSliccinal€ 
Gl)'cerophCl~pha~e 
Hemi!;ulfatc 
H·:drdluoride 
H:,druiodid" 
l\·iethy!.;nebi;.(salicylatei 
r\.!lp:::di;;ylate" 
Ox!l.late 
PCCt1113te 
PerSl,Ilfate 
Phenyl<1thylbHbiturate 
PicratE: 
Propionate 
Thk"~yan.~te 
Tos..-hte 
l!l1d'~c"noaLt: , 

Calion 

Or2!lllic: 
fjenethaminc" 
Clemlzole-" 
Diethylamine 
Piperazine 
Trom~t.hanlin~~· 

l\ktal!i.:: 
B,nium 
Bismuth 

0:13 
0.13 
O.~5 
0.1:; 
0.i3 
0.25 
C·.~~ 
0.13 
C.l:) 
O.:!.3 
0.13 
0.13 
0.,35 
0.13 
o.n 
(J.:"!5 
0.13 
0.13 
0.25 
0.1.3 
0.13 
(1.l:3 
0.1:; 
0.13 
0.l3 
0.13 
O.l:J 

G.33 
0.9S 

• PerfJent i~ b3;ed on total nU!!lber of ,mionic and catk'llic "sits in u:;(, 
through 1974. b 1.5-NsphLhalenedil;ulfonate. • N.Ben2Ylph~n3t.Vl.a.tn.in(;. 
If 1.p ·Chl(lrobell)~yl-2-pyrrolidin.1' .ylmethylbenzimid.uola. • Tris(hy­
druxymethyl)aQinometharie. 

using pamoic acid resulted in the formation of a delayed­
action preparation. Numerous studies using pamoate salts 
are dispersed throughout the literature (11-15). 

Alginic acid also h:15 b~en used to prepare long-acting 
pharmaceuticals. Streptomycin alginate was prepared (16) 
and shown to be effective in sustained-release prepara­
tions. A striking example of a long-acting alginate salt is 
that of pilocarpine. When dispersed in steriie water and 

. dried to a solid gel, this compound was found useful in the 
preparation oflong-acting ophthalmic dosage forms (17). 
\Vhile liquid preparations of the alginate and hydrochlo­
ride salts possess silllilar miotic activity, studies showed 
that solid pilocarpine alginate flakes constricted pupil size 
more effectively and increased the duration of miosis sig­
nificantly when compared with the liquid preparations. 
Solid dose pilocarpine rnay be more uniformly available, 
because it diffuses mote slowly through the gel matrix 
which holds the drug in reserve. In contrast, drops of the 
commonly employed solution dosage form release the dose 
immediately to the conjunctival fluid. 

Malek et al. (18) devised a. uniqUe way of prolonging 
action through salt formation; they showed that the dis­
tribution of several antibiotics could be roatkedly altered 
by merely preparing macromolecular seJts. Since macro­
molecules and colloidal particles have e.n affinity for the 
Ivmnh<!tic svstern. streptomycin, neomycin, viomycin, a.l1d 

'3~ 
streptotluycin were combined ""ith high molecular weight 
compolmds such 33 p'olyac.rylic acids, sulfonic or phos­
phorylated polysaccharides, and polyuronic derivatives. 
Parenteral administration of these compounds produced 
low blood levels of the antibiotic for long periods, while 
lymph le .... els were high. (In compruison, streptomycin 
sulfflte gave high blood levels but low lymph levels.) This 
alteration in distribution caused the streptomycin to 
prolong its passa~e tluough the body, since lymphatic 
circl.ll"tic.n is quite :;Iow. . 

The appropriate choice of a salt form has been found to 
r&luce toxicity. It can be rationalized that any compound 
a~sociated with the nClrmal metabolism of food and drink 
mU5t be essentially nontoxic. The approach of choosing 
organic radicals that are readily excreted lor metabolized 
r)pened up a new class of substances frolll"\'ovhich to select 
a salt form. For example, certain salts of the strong base 
choline have proven to be considerably less roxie than their 
paIE'nt compound. The preparation and properties of 
choline salts of a series of theophylline derivatives were 
reported (19), and it was shown that choline theophyllinate 
posse5sed a g-reater LD5(l than theophylline or its other 
salts (20). It was postulated that this agent would be less 
irritating w the GI tract than aminophylline, because "its 
bHsic constituent, choline, is an almost completely non­
toxic substance of actual importance to the physiologic 
economy." This evidence led w the preparation of choline 
salicylate ('21) as an attempt w reduce the GI disturbances 
associated with salicvlate administration. Clinical studies 
indicated that choli~e salicylate elicited a lower incidence 
l'f GI distress, was tolerat.ed in higher doses, and was ,of 
greater benefit to (he patient than was acetylsalicylic acid 
(a:;;pirin). 

Amino Elcids and acid vitamins also have been used as 
salt-forming agents. Based on the evidence that coad­
ministration of amino acids with aminoglycoside antibi­
otics reduced their toxicity, a series of amino acid salts of 
dihydro.;treptomycin was prepared (22). In all but one 
case, the acute toxicities of the5e salts were lower than the 
toxicity of the sulfate. The ascorbate and pantothenate 
also were synthesized and .shown to be less toxic than the 
sulfate. Of the salts prepared, the ascorbate had the highest 
LD

30
. . 

The vitamins most commonly used for forming salts 
exhibiting reduced toxicit.y are ascorbic and pantothenic 
acids. Keller et al. (23) were the first to use pantothenic 
a.cid as a means of "detoxifying" the basic streptomyces 
antibiotics. Parenteral administration of the pantothen- . 
ates of streptomycin and dihydrostreptomycin had a sig­
nificantly reduced incidence of acute neurotoxicity in cats 
ru; compared 'ivi.th the sulfates. Subsequent studies (24-28) 
supported this fll1ding and showed that the pantothenates 
of neomycin and viomycin also are less toxic. The ascorbate 
of oleandomycin was synthesized and its pharmaco~ogical 
properties were reported (29). Upon intramuscular injec­
tion in rats, it produced less irri~tion than the phos­
phate. 

p-Acetamidobenzoic acid, an innocuous metabolite of 
folic acid presen( in normal blood and urine, has been used 
in preparing salis. In particular, it yields stable salts with 
amines that otherwise tend to form hygroscopic products 
with cOl1vention;;o.1 ,!cid componen ts (30). 

Often the salt form is chosen by 4eterminihg a salt 
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component tbt will pharmacolugically ant.agonize an 
unfavorable prop'!rty or properties exhibited by the basic 
agent. Salts of N -cyt::lohE::!y13ulfamic acid are an example 
of the practical application of this approach. N -Cyc1o­
hexyisulfamic acid salts, better known as cyclamate;;;. have 
a charact.eristic sweet, pleasing taste. Although presently 
under invest.igation by the FDA for potentially carcillo­
~'enic propert.ies, salt.~ incorporating this ce.mpound can 
render ullpleasant. or bitter-tasting drugs accepta}j·le. For 
example, t.he cydamatE:s of de:nromethorphan and 
chlorpheniramine exhibit greatly improved bitternes5 
thresholds compar€-d to cOlllllonly occurring salts (31). 
Furthermore, their stability in aqueous solution was de­
scrib~d as guod when maint.ained at a pH not greater th.m 
4. -,'.' 

l{.Cyclohexylsulfamic acid salt.s of thiamine hydro­
chloride and lincomycin also have been synthesized. Thi­
amine N-cyclohexylsulfarnate hydrochloride 'iVa" reported 
to' have a more plE:aSallt. taste than other thiamine salts 
while having an equal or greater st.ability (32). Lincomycin 
cyclamate, ShO'W11 to possess an enhanced themlru stability 
over its hydrochloride, was prepared (:33) to test the hy­
pothe;;is that reduced lincomycin absorption in the pres­
ehce of small quantities of cyclamates was due to a simple 
metathetic reaction. However, this assumption was found 
not to be true. An extensive 15tudy of the preparation and 
characterization of cyclamic acid salts of several widely 
used claSses of drugs including antihistamines, antibiotics, 
antitussives, myospasmolytics, and local anesthetics was 
repNted (:34, :35). 

Various salts of penicillin a.nd oasic amine compounds 
have been formulated in an effort to produce a long-acting. 
nonallergenic form of penjcillin. Since antihistamines 
appear to mitigate the symptomatology of penicillin re­
actions in some patients, coadministrat.ion of the two has 
been advocated. The preparation of the benzhydralamine 
salt of penicillin was an attempt to produce a repository 
form of penicillin with antiallergic properties (36). Blood 
Je,'els achieved with this salt were comparable to those of 
penicillin G potassium; however. it.s antiallergic properties 
were not evaluated. In fact, the investigators noted that 
antihistamines can actually cause sensitization at times 
and stated that "despite their occasionally favorable in­
fluence on the symptoms of penicillin sensitivity, they 
contribute directly to the pntential of drug sensitivity when 
co-administered with penicillin." 

Silver salts'of sulfanilamide, penicillin, and other anti­
biotics have been prepared and represent cases where the 
species (ions) are complementary. ~lb.en aqueous solutions 
of the salts were applied topically to burned tissue, they 
yielded the combined benefits of the oligodynamic action 
of silver and the advantages of the a.ntibacterial agents 
(37). 

The use of 8-substituted xanthines,' particularly the 
8.substituted theophyllines, as salt-forming agents was 
first reported in the preparation of a series of antihistamine 
salts (38-41). Synthesis (If these xanthine salts was an at­
tempt to find a drug to counteract the drowsiness caused 
by the antihist.amines with the stimulant PTopertie~ of the 
xanthines. When an electronegative gToup is introduced 
into the xanthine molet:ule at the S-position, the elec­
tron-drawing capacity of the substituent result.s in the 
creation of an acidic hydrogen at position 7. Thus. these 

[4j005 

moderately strong acidic compounds can undergo salt 
formation with various organic base::. 

The 8-halotheophyliines were the first group of :un­
thine::; studied as potential salt-forming agents. Since the 
report on the preparation of the 8-chlorotheophylline salt 
of diphenhydr<lmine (42), synthesis of the 8-halotheo· 
phyllinates of a nmnber of organic bases has been at­
remptGd. The 8-chlorotheophyliine salts of Quinine, 
ephedrinr:, and strychnine were. prepared and character­
ized (-i3). These salts were le.;;s water soluble than the 
corresponding free alkaloidal base~. In a similar report, the 
8-chlorotheophyllinate3 uf three synthetic narcotic~, 
meperidine, levorphanol, and metopon, were prepared 
(44). 

F'harmacologica.l and clinical studie~ involving the 8-
bromotheophylline pyrilamine salt rev~aled the wlUsual 
diuretic properties associated with the 3-halotheophylline 
portion of the compound (45, 46). Th~s finding initiated 
an illvestig-ation into the preparation of Ii soluble 3-bro~ 
motheophylline salt of high diuretic acti..,ity. With readily 
available amine~, over 30 salts' were synthesized and 
::;creened for diuretic activity (47). When tested against 
t.heophylline salt." of the same amines, the 8-bromotheo­
phyllinates showed greater activity in every case. 

With the successful formation of 8-halotheophyllinates 
of organic bases, Morozowich and Bope (48) proposed that, 
if the halogen moiety was replaced with a more electro­
lleg-ar.ive substituent such as a nitro group, a more acidic 
compound would be formed. Presumably, more stable salts 
would result and precipitation of the free xanthine deriv­
atiye in the stomach would be le.;;s likely to occur. On this 
premise, they successfully prepared pharmacologically 
effective 8-nitrotheophyllinates of 3everal pharmaceuti­
cally useful bases. 

Duesel et at. (19), in their study of choline theophylli­
nate, prepared the 8-chloro-, 8-bromo-, and 8-nitrotheo­
phylJ.ine salt$ of choline. Oral toxicity studies in mice 
showed that the LD.sfl of the 8-nitrotheophyllinate was 
much greater than that of either S-halotheophylline. In 
fact, it remained nonlethal at doses as high as 5 g. 

PolygaJ.act1.Honic add, a derivative of pectin, has been 
used to prepare quinidine salt.<; exhibiting reduced toxicity 
(49, 50). The cOlupound possesses special demulcent 
properties and inhibits mucosal irritation. The rationale 
for use of this agent is to reduce the 'ionic shock to the GI 
mucosa resulting from the flood of irritating ions liberated 
by rapid dissociation of the conventional inorganic q uin· 
idine salts. Studies have shown that it. is four times less 
toxic orally than the sulfate. This difference was attributed 
to the slower release of quinidine from the polygalactu­
ronate. 

Other compounds reported to be potentially useful as 
pharmaceut.ical salt forms are listed in Table Ill. 

PHYSICOCHEMICAL STUDIES 

Biological activity of a drug molecule is infh.lenced by 
two factors: its chemical structure and effed at a specific' 
site and its ability to reach-and then be removed from-­
the site of action. Thus, a knowledge of the physicochem­
ical properties of a compound that int1uence its absorption, 
distribution, metabolism, and excretion' is eSl'ential for a 
complete' understanding of the onset and duration of ac-
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Table III-Putentially -Useful Salt Forms of Phatlllaccutic;\! Agent.s 

S3..ll.F c·OTr.i.r.f, Ai;~Dl C')IlJPOt;~.:J rvbdifipd Reference ---- ---------------------------------------
Ac£l\·l:ln,;:loa,N.k acid 
~V -ACetyl- L-a:par ,1,.n n 1,." 

N ·A':c·ty]cvstine 
Adarnantc'-ic acid 
Adipic acid 
S ·Alkyl.,u'fa:nat~.; 

Anchr~ql!in()I:.~.1,.5-d;-,~]iO:li:; Jcid 
Ar~br:,,,.,la,,:t.u;13ulf2l(~ {ar2::'i.:JD) 
:\rginine 

As:).)rta~l: 

B~t.ain'~ 
Bi£ (2·C.(\Tho:t;,chro:.mon·5 .j'] 'J:!: ".) ,1 I k3)'1'" 
Carnitine . . ,;.". . 
4·Chlord-m.t.)ll)en~~uli(",:c add 
Dc;:anoate 
Diac",tvl B'JILlte 
Dib.enzylethylen.;,ciiillliine 
Diethylamine 
Diguaiucyl ph()~phatc 
Diod,'l slllf,)5UCcinate 
Embonic (pam.)ic) acid 

Fructose 1,6.diphv~phoric add 

Gluee • .;" l·phospr."ric add, glu,;os2 
6-pho~ph~lric acid 

L-Ghlt3mine 
Hydrox),IlD.phthoat.; 
2-(4-Imidazolyl)cthylami::e 
1;0 hu t.HllOlamin~ 
Laurvl sulP3te 
Lysiile 

Methanesultor,ic acid 
IV· Methylglllc.'l.mine 

N -).1I€thylpiperazine 
Morpholine 
2·Naphthah,ne;;ulfonic add 
Oct.:moate 
Probenecid 
Tannic acid 
Theobromine a.~etic acid 
:3,4,·5-Trim!!thoxybenzl);)t~ 

TromethllDline 

r'ox),cydiM 
Brythr('UlYciLC 
D::>:<yc)'dillc 
:\]\,:ylbit;ua.n:de5 
Pir·endnt 
A ~,p; :illi~ 
Ll!1CO:n·"f\;\ 

C~phale;;in 
V~ir)lJ$ alk.'11oids 
C£ pIEtl(I,.pc·,.i~~. 
L'. ·Sulf"beI',;:\·1 o~lli d; lin 
E,n'1'hr(l~vc~:l· 

. T c:-r.'t'~cy;:Lill,,; 
., ·(Aminco,'.lk:Jl)'h,oph;llin,,~ 
1'letrlJ~mill 
P'~'f,,);,:yphe:le 
H~pt..\",inol 
Thiaruine 
.~picillin 
C.!ph·9..1'J~PQrins 
T etr;'lcvclir.1? 
Vi!1(".:,lnlio.e 
X:in:unYI;L, 
2.Phenyl.3·rnethylmorpholinc 
Tetrucydine 
Er:r'lhIornycin 
Ti!tr!lcycline . 
Er::.th;oll1yciil .. 
Erythrom'fCi:1 
B(·~r,.heniWn 
Pro:.tagl:ll1din 
Theophylline 
Vin,:a.r=.io.;. 
Cc-S • .llfobenzylpc!~idllin 
Ceph:ll0.~~·crLl1:i 
Ptalidoxime (2.p A:\I) 
ct-Sulfobenzylper:icillin 
C'ephalo~p.)rins 
Phenyloutaz.Ql1e 
Cephciosporim 
Propo)(ypheng 
Heptilmi..!'lol 
PivampicHli:l 
Various alnines 
Propoxyphene 
Tetnl.cvcJine 
Hept<uninol 
Aspirin 
Dinoptost (pr05t~;LUldjl'l F'N) 

Solub:lity 
Sulubilit:f, activity, 5hb:Jity 
Combi.!:ed ~f[£ct u~eful in pncumonill 
Prol.)uged action 
Stabilit.y, tot-icity, or~anoleptic properties 
A'oec·rptiQn (orill) 
Soillbilit'f 
Stability: .a:J,s.)rp:lcD 
Fre,longed e..~tic:,n 
·!·oKi.;it·v 
St.::,bility, hygr,,;copicity, to"icity 
Solubiliw 
Ga;;tric ~ib~orpti,):'1 
Activity, p!olonged prophy18ctic ~iic'ct 
Toxici'" 
Orli!,:Inoi~ptk propertii:, I 
Pl'olong~d act.ion , 
Stability, hygro;copici.y 
l'r()Jong~d acti()n 
ReclUc€d pain on injection 
Actiylty 
Orga.J:lc;leptic properties 
To~icity 
Toxidty 
Solubility 
Solubilil)' 
Solubility 
Solubility 
Solubility. Ilctivity, stability 
To:dcity 
Prolonged «ctio[l 
Stability 
Orgllnoleptic properties' 
Toxicity. stability, hygroscopicity 

Solubility 
Toxicit)', st~bilit)" hygroBcopicity 
Reduc~d p«in 00 injection 
To:dcity, faste~ O!1.;et of action! 
R(:duced pain 011 injection 
Organoleptic properti~s 
l)rolon!!"d action 
Organoleptic properties 
Prolonged actio!] 
Activitv 
Organoleptic properties 
Prolonged !!1ctiOl1 
Ab~o!'pti(jll (oral) 
PhyskJl5tatc 

51 
-" o. 
53 
54 
5:) 
56 
57 
.=;3 
59, 60 
61 
62 
63 
.64 
65 
61> 
67 

. 68 
69 
70. ,1 
72 
73 ,4 
75 
76 
77 

77 

52 
78 
79 
80 
61 
S2. 
61 
82 
62 
72 
83 
i2 
84 
68 
&5 
86.87 
88 
89 
6,9 
90 
91 

tjon, the relative toxicity, and the possible routes of ad- In one such study, methylpyridinium-2-aldoxiroe 
ministration (2). (pralid(lxime) salts were investigated (95). Thi:s study set 

In a review in 1960, 11iller and Holland (92) stated that out to prepare a salt 'With water solubility adequate to allow 
"different salt;; of the same drug rarely differ pharmaco- intramuscular injection of a low volwne (2-3 rol) thera-
logically; the clifferences are usually based OJ! the physical peutic dose. The original compound, the methiodide, ha.d 
properties." In a subsequent review .(93), Wagner ex- the disadvantages of limited aqueous solubility and high 
panded upon this statement, assertil'lg that, although the potential toxicity, since its high iodide content could result 
nature of the biological responses elicited by a series of in iodism. On the basis of physiological compatibility, 
salts ofthe same parent compound may not differ appre- better water solubility, favorable stability, and relatively 
ciably, the intensities of response may differ markedly, high percentage of oxime, the chloride salt ofpralidoxime 

The salt form is known to influence a number of physi- was selected for therapeutic administration;.it was claimed 
cochemical properties of the parent compound including that "the anion used to form the salt can confer physical 
di.ssolutiol1 rate, solubility, stability, and hygroscopicity. properties of importance and significance for the fonnu-
These properties, in turn, affect the av~.uls.bility and for- lation and administration ofthe compound" (95). 
mulation characteristics of the drug. Consequeritlv, thEL Some physicochemical properties of a series of mineral 
pharmaceutical industry has sy!;te;atically ei{gaf~~"i.ll"·~ acid salts of lidocaine also were determined (96). WhHe the 
extensive preformulation studie5 of the physicochemical hydrochloride and hydrobromide were more hygroscopic, 
properties of each new drug entity Lo determine the most they wer.e more soluble in a number of :solvents than the 
suitable form for drllg formulation. Published il1formation nitrate, perchlorate, phosphate, or sulfate salts. 
concerning such studie3, however, is sparse. Preformula- Dis50luti'JU Rate-The dissolution rate of a pharm<l-
tioD studies have been out.lined, and the influence of the ceutical agent is of major jmportance to the formulator. In 
salt form on t.he volatility and hygroscopicity of an ageni many cases, particularly with poorly soluble drugs, this 

.. . '- "ho.",,,to~id;1' h"'st r<,;flects the bioavailability of the com-
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pO\.lnd. As i3. rule, a pharmaceutical salt exhibits Ii high.?r 
dissolution rate than t.he corre;;ponding conjugate acid or 
base at an eqlJal pH. even though they may ha\'i~ the'! sarne 
equilibrium ~()lubility. The explanation for this result lies 
in the proce.)~e5 that cont.rol dissolution. 

Dissolution can be described bv a diffusion Inver modeP 
in terms of an equation developed by Nernst an"d Brunner 
(::ri.l: 

d.d
t
;.' = [~5 lC. - C,l (Eq. 11 

where ~y' is th8 mass of the solute dissolved at time t, 
d W/dt is the rat9 of mass tran~fer per unit time, D is the 
solute molecule j:liffllsion coefficient, S is the surface area 
of the dissolving solid, h is the diffusion layer thickness, 
C is the concentration of the drug in the bulk :;olution at 
tinle t, and C~ is the saturation solubility oftbe solute in 
the diffusion layer. 

The driving" force for dissolution in Eq. 1 is the difference 
between the- saturation solubility of the drug and the. 
concentration of the drug in the bulk fluid. If the dru~ i; 
not rapidly absorbed after it dissolves, then C, the con­
centration in the bulk solution, approaches c., and the 
dissolution rate is retarded. 'Vhen this occurs, absorption 
is "absorption rate" limited (or "membrane transport" 
limitedl. If the absorption rate is rapid (or if the absorption 
m;1$:; tr,:ansfe-r coefficient is much larger than DS/h of Eq. 
1,1, however, C becomes negligible compared to C" and 
dissolution occurs lmder "sink" conditions. Ab:>orption is 
then said to be dissolution rate limited, whkh is what oc~ 
curs with most poorly soluble drugs. In either case, an in· 
cree.se in C ... as in salt formation. increases dissolution. 

Salt.s often speed dissolution by effectively acting as 
t.heir 0\\11 buffers to alter the pH of the diffusion layer, thus 
increasing the solubility of the parent compoUlld, C~, in 
that layer over its inherent solubility at the pH of the 
dissolution medium. Hence, dissolution is controlled by 
solubility in the diffusion layer which, in turn, is deter­
mined by the pH of that layer. The influence of K~p On the 
solubility term, C.,. and dissolution rate, should an accu· 
mulation of ions be allowed to occur, will be treated 
later. 

Nelson (98).' in a study of theophylline salts, wa<; the flrst 
to show the correlation between diffusion layer pH and 
dissolution rate. The major impact that th~s study had on 
the pharmaceuticru. sciences was' its conclusion that, if 
other factors remained constant, the dissolution rate of a 
compouhd determined the rate of buildup of blood levels 
with time and the maximunl levels obtained. Those salts 
of the acidic theophylline with high diffusion layer pH's 
had greater in I • .'itro dissolution rates than those exhibiting 
a lower diffusion layer pH. And, indeed, the rank order of 
dissolution rates correlated well with clinically determined 
blood levels. Presumably, the higher pH in the diffusi.:>n 
layer retards hydrolysis of the salt, thereby maintaining 
the anionic charge of the theophyllinate. ion. This report 
led to many additional studies which illustrate the influ­
ence of the salt form on dissolution and the beneficial ef­
fects of changing nonionized drugs into salts. 

Juncher and Haascholl (99) demonstrated that th~rank 
order of peak blood levels of penicillin V, obtained upon 
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administration of threE' different salts and the free acid, 
was the samE' a; the rank order of their rates of dissolution 
ir. u·trO. \.vlUle the investigators ascribed the::e difference.> 
to the solubility propertie,;; of the salts, their experiments 
actually compared dissolution rat<!s. not 50lubilities. The 
rel2.tive order of dissolution rates and mean ma.ximal blood 
levels was: potassium salt> calcium salt> free acid> 
b2;1?athinl~ S?Jt. 

Nelson (101) detE'fmined dissolution rate5 for severai 
", .. eak acids and their sodium salts in media whose pH's 
rI':presE<llted GI fluids. In all cases, the sodium salt dis· 
~oh'ed more rapidly than the free acid. Thi5 finding reo 
solved the mi.conception that absorption of drugs is lE'· 
lated only to solubility in the appropriate medium; rather, 
solubility affects ab"orption only to th\ extent that it af­
fecti; dissolution rate. Absorption of drugs is a dynamic 
process, and the ultimate solubility of a drug in fluid at 
absorption sites is of limited consequence since absorption 
prevents the attainment of saturated .';olutioll3. Therefore, 
diiiiiohition rate, more than solubility, influences absorp· 
tion since it is a preceding process. 

In two subsequent studies, Nelson and coworkers fur· 
ther illustrated the effects of changing nonionized drugs 
into salts. A report concerning tolbutamide (101), a weak 
acid, showed that the initial dissolution rate of tolbutamide 
sodium wa~ approximately 5000 times more rapid than the 
free acid in acidic media and 300 times more rapid in 
neutral media. This difference, measl.lIed in vitro, reflected 
the differel1ce.~ observed between the free acid and the salt 
whel1 administered to human subjects. Oral administration 
of tolbutamide sodium produced' an immediate drop in 
blood sugar comparable to that produced by in~ravenous 
injection of the s31t, while the slowly dissolving tolbuta­
mide produced a smooth, sustained fall in blood sugar 
(102). 

Correlat-ion of urinary excretion rates and 'dissolution 
rates of tetracycline and some of its acid salts also wa.:: 
demonstrated by Kelson (103). The salts that exhibited 
greater in uitro disiiolution rates ~howed greater urinary 
excretion rates, indicating more ra.pid absorption. 

Be'!net (104), in a discussion of the biopharmaceutical 
basis for drug design, referred to the influence of the salt 
form on dissolution. He compared the dissolution rates of 
tet.racycline and tolbutamide and their salts, as reported 
in the studies previously cited, and eXplained why the rates 
differ at the pH's exhibited by physiological fluids. 

Although salt formation usually mcreases the dissolution 
rate of a drug. studies with aluminum acetylsalicylate (105, 
106), warfarin sodium (107), and benzphetamine pamoate 
(.108) showed that administration of the salt slowed dis­
solution of the drug and subsequent absorption compared 
to the nonionized form. This decrease appeared to result 
from precipitation of an insoluble particle or film on the 
surface of the tablet .. Such a phenomenon decreases the 
effective surface area and prevents deaggregation of the 
particles. Theoretical considerations of the processes 
controiling dissolution of an acid salt of a base (108) and 
the sodium ~alt of a weak acid (109, 110) in reactive media 
have been discU3sed. . 

Tablet processing and various formulation factors can 
decrea.>e the dissolution rate of a salt in human ga...ctric juice 
over its nonionized form (111). Granulation and.tableting 
~_ .. ___ l .t.l __ .1: ____ 1 .J.: , __ ...... ~. ,-,r ....... kr ..... /"',l-.""'!~l,i+':l' ~rMirlTT'\ +1") 



decrease but had tho? oppo5ite effect on phenobarbital. 
Therefore, as a tablet dosage form, the dissolution rate of 
the s(ldiumsalt was slower than that of the free acid. 'I'he:::e 
results were attributed to differ€:nce:s in the disintegrating 
properties of the tablets; in some inst.a.nces, rapid disso­
lution may in fact be 3 problem for very soluble drugs. 

Others have illustrated a phenomenon that decreases 
the dissolution rate of a salt below that of its l1Onionized 
form. Lin et al. (112) studied the relationship between salts 
and biological activity by dissolving three salts and the free 
ba!:\e of an exp~'rimental antihypertemive in water, 0.1 N 
Bel, and pH 7.2 phosphate bu.ffer. The dis501'ltioI1 rate of 
the monohydrochloride salt was lower than th<lt of the free 
base in 0.1 N HCnmd higher th311 the free base in both 
water and phosphate buffer. These aut.hors ascribed this 
variation to the common ion effect 8l1d subbtantiated it 
experirnentally. Although the biological activity of the 
mono hydrochloride was greater than that of the free ba3e, 
the implications of altered absorption characteri.stic-s on 
the activity of any other hydrochloride salt in GI fluids 
must he considered. Similar results aho were: reported for 
hydrochloride salts of some tetracyclines (113). . 

Some consideration must be given to the influence 6f salt 
formation on oral to:cicity, which often reflects the rela­
tionship between the in vivo dissolution rate and the ap­
pearance pf drug in the circulation (114, 115).l\>forozo",~ch 
et al. (114) showed that the rehitive toxicities of a series 
of salts of a drug reflect the rate of absorption, providing 
the salt-fanning agents themselves are relatively nontoxic. 
They stated that "when absorption is ride-limited by 
dissolution of the salt in·the gastrointestinal tract, as v.ill 
be the case with slowly soluble salts, the toxicity of a slowly 
dissolving salt will most probably be lower than that of a 
more rapidly dissolving salt." The implications of salt 
formation on tolticology will be discussed under Toxico­
logical Consl:deratioTl.:i. 

Several reviews dealt with the influence of the dissolu­
tion rate on drug availability and. in particular, salt effects 
(116, 117). Other reports' illustrating the influence of salts 
and salt form on dissolution rate are listed in Table IV. 

Solubility-Knowledge of the solubility characteristics 
of a pharmaceutical agent is essential. because solubility­
is usually an important factor in the pharmacokinetic 
profile, the chemical stability. and. ultimately, the for­
mulation of the drug_ As discussed previously, it is certainly 
a primary factor in controlling di$solution rates. The sol­
ubility of a compound depends basically upon the physical 
and chemical properties of the solute; e.g .. a lower melting 
point for a compound within a series reflects a decreased 
lattice energy. which would suggest a higher solubility. 
Solubility depends as well upon such elements as tem­
perature, pressure, solvent properties (such as resulting 
pH), and, to a lesser extent, the state of subdivision ofthe 
solute. 

An important solvent property which is often overlooked 
involves the common ion effect; in particular; hydrochlo­
ride salts of drugs often erllibit less than desirable solu­
bility in ga.stric juice because of the abundance of chloride 
ions. The equilibrium involved is shown in Scheme 1. 

K 
DR"Cn.ulidl ~ (DH·!·.loq + (Cl-)oq 

Scheme I 

Tllble rV-Additiona\ Refer~nce~ on Salt Form and 
Dissolution Rate 

Di;;:;ul'1tj.:,n r3te :Jf muture'; c,; weal; acids ;tlld tri:'!lS;c 118 
.c<llUID pho:;phate . 

Physir,IQFPcllava!J"bility ~d ill ;,itrC' ru:;:;"lutioll 11 ') 
Cb!lBc~eri:;tiC5 of EOO'le .;o!id d03~,;e fl>rrr.lll=tiol1o; of 
tUl:inosalicvlic 9cid lind it.~ salt..;. 

B~\'.lDhJ!ro5~(;I.ltk5. rate I)f dissolution: chro!lC'l!)d~al 120 
bIbliography . -

Biopha.rmaceu~iC.'i: r3te of di:;;ol11tio:1 in. uI:cr» :;.nd if'. !'it'" 121 
Di';;o11'JtiNI te.t:,,;;uld inlJ.·tDr~t3:ion of 3I'::ODlali,,:; observed 1')') 

in' the di3Eolution prL'ces:; of slllfaquLnoxali.oe b(l.5~':' all 
:.t..lt formation 

InilueOlc~ of the di~ol\ltion t;).te of li~hium tabtet; 0:1 side 12:) 
effect:; 

Dis.~o1111ti')1l kinetics of dnj~;: in hum all !:s:;tric juicel 12.;, 
Comparison of di,;soluti.)n !llld absorption ratt; of , 125 

different co=e:cial ilspirin t.a.blet.~ 
III uirro dis6o!u'.i"n rates of a.m.inore,; dosage forms (lnd 126 

their corr~llltion ""ith in c:iero avaibbillty . ------

considered as a means of increasing a compound's water 
solubility. As with dissolution rates, however, salt forma­
tion does not always confer greater solubility. Liberally 
dispersed throughout the pharmaceutical literature are 
studies that compare the solubilities of different salt forms 
.of the same cOll1pound with those of its free acid or ba.se ' 
(Table IV). Selection of the salt form exhibiting the desired 
solubility properties is critical, since these properties often 
dictate the formulation characteristics of the drug. 

Phase soh,J.bility techniques were used to study the for­
mation of cOIUplex salts oftriamterene (127). The results 
indicated that the organic acid salts of basic drugs, such 
as amines, were more soluble in water than the corre­
sponding inorganic (halide) salts. This consideration is 
important in the synthesis and selection of a salt form that 
wi.ll exhibit enhanced bioavailability and desirable for­
mulation characteristics. 

The hydrogen-ion concentration can significantly affect 
the solubility of a salt. Anderson (128) discussed the in­
fluence of pH on the solubility of pharmaceutical~. 
Mathematical relationship;; between pH and solubility of 
therapeutically useful weak acids and bases and their salts 
were given along with some considerations in the formu­
lation of solutions of these particular agents. 

All e~tensive study on the solubility interrelationships 
of the hydrochloride and free base of two pharmaceutically 
useful amines was reported (129). Mathematical equatiollS . 
describing the total solubility at an arbitrary pH in terms 
of the independent solubilities of the hydrochloride and 
free base species and the dissociation constant of the salt 
were derived and fitted to experimental data with good 
results. This report elucidated the point that. while the 
solubility of the ami:ne hydrochloride generally sets the 
maximum obtainable concentration for a given amine,' the' 
solubility of the free base and the pKa determine the 
maximum pH at which formulation as a solution is possible 
(assuming that the desired concentration exceeds the free 
base solubility). Shifting the pH-solubility proftle to higher 
pH values for formulation purposes may require increasing 
the solubility of the free base. This increase might be ac- . 
complished by using an appropriate cosolverit. Since the 
dissociation characteristics· of carboxylic acids and other 
acidic organic spedes are simila:r to those of organic hy­
(hnrhl(,nde5. it is expected that the pH-solubility profiles 
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of these organic a,jcis, although reversed, car: be charac­
terized theoretically using the same treatment. 

Several reports showed that the structure of an org-anic 
salt-forming radical influences the solubility of th'!! re­
sulting salt. The water !;olubilities of 16 salts (carboxylates, 
sulfates, sulfamates, and phosphates) of the weak base 
erjthromycin were dependent on the size of the alkyl group 
of the acid (130), In a study with ]\;-alh.)·lsultaruates of 
lincomycin (66), a similar phenomenon was observed: 
solubility of these salt.s decreased as the size of the alk-,·j 
group att-ached to the acidic function increased, '. 

Senior (131), in a study on the formulation and prop­
erties of the antibacterial chlorhexidine, determined the 
water solubilities of 35 ~alts and the free base. He found 
that inorganic salt.~ had remarkably low solubilities while 
those of the lower aliphatic acids proved to be somewhat. 
more soluble, Hydro::!ylation of the acid increased solu­
bility, since salt formation with polyhydroxy acids, p~u­
ticularly the sugar 'acids, conferred e:.;:tensive water solu­
bility to the molecule. 

S~vera1 investigators reported the influence of the sol­
ubility of a drug on its formulation and subsequent avail­
ability from the dosa.ge form. In a discussion of the prep­
aration and formulation of epil1ephrine salt.s in an aerosol 
sy!;;tem' using liquefied gas propellants, Sciarra et al, (132) 
pointed out that the solubility characteristics of the agent 
are important in two respects. First, the solubility of the 
therapeutically active ingredient in the v8.Iious propellants 
is an important consideration ifthe product is to be used 
for either local action in the lungs or systemic therapy, 
Second, the solubility of the drug in extracellular fluids 
plays an important role in selection of the compound, The 
bit8Itrate, malate, maleate, a.nd fumarate salts of epi­
nephrine were'prepared and subjected to solubility and 
stability studies. While all salts had similar partition 
coefficients, the s\1lubility of the maleate in several pro­
pellants and its stability in formulated aerosols made it t.he 
drug form of choice. 

EphedrIne hydrochloride was more rapidly released 
than the free base from theobroma oil suppositories con­
taining different surfactants (133), This enhanced rate of 
release (dialysis) was ascribed primarily to the greater 
aqueous solubility of the hydrochloride, which solubilized 
faster from the oil-in-water emulsion, whereas the 
ephedrine alkaloid base tended to remain behind in the oil 
phase, 

The solubility of the active ingredient in ointment bases 
can dramatically influence its diffusion properties, A study 
of salicylic acid and its sodium salt, showed that the dif­
fusion of both was very low from hydrophobic base.;;, 
whereas the solubility of the drug significantly affected the 
diffusion from hydrophilic bases. The more soluble sodium 
salicylate diffused much faster from these latter ba.3es than 
did salicylic acid (134). 

Additional references on the relationship of salt form 
and solubility are listed in Table V. 

Organole~tic Properties-Modern medicine requires 
that a pharmaceutical formulation be efficacious, safe, 
stable, and acceptable to the patient. Of primary impor­
tance in the development of oral dosage forms is taste ac­
ceptability. This factor p!'e;;enbi no major problems when 
the drug- is to be aciminist:ered as a tabl,et or a capsule and 
swallowed as a unit but is clearly a prominent factor in 

[Q 009 

Table V-Additional References on Salt F'orm and 
Solubility 

Topic Reference 
----------------~-------
bfl'Jt;'l(f. ,)f aolubility cj1\ :he r3te of G1 ab~o:pti(11l oi 13G 

usrir'r. 
Eff,'et of dOlXlge form upon th", GI ab~orptiCiIl rate of }:)i, 

;~i.:.yl~t,,:; 
Ph.\'si'~31-ch,·roi,;;.,1 proper tic, or poly~nc lIl.-"c!u1ide e5t~ro 1:)7 

~r.d th~ir w~tc:·"nhobk ~olrs ' 
hobtioo <iIld re,.c~ion prodlJ.:t; of o:otic !icia and amlnt.s 13c 

3:1d thei: ?oluDility ill w,n .. r 
Sol,":Jili.y sr.d ~wbUhy c-f ~rythromycin 331t:; n9 
,st'.Icii,"-, Oil phllru~,ceutical pr~p!lIation; of orotic acid: 14-.) 

w3~~:·3(1!\!bl.; pr(lp~rtj~" of orotic acid s:lil.; 
SoJ..:hility u[ ar.ti!)iotic; In 24 sojventa ' loll. 142 
S(>J.;b;[jt~' (of antibiotic;; in 26 solvent.. 143 

I , 
patient acceptability when it is to be 'ldministered as a 
liquid, chewable tablet, or lozenge, ' 

Since tasle is a chemical sense, a substance must be 
dissolved if it is to elicit a t~ste sensatio'n-either by taking 
it as a solution or by it') dissolving in the saliva. Therefore, 
one method used to minimize undesirable organoleptic 
properties of pharmaceuticals involves the preparation of 
a poorly soluble salt form of the drug such that the sat.u­
ration concentration is less than the taste threshold_ 

Erythromycin estolate (iauryl sulfate) has approxi­
mately one-twelfth the solubility of the free base, is 
tasteless, and is useful in the formulation of oral suspen­
sions (144), A study on erythromycin salts showed that the 
bittewess level was dependent on two properties: (a) the 
water solubility (If the salt, which is dependent on the 'size 
of the alkyl group attached to the acid function; and (b) the 
strength of the acid used to fonn the salt, i,e" the stability 
of the salt (130). The stearyl sulfaIllate salt possessed the 
most desirable organoleptic properties_ 

Many 'problems conc6wed with formulation and sta­
bility of topical and oral pharmat;euticals containing 
bacitracin have been overcome by incorporating bacitracin 
into the formulation as its zinc salt. One distinct advantage 
over the parent compound is its lack of taste, caused by its 
relative insolubility. Thus, it is the preferred drug form for 
preparations where t~te is a factor (145). Taste panel 
evaluations of the comparative bitterness of bacitracin zinc 
and bacitracin indicate that the taste of the zinc salt is 
more easily masked and'that the presence of a bitter­
ness-masking adjuvant, ~uc:h as sv.crose, increases the 
bitterne:;s threshold ratio differences between the two 
compounds even fUIther (146), . 

Propoxyphene napsylate, nearly water insoluble; is only 
slightly bitter to the t.aste as' compand to the highly 
water-soluble hydrochloride (147) and can be readily for­
mulated into a flavored aqueous suspension. The taste of 
these suspensions can be improved significantly by the 
addition of a common ion (sodium or calcium napsylate) 
to depress solubility further. 

A newer approach to the improvement of drug palata­
bilitv has been to form insoluble salts with ion-exchange. 
resi~s, Several investigators described and tested the 
practical application of this method (148-150). Spross et 
al. (149) outlined'the conditions necessary for improving 
the pa.latability of a drug by adsorbing it onto an ion-ex­
change resin without appreciably modifying its pharma­
cological effect,;,. They found that: (0) the degree of drug 
release from the ion-exchange adsorbate dep~nds on the 
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equivalent quotient between the e1ectrobic5 in the SUI­

rounding fluid and th8 ionic drugs, (b) the amount of ions 
is far le53 in the saliva than in the ~astric juice (the tem­
porary electrolyte contents can be estimated at 0.0,-) rnEq 
in the saliva and at 10 mEq in the gastricjuk~.), and (e) th~ 
exchange rates shoult;l allow the equilibria to be [;tttained 
within a fairly short perlorl. Inwlubl,~ drug re5;inate~ 
formed between dextran geP catioo exchangers and seyeral 
bai'ic drugs were in many cases much U1Qre plea.~ant t3stin~ 
than their parent comp(Junds. Furthermore. rele8Se of the 
d~ from the ion-exchange ad~orb8.te Wa3 quite rapid wid 
complete under conditions prevailing in the GI tra'~t. 

Similar findings were reported lJsing a polYIIlethacrylic 
acid ion-exchange resin (ISO). In addition, coating the 
adsorbate particles v.ith a 4:1 ethylcellulose-hydroxy­
propyl methylcellulose mi.:'(tme further reduced bitterness. 
\\'hi1e in vitro release from the l.ll1coated resinate was rapid 
and complete, release from coated adsorbates varied wlth 
the elCteot of coating. 

.Another approach to improving the taste properties of 
pharmaceutical agents is to prepare a pleasant-tasting 
soluble salt of a poor· tasting parent drug. This approach 
often can be very difficult, however, since solubllization 
of the parent compound usually impar~ its unpl~asant 
taste to the preparation. Nevertheless, some success h<ls 
been reported using the artificial sweeteners cyclamate 
sodium and sa.ccharin. 

As described earlier, formation of N.cyclohexyh;ulh­
mate salts of several drug sub3tance:s has produced better 
tasting derivatives with enhanced solubility properties (31, 
32). The physicochemical anc toxlct;>logical prOPerties of 
benzalkonium saccharinate and a series of saccharinates 
of other qua~rnary ammonium ·compotmds were reported 
(151). While conventional quaternary ammoniuDl com· 
pounds have a very bitter taste, their saccharin analogs are 
sweet. 

Potassium salts frequently pGssess an Wlpleasant taste 
and a metallic aftertaste. The palat.3.bility of some potas­
sium salts in flavored vehicles was reported (152); while 
the salts had similar taste thresholds at effective thera. 
peutic levels, all potassium salts exhibited inferior palat. 
~ili~ . 

Table III includes several samples of other salts tha,t 
exhibit an improved taste relative to their free acid or base 
forms. 

Stability-The chemical and physical stabiljty of a 
pharmaceutical must be known, because it can influence 
the choice of dosage form, the manufactUIing and pack­
aging, aud the thera,peutic efficacy of the final preparation. 
Systematic determination' of the thermal stability, solution 
stability (at various pH's), a.nd light sensitivity of a drug 
and its derivatives, both alone and in the presence of 
common additives, provides essential input toward se­
lecting the most suitable derivative and dosage form. 

Depending on the route of degradation, different salt 
forms impart different stability characteristics to the 
parent drug by various mechanisms. !vIost commonly med 
are sparingly soluble salts which, when used in the for. 
mulation of suspensions, reduce the amount 'of drug in 
solution and, hence, it~ degradation. Differences in hy­
groscopicity of several salt; influence the stability of the 
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drug in the dry state. In some ca",e~: the salt-forming rad· 
ical itself enhsnces the stability of the parent agent. 

The st.abiEty of penicillin G and its salts ha:> been v.idely 
studied due to the drug's therapeutic importance and its 
characteristic inst.ability. Schwartz and Buckwalter (153) 
described some of the stability characteristics of this an­
tibiotic. Et.ating that, ""~th present techniques, a solution 
of penicillin cannot be made stable for more than 2 weeks, 
eyen at refrigerator temperatures. They also discussed the 
use of 5uspemions of sparingly soluble amine salts in 
aq'.leou;,; vehicles as a means of "allo,,;ng marketing of a 
'ready-mad.?' penicillin product." Procaine .. benzathiue, 
and hydrabatnine salts are marketed, and their accept..'lble 
stability as aqueous suspensions i5 based mainly on their 
in~olubility and the minimization of degradation in solu-
tion. I 

A theoretical treatment of the solul1ility of these salts 
was prtesented in wbich equations were derived for calcu­
lating the solubility as a ftllction of pH and the pH of 
minimum solubility (154, 155). These equations are based 
on the Dlass action law and its relationsbip to the ionization 
CQnstants ofthe amine and the penicillin and the solubility 
of the salt in water. Since the salt in solution is partially 
dissociated, further suppression of the solubility may be 
achieved by the common ion effect. S .. ;ntosky et al. (156j 
demonstrated this effect with penicillin G procaine by 
adding procaine hydrochloride to the preparation and 
further enhancing its st.ability. The 8-chlorotheophylline 
salt (or cOfDple:!) of penicillin G was reported to be water 
soluble .. yet stable ill solution (157). Since 8-chlorotheo· 
phylline is acidic, it has been postulated that a buffer effect 
could account for the stabilization of this "salt." 

Vlhile penicillin G procaine is more stable in aqueous 
vehicles, it is less thermally stable than the sodium Or po­
tassium salts, decomposing if heated much above 60c 

_ The 
sodium and potassium salts are 1.1lown to withstand 
hea.ting up to 1000 for 4 days with little loss in potency 
(158). This behavior rnightwell be due to differences in 
melting points-vCz., 106 0 for penicillin G procaine and 
~215° dec. for the potassium salt. 

Since hydrolysis of penicillin is dependent on moistUIe 
content, preparations in which moisture is rigorously ex­
cluded are quite stable in the dry state. A study on the ef­
fect of moisture OD penicillin salts found the calcium salt 
to be less hygroscopic than the sodium salt and, hence, . 
more stable in moist a.tmospheres (159). Similarly, peni­
cillin G potassium is also much less hygroscopic than 
penicillin G sodiJro and has become the preferred form for 
marketing in the dry state (160). 

Several studies reported the relative stabilities of thi­
amine salts, particularly the hydrochloride imd the 
mononitrate (161-163). The mononitrate is observed to 
be)e:ss hygroscopic and is accordingly much less water 
soluble than the hydrochloride. Investigations of various 
preparations including compressed tablets, multivitamin 
capsules, and dry-filled vitamin B complex capsules at 
various temperatures showed that the mononitrate was 
more stable than the hydrochloride (164, 165). The sta· 
bilities of numerOUS thiamine salts were studied in aqueOl)S 
solution and in dry powder preparations with various ex-' 
cipients (166, 167). In aqueous solution, the resulting pH . 
was the chief factor controlling hydrolysis and oxidative 
decomposition of thiamine salts; their stability as powder 
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Table VI-Addi\.ional References on Salt :Form and 
Stability 

Topic ---------------- Reference 

170 
171 

, ,172 
. , 

,: ; 
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Table VII-Additional References on Bioavail:l. bilit.y and 
Formulation Effects 

Efftct-; of '/!iI'k'1)o .ubst;""ces L'll tb: "bs'J[ption bf 
tetr~c'/cline in rat.; . 

Eff<,ct.3 or do"".e form up·,h the C.! ;;b~orpt.i(ln [3cO:' A 
aalic)'lat~~. " _ 

Dett.!"!lllnstion of in, l'!"ll(1 .):1c' u:. l;t;rJ :~1t;.3.~:? or 
thc('pbyllinc flrnirioi~ub<;::?I101 in "pwl':on;;eci-a':tion 
sy~t",m ." 

I,)n-e:-;chilli\''' rei;:n ;<\1", f,c: oral t.,~ri!pj"; c:.rbJno"~ll\~ 
L_!_nti.:..t,'l"-,n or dihydroHreDtcUlycin by pan\(l.;.te 

IOrtn3tJGn 
Solid-out. opht.halmic d()"a;~ sy"tems in ~ffectiog 

prolo"g~cl releaSe of pilocarpine in the ,ul-d~-s,\c 
Absorpti'Jn of erythromyci:J; variou$ ph.~nn"c!:Ijt.ir;~1 

forms 
Comp$rativc study of th~ absorpti;;on of drup fro!Il old 

and n~w r.;ct-ll pr~pi1:ations 

10? 

1, 

Formulation Effects-ChoicE; of the salt form of a drug' 
may have a pronot1l1ced effect on the formulation of the 
pareDt compound. For example. Fenton alld Warren (194) 
found there was no release of IDedicament from proflavine 
cream BPC, a water-iD-oil emulsion containing. 0:19(­
proflavine as the hernisulfate salt. They also investigatec 
the release of various salts of proflavin& wit.h aliphatic 
carboxylic acids from water-in-oil eream emulsions. Sa1t.~ 
formed 'With the wHter-soluble, oil-insoluble "lower" acids, 
such as formic and acetic acids, showed very poor release 
frOID- a water-in-oil cream. The "higher" acid salts (e.g.) 
n.-valeric, caproic, cydohexane;;arboxylic, /L'1d caprylic), 
all showed increased diffusion from similar emulsions since 
these salts are soluble in both water and oil. Their release 
was even greater from oil-in-water emulsions,however, in 
agreement with their preferential oil solubility. The n.­
valerate salt provided the most effective water-in-oil 
cream. The primary factor responsible for diffusion of 
proflavine from a water-in-oil cream i'5 the low hydro­
philic-lipophilic balance conveyed to the salt by the acid. 
This finding illustrates the desirability of carefully se­
lecting thE' s:!lt anion of fl. <"J'lti('lriic drug in lieu of the nature 
of tht: dosage form. 

Studies of the effect of formulation on the bioavailability 
of warfarin sodium relative to warfarin yielded int.erestinsz 
results (107, 195). Absorption ofw3l'farin upon adrninis~ 
tration of the sodium salt as a lactose-base tablet was no 
better than that noDi a simil3l' IormulatioD of the free acid. 
In fact. absorption was further depressed when the salt was 
formulated with starch instead of lactose. Later results 
indicated that the in vitro water dissolution rate of a 
warfarin sodium tablet was 350 times that of a slowly dis­
solving warfarin tablet formulation, yet the latter exhibited 
rapid and complete absorption in uivo. The virtual in-

• ~ "" .1' ' •. _~.& __ !_!_ "rt~.A:1\ "~C'+,.;", f1111tlQ n~Qr-l11r1~tlltc:: 

cukium carba..spirin from s€nral ~tlppo,;;itory bases was 
st'Jdied in dogs (196). Th~ ab!';orption of aspirin aluminum 
fr.m', eitht:. COC<:03 but:er or a polyethylene glycol base was 
poor, \v'hile thl? maximum sflli(;ylat~ level~ produced by 
aspirin and calcium carbaspirin from the cocoa buttEr ~ase 
OW).1'red at a later time than frum the oth<::r bases studied. 
minimal plasmii le\'el~ were exhibited by a polY!iorbate 61 
bRse furmuhtion. The hi>;hest peak and iargest arc'a UIldcr 
the blood levei curve we~e seen with calcium carbaspirin 
in " veget.able f,ltty acid glyceride ba;;e. The poor aL:;orp­
tion of aspirin aluminum from suppositories was not 
unexpected since it is pourly soluble. furthermore, as , 
pointed out for aspirin aluminum tabl8ts (105, 106), an 
insoluble aluminum compowld n-iay for~ on the surface 
(If thE' di~sohing drug, further impE:ding it.:; dis .. olution rate 
and bio<lvailability. 

Additional references on bioavailability 8.lld fonnulation 
effects are given in Table VII. 

Absorption Alteration-Several years ago, clinicians 
claimed that certain salts of theophylline were therapeu­
tically preferable to other salts or to the free add (20:2-
204). For example, Schl1Jger et ai. (204) found higher blood 
theophylline levels after administering uncoated tablet.-> 
of th~ophylline ethylenediamine than were observed with , 
enteric-coated tablecs of choline theophyllinate. Th.ese 
results were at varianc€; ",;th the in uiuo work of Gaglia.'1i 
et al. (202), who found that the oral ingestion of choline 
theophyllinate produced significantly higher blood levels 
than the ethylenediamil1e .salt. This apparent discrepancy 
could be explained by the formulation effects of tabJet 
coating, etc., which was not di~cussed in the work of Gag­
liani et al. In another study, a slightly more rapid rise in 
blood concentration and a greate.t' area under the curve 
were observed with theophylline isopropanolamine than 
with theophylline ethylenediamine (203). It was suggested 
that the difference was a result of the greater water solu­
bility of the isopropal1olamine salt. 

The in tiitro dissolution rates of the choline and iso­
propanolamine salt.s of theophylline have been observed 
to be three to five times greater tnfui the ethylt:nediamine 
salt, depending on the dissolution medium (98). It has been 
suggested that these differences in dissolution rate are 
consistent v.ith, and offer an explanation for, the clinical 
results. . 

In a comparative study of the absorption of ampicillin 
trihydrate and ampicillin pot.assium following oral ad­
ministration (205), the potassium salt yielded 37% higher 
pea);: levels and a larger 3l'ea under the curve. Only 36% of 
the administered ampicillin trihycirate was absorbed while 
53% of the potassium salt was absorbed. Determining the 
percentage of each drug eliminated in the urine showed 
t},,,t ~CWn ~;i'I"- pliminM.p.rl fnllowin!i!' admi~istration of the 
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mulliple dosing (207). This fmding i:; expbi.ned by the fact 
that thi5 salt is acid ;;table and alkaline di33l)ciahle, per­
mitting its paS3.ige through the acid of the stomach both 
in fasting 311d nonfa;;ting subjects (209). Accordingly, the 
ant.ibacterial adi\;ty remained essentially the ,ame when 
this form of erythrl)mycin was: g1\'en, regardle~s of the state 
of fm;ting of the slJbject (209). 

On ftrst in;;pt:,ction, the higher serutn le\'81, attained with 
eryt.hromycin estobte suggest tkit the salt form is murE.­
readily absorbed. Al30 critical to efficacy, howeVer, is the 
volurde of distribution of the clr,,~, since ext.eruiw binding 
to plasma prc.tein:; can render a drug unav3i1able for ac­
tivity at. the bioph,'tEe. Therefore, the si~u.fic311ce of blood 
level·data <,teat.lv depends on the measure of the free or 
unb.)und f;actio~ of total antibiotics in the blood, which 
r;:l.I)re directly indicates probable therapeutic benefit. 

". Wiegand and Chun (210) showed that, despite the 
higher blood level::; attained v,.;th erythromycin est.olate 
(aJter correction for half-life differences), the stearate salt 
produced seven times n10re free drug in serum than did the 
estolate salt. This finding e:,plcined the higher total tissue 
levels obserVed on administration of the stearate_ They 
attributed the difference to a greater serum protein 
binding ofthe intact erythromycin estolate, proving that 
its higher serum levels did not necessariiy reflect more 
efficio;nt absorption. 

Marked differences have been observed follo·.ving oral 
administration of various salts of pe:1icillin. Penicillin G 
potassium has been compared with penicillin G benzathine 
(benzethacil) (211,212), penicillin G hydraba.mine (213i. 
penicillin V (214), penicillin G procai.'1e (212), and peni­
cillin G 3IUm,)nium (215). As anticipated, penicillin G 
potassium produced higher and earlier blood levels than 
penicillin G benzathine (211, 212). Furthermore, tablets 
of penicillin G potassium buffered with sodium citrate 
yielded higher peak levels than unbuffered penicillin G 
potassium. While the absorption of buffered tablets was 
apparently not significantly affected by food intake, the 
unbuffered tablet.s yielded lower average levels and ir­
regular absorption under similar condit-ions. 

When penicillin G potassium was compared with peni­
cillin G hydrabamine (213), a less soluble salt, blood levels 
similar to those produced by penicillin G benzathine were 
observed. When equivalent doses were adnlinistered, the 
p€:nicillemia that 9ccurred with penicillin G hydrabamine 
w~.s only one-third or one-fourth as great and was of 
shorter duration than that produced by penicillin G po­
tassium. 

Budolfsen et al. (212) found that. peak concentrations 
of penicillin G potassium were three to four times those 
obtained with penicillin G proc~e and five to six times 
those of penicillin G benzathine, illdicating a more rapid 
rate of absorption. The therapeutic action was related to 
the maximum concentration attained, but it also depended 
on th'e persistence of penicillel.nia, which was greater with 

. penicillin G potassium than v,.;th the othe.r two compounds. 
The authors suggested that the lower blood levels attained 
with t.ha relatively insoluble penicillin G benzathine were 
caused bv its destruction in the GI tract prior to absorp­
tion. Tlis suggestion seems unlikely, however, sUlce the 
drug shQuld not degrade <';ery rapidly 8..,; an undi"sol,,-ed 
suspension. 

V produces hi~her blood penicillin levels than. curre­
sp.)nding dose.; of penicillin G. As a result, extensive. in­
vestigations have been conducted with various scl.u of 
pe:nicillin V (99,214--220). For instance, tablets, capsules,' 
and oral ;;uspensions of penicillin V acid produced signif­
icantly higher blood concentrations than c(lrnparabl~ 
penicillin G preparations (214). In the same study, the 
averc1ge serum levels produced by the beD2athine salt of 
penicillin V were significantly higher than comps.rable 
doses of penicillin G benzathine for the first 4 hI' but lower 
thereafter, again illustrating the volue of using an in.sc.lu ble 
salt. to prolong blood leyels of an acid-unstable c(impow1d. 
In another study (215), penicillin V acid was shown to 
produce rugher and more prolongt::d plqsma co~celltmtions 
than either penicillin G potassium or'runmoniuro, wh05e 
properties were comparable. 

Plasma levels were correlated v.-i.th dissolution rates of 
variousfQrms of penicillin V (99). As 'solid dosage fonm, 
the readily soluble potassium and calcium salts produced 
earlier and higher blood levels in fasting subjects than ei­
ther the freE: acid or its benzathine salt. On the other halld, 
when the potassium and benzathine salts were adminis­
tered orally as solutions, absorption was the same, implying 
that the poor solubility of the benzathine salt was re­
sponsible for the inferior blood levels obtained from its 
solid dosage forms. Other studies found that, while the 
potassium salt is 40% better absorbed than the free acid 
in fasting subject:!, both forms produce therapeutic levels 
when administered with food (218). 

Experiments with flstulated dogs indicated that peni­
dllin V is absorbed primarily from'the stomach. Therefore, 
it is not surprising that the potassium salt should show 
higher blood levels on oral administration since it is the 
mQst soluble salt in gastric pH (216). In accordance v,.ith 
this observation, it was also reported that the benzathille 
sal t exllibited higher serum levels in patients with gastric 
achlorhydrja (pernicious anemia) than in patients wit.h 
normal gastric function (219). Differences in gastric 
emptying time may aJ,so explain this result. 

Several studies compared the absorptior. of tetracycline 
and its salts (103, 221, 222). For example, serum COllcen­
trations in dogs and ·humans showed that a phosphate 
complex salt of t.etracycline was absorbed more rapidly and 
gave higher blood levels during the first C-8 hr than did 
tetracycline hydrochloride (221). The total amount of drug 
absorbed was about twice as great with the former com-
pound. . 

Another study (222) suggested that tetracycline base 
produced higher blood levels than tetracycline hydro­
chloride_ However, a subsequent investigation (223) 
showed that, in the absence of adjuvants or fillers, tetra­
cycline hydrochloride and tetracycline base were absorbed 
equally well. Results obtained in this same study indicated 
that tetracycline hydrochloride encapsulated with citric 
acid produced higher serum concentrations than tetracy· 
cline hydrochloride mixed with hexametaphosphate or thE 
phosphate complex salt of tetracycline. 

In a study comparing urinary excretion rates and itt uitrr 
dissolutioll, the !l.bsorption of tetracycline and tetracyclim 
phenolsulfonaphthaleinate was rate limited by their dis 
50lution rates, whereas tetracycline hydrochloride ab 
sorption was rate limited by the absorption process itsel 
(1 rl:~) 
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Sf;\'eral lincomycin salts were studit-d for their com­
p(lrative availabilit.y (224). In particular, the blood level.:; 
obt.Jir.ed with the relatively ~\'ater-insob;ble hexadecyl­
sulfamate salt 'werE; compared to tho3e of tbe hydrochloride 
fClllo\\ing oral nclminis~ration. Hif;her,and exte,lded whole 
blood and serurn concentrations were obwined in mice, 
rat.,. and do:;;; wiTh the. he;{adecylsulfamate. Howev'er. 
s1.ibcutaneously· admini:;tered lincomycin did ne,t produce 
significantly differt-nt· fracc;ion5 absorbed. regarcile.s3. of 
which ~.;l.lt was a.dministered. It is :not kno,,-n whether the 
g-reater area under the curve 'i'.rith oral udministratiun of 
Dn,x,rnycin hxadt'cylsI.11famat.e i.5 due to greater absorp­
tion from the: G I tract, ~IQ\ver renal cleaIEmce, e.r greater 
entl?rohepatic cir,culations. 

Salts of streptomycin, neomycin, viomycin, and strep­
tot.luycin have been formed with: (a) polyacryJic acids, (6) 
sulfonic Or phosphorylated polysaccharides, and (c) nat­
ural poly-carboxyl acids from a series of polyuronic sub,­
stances and polysacchaxicie derivatives cont .. .'~ining carbo:.:yl 
groups (18). The report indicated that these salts were 
absorbed from the injection locm, primarily by the lymph 
system. Blood levels from the salts we.re generally It)wer 
but were maintained for a longer time t.han the equi .... alent 
am01.mt. of antibiotic alone, and higher concentratiohsof 
longer duration may actually be produced in the lymphatic 
drainage. 

The ipt1uence of salt formation on the onset and dura­
tion of pharmacological activity also was illustrated 'i'.ith 
tolbutamide and 5everal of its salts (101). Followin~ oral 
a.dmini!Otration, the sodium salt produced a Tepid de~rease 
in blood sugar level followed by a rapid recovery. By con­
trast, the free acid of tolbutamide ca1.\sed a slow an.d pro­
longed drop in blood sugar level, a preferred effect since 
the chance of hypoglycemic shock would be les::;ened. Tills 
fInding abo illustrates the often overriding influence of the 
actual disease state on the choice of drug form. 

Additional references on the implications of salt for­
Iuation on absorption are listed in Table VIII. 

Pharmacokinetics ........ Because of the various new 
properties that aJ'e usually imposed on a compound by salt 
formation, the pha:rmaeokinetics of the drug necessarily 
(~haJlge as a function of these properties. 

FOT example, a pharmacokinetic evaluation comparing 
ampicillin sodium and potassium with ampicillin trilly- . 
drate was performed after oral administration to beagle 
dogs (743). The ab!iorption rate constants of the sodium 
and potassiUDl salts, which were similar, proved signifi­
cantly greater than the rate constant of ampicillin trihy­
drate, resulting in earlier, higher peak concentrations ... :ith 
two to three times higher serum concentrations during the 
1st hr. Yet, any differences between the fraction absorbed 
for the three products were not statistically signifIcant. 
Apparently, although dissolution ofthe arnpicillin trihy­
drate was the rate-limiting step in its absorption, the 
overall extent of bioavailability remained unaffected. 

An interesting study of the 'biliary e:tcretion of eryth. 
romycin base 3.11d erythromycin estolate was reported 
(214). The biliary e:!cretlon of erythr(lluycin base was high, 
whilE' that of erythromYcin estolate was much lower; 
preferential secr~tiol1 ol erythromycin in the bile could 
partially account for the lower serum levels exhibited by 
the basE:. How€ver, the proportion of the ingested dose 
<.,.('~"tPr1 in tho hill? was small, and the total amounts in-

i4]Ol-1:0;!O 

Table \'lII-Adclitional Rcferenc~5 on Bioa\'aila{~tY 
and Absorption Alteration 

/' Topic Rder"nce ----------------------
Bloc;d I~\·d; prc,duced by th:.;.;. th~..,phyUin~.col1l1ir.ing 

elhic: 
>I"prC'~.o N·~I ~bf;Drpti(;n c1HICtcted.;tics 
Effect of io.)d nn gb~ ... rpti.)l1 (.i.'l. n~w form (.f 

ery,hro:.mycin prl'pi'ilntt 
Ef:ecc 0: the a..,ion 'll] tho:' ab"D~ption of toetr3c:,dine froI:: 

the r~t ;;t';"':~ch 
Blood le'"el~ fdbwint: or31 ~dlJOini~:rution of difrEr~nt. 

P:·:-PJ.nt:o:1' L·f M·.-co!)'"cin 
Abs(,r£tion ~f iL'pc.n.)k acid a...,d it;; ;'idiu'll !;.;.h 
Orul ,1 ,,;.)rpt:on of 'o"cGha:bital (quin,Jb,\,bi:or:=) ar:d it; 

:;.:.di\]lD ,.;..!t 
." h,;"rptio,", r~te Qf biUbitu;ates in hu:n:!n~ 
\!c,rphinc and at:opin~ C1K.:\te 
Excreti()n (If beph~niljCl oJlt; in urim; of hum:m 

vulunt?er.; " . . 'I 
Polyrndhylen= b]~(I>Otluur»mum) sallS: antituberculosis 

!lcti\ity 
Prolon;;-ed antitussive sct;on of Q re.~in·bound O<)sc..'\pin: 

pr~p:H~l~'Jr. 

Pn:umacolog'J of .;ulfapyridine and ;uliathiaz"le 
EV.'l.luation of p~cna con.:entratians of propoX'JPhene 

utilizing ~ hybr;d princiP31 component :lnalysi= of 
vilti(Ulce tech!Iique: equimol.a.r dOSeS 

Antrycide. a new trypanocid[J drug 
Pralidc.ximo:: Ul~t.h3ne.;ul[I)Mt.e! ph';;rua levels and 

ph3r:mlCo1:inetic~ aIt",r or.,1 sdministrlltioll to hUI!lilnS 
Inte~tjncl abaorption of pralidoximol QIld other aldoxillle!; 
Blood plllsD1a leve],; lilld elirnin.'l.tian of salt.; of 
. pr!ilido:drnc !2,PAJ\{) i:J human. after oral 

acitnini,;tr.'l.ti'Jn 
EnhancemEn l of GI ab50rption of a q\l"terniU'( 

ammoniulll cor.,pound by t.richloroacet!!te . 

lSI) 

225 

229 
230 

2:n 
2·'" ,;'1..:-

233 

234 

2:39 

240 
241 

242 

voived were'not sufficient to account entirely for the dif­
ferences in serum concentrations attained .. Undoubtedly, 
the protein binding studies of \Viegand and ChUll (210) 
(discussed under A.bsorption. Alteration) more satisfac­
torily explain the difference in serum concentrations. 

Often, salt formation can be used to modify drug ab­
sorpt.ion and dose tolerance favorably. For example, ami­
nosalicylic acid exhibits a short half-life and, therefore, 
requires large and frequent doses which may cause gastric 
irritation. Conseq ueotly, different chemical forms such as 
salts have been prepared (119,245-247) to reduce the in­
cidence of gastric irritation, increase absorption, and 
prolong blood levels. 

Aminosalicylic acid is an interesting example in other 
ways; considerable confusion about this drug exists be­
cause many fail to recognize its nonlinear pharmacoki­
netics. Several definitive studies were reported regarding 
the absorpt.ion of the acid and its sodium, potassium, and 
calcium salts from solution, suspension, and tablet for~ 
mulations (245, 246). Comparison of the relative 
bioavailabilities of aminosalicylic acid suspended in water 
and its salts dissolved in water showed that. while differ­
ences in rate of absorption were found to exist, absorption 
of both the acid and it.., .salts was essentially complete. 
Absorption of the free acid from tablets reached only 77% 
of the dose, whereas that of the tableted salts was rapid and 
complete. 

Regardless of formulation, the area under the plasma 
concentration-time curve of unmetabolized drug frum free 
acid administration was less than that for the salts, This 
result was attributed to concentratioll-dependent me­
tabolism during absorption: when the rate of absorption 
is high, the metabolic processes become saturated and 
more unmetabolized drug remains in the blood; conversely, 
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TlI.ble IX-Additional References on I3i'Javailahility and 
Fhtirruacvkinetics . 

Top:...,i_" __ _ 

Phaf!!lg;:(\d:rnam i/~~ (If f·:,:= [OJ"ftyc ir:. (p h·)5P hun'~ClYC:\"'j I =.ft~ r 
intra"cnol); admi11i;trstion t..;. hUL::.,,,.; 

Ph3rmu('(ldiT'3.rTlil..'~ of 9ho.3pho~~'mj·dj\ .lfl2r (Ir:.1,1 
admini5t!a~j('n i.I' h~'\Jn~ 

Compnr:"tt.ive atlld!~.; JC cli5t.rib'l~i·Jn. e~cro::til)tl, ... 1.nd 
ml:'<lboli"rn oi ;H·h::dro:<·yztn<· :tlld i,,, IJC·l:li~tl:i:.C:d-: 
in E\t.; 

Phllrll\~cokin~ti,:'\ of ~::Ir;,icillin trihydnt.:. ',l:;lpi.oillin 
50dium, and dic\rJ:<l1cillio ;uliulr. fc.ll':·\l;jn~ 
inti'3mu::ClJbr ir~j':c~hn 

:250 

,'':<1 
-'.'-Fb\'~iQl~j~ic~ d~sPG=ition of fdl!,,)prof:n ii1 hUiT!;;n::; 

ph.lrmscol;il·Letir: C(lmp:!rlson or c3.1.:iU.1H ~:ld ::t~JilJ~' 
"sIt:; adlllil)i.l<:rcd' Qrilly 

~~~--------------------------

when t.he ab30rption tate is low, ~s for the free acid. a 
l:igher percentage of drug is me~ab()l.ized, 
" Addit.ional refE>rences regarding bioavailability arid 
pharmacokinetics are presented in Table IX. 

GEKESAL PHAR;\L\CY 

Pharmacological Effect-Chlorpromazine ·hydro­
chloride and quaternary chlorprornazine chloride' ,were 
inve~tigated with respect to their effects on the central 
nervOUs system (eNS) (253). The quaternized compound 
was less potent and more toxic in rodents than the parent 
tertiary compound. 

Naloxone, an effective opiate antagonist, is generally 
used as the hydrochloride salt; however, the drug has a very 
short duration of action. The mucat.e .salt was prepared to 
extend its duration of action,. since' mucic acid i3 only 
slightly soluble in water (254). In a test on the blocking <;If 
morphine. activity in mice, however, the mucate .;alt did 
nClt differ in duration from the hydrochloride. These in­
vestigators a.ssumed the same receptor site for naloxone 
as for morphine and, since Heron's (232) work suggested 
that the receptor had a greater affinity for morphine mu­
cate than for the. free base, it also should have a greater 
affinity for naloxone mucate. The results 'disprov"d this 
hypothesis. Furthermore, this theory implies that intact 
salt reaches the receptor, which is highly unlikely, re­
gardless of whether the drug is administered as a solution. 
or as a suspension. 

A series of salts of 9.aminoacridine and its derivatives 
was prepared and sr;reened for antifungal and antibacterial 
activity (255-257)'. By using 3alts of fatty acids, the an ti­
fungal action wa.> fOlllld to parallel the length of the carbon 
chain of the anion, with maximal activ"ity occurring with 
acridine caproate, lmdecylate, and undecylenate (where 
undecylenic acid also exhibits some intrinsic antifungal 
activity) (255). This result appears reasonable, because 
these salts would be more lipid soluble and could be ex­
pected to pass through the cell wall of the infecting or­
ganism more readily, probably as an ion-pair. 

The efficacy of bases or salt.> as topical anesthetics for 
relieving cutaneOU$ itch, burning. and pain in unbroken 
skin has also been examined (258). In these experiments, 
itching and pricking were induced by an alternating cur­
rent of low 3D.1Perage and voltage applied to the skin or by 
exposure of the ~ki~ to lJV light. Interestingly, aqueous 
solutions of salt!) ()f the local anesthetics did not alleviate 
itching or burning in allY of the subjects, although satu-

~ ',' _~ ~,. '.:_ L...,_ .. _:' .... '*' _.: •• ~, ........ "...r. ....... __ 4-_._ Arl()~ 

IL( S-
Table X-Additional Ref~rences on General Pharmacy 
and Pharmacological Effect 

--------------------
Dlt'f~r~!ltj~ t:«r~ti·:1n of brrJ.a::idt \l\~d chloridt- ion~ ~nd it~ 

ralt.- in hromide r~t(;'n~ion 
PhurUlac::olo~cal £tudy (If c~lcium c:C'thi:)n3t~ 
.s·{l!thed, arid ir. ~li~I\; flJn~jstat!c c·,·!i.lu'\d?!l of "Ol:l~""" 

. sul);\ituted ~mideS ".nd "min~ s!i.lt.; Col' sorbic a~id 
.lu!ti9.JJl.;bic ;';'ldi~~ on d,iITlC)x:'quin [5.chlv~o·7·[l(3. 

dii:thyhnjnopropyl\(\mi:1oJm~thyII·5.q·~ino!ir.oll ill 
l!i:rn god in t):perirnentilly inf~ctcd snimah 

Adjuncti-,e -;!il1l~ of (Jr,.! P~<:lpr:yhLXi, with the oxitnt; 
p'·:llido:-;i..t::J~ (2·PATvl) laetutt Iltld pr~lidux.irue . 
meLh=,,~ljU0n,:,t~ to therap~'.\tic admini,tru,ioti of 
:It:vpi!le in do?; poiaoned by inh.;.l~d 9arin vl1por 

Pralido!.lm? f2·hydro:o;yimiJ\(.m~t.hyl·N· 
n:.€th,~'lpyridir:iu~) m""that1~.;lJlfonatf· ".nd :lt~,)pine in. 
th.? tre(ltmi!nt of ~"Wri' ,)r~ .. noJpho~ph'lte poilflI:in~ 

Effic.,,\cy ~nd limitations of o:o;.ime-atropine treatment of 
orgJnopho~ph')fLlS antichol.iM£tera;.; poieonhlg 

Antitu,;;;i\'s .. dh·ity 1)1' ;1rto:o;oloM (glycynhetinic Ilcid) and 
its denv!lti'les 

PhJ.."!1lscological proper:i~s of gl;;crrrhetinic acid 
hydrogen sued nate (di~odiurn 5illt) 

Gangliollic hl()ckir.g activity of dill.<tereOIDeric 
dimethylaroinobornyl acetates and their methiodides 

A new potent nonnl1rcl)~ic antitus~ive. I-methyl-3·[bi3(2-
thieny!)mr;thylenelpiperidi.o~; pha.rmllcolog)' ana 
clinical cfr1cacy . 

R~i"rence 

253 

21JO 
261 

262 

263 

265 

2ti6 

267 

2GB 

269 

. alcc·hol, and 1(f,'1, g],;cerol were claimed to be effective~ Such 
transport phenon;ena across the stratum corneum ale 
often dependent on the polarity of the drug and vehicle 
and on the binding of' the drug to keratin. 

Additional references on pharmacological effects can be 
found in Tabl." X. 

Dialysis-Dialysis through a cellophane membrane of 
the hydrochloride or sodium salts has been studied with 
several drugs (270). In many r;ases, it appeared that the 
ionic form of the drug was bound to the membralle whereas 
the nonionized' form was not. Ephedrine hydrochloride 
presented an intere!>ting example, however, since it di-

, alyzed considerably faster than its corresponding base. It 
was theorized that the chloride ion dialyzed rapidly, en­
hancing the rate of dialysis of the ephedrine ion. Accord­
ingly, when chloride ion wa.; present on both sides of the 
membrane, the observed rate of dialysis for the ephedrine 
ion wa.> comparable to the ephedrine base. 

The diffusion of sodium chloride through a lipoprotein 
interface was very slow, especially if calcium chloride was . 
present on both sides of the interface (271). In the pre~eIl:ce 
of low concentrations of choline chloride or' carbamyl­
choline chloride, the diffusion of sodium chloride is more 
rapid. Apparently, choline salts are able to increase the 
permeability of the lipoprotein to salts, which may relate 
to the physiological action of choline salts. 

Miscellaneous-Release rates wefe determined for 
aminophylline, ephedrine alkaloid, and' ephedrine hy­
drochloride from.theobroma oil suppositories containing 
Donionic sltIfactants (133). While surfactants with hy­
drophilic-lipophilic balance (HLB) value.; less than 11 only 
minimally affected release rate, rates increased with sur­
factant::; of HLB values greater than 11. Under optimal 
conditions, aminophylline was faster than ephedrine hy­
drochloride which, in turn, waS superior to the ephedrine 
base. 

'Willis and Banker (272) reported on the formation of 
polymer-drug salt.,; as an approach to the physicochemical 
rl~r.;.,.,.. "f ,1 ".-"..,.~ f",~'r,c Pn h,(.,." ",+},,/1 "invl ether/maleic 
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anhydride) salts of methapyrilene were prepared and 
tested with the free base for in l.'itro dissolution and dial­
ysis. Their dissolution and dialysis rates were not appre­
ciably different from the free drug or its hycirochl(.ric1e ~alt. 
Various poly(methyl vinyl ether/maleic anhydride) hern­
iester salts of meiliapyrilene exhibi~d subst.antially· slower 
release than the polymer ether salts. hydrochloride salt. 
or fre~ base forms. Polymer-drug salts thus appear to bav~ 
promIse. 

A series of metallic salt.<; of edetic (ethylenediamine­
tetraacetic) acid were tested in t:itro to d~termine their 
effect on blood coagulation (273). The results showed that 
only the dipotG$:;ium and disodium salts bad any effect on 
coagulation. It was theorized that th~ lack of anticoagulant 
acthity result.ed from an almost complete suppressipn of 
ionization of the heavy metal salts. . 

Interesting research regarding the angina-preventive 
effect of some chromone-2-carboxvlate salts showed a di .. 
re~t correlation between biological-acti .... ity and pKa of tbe 
salt-forming runines (274). 

Lin et at. (112) investigated the relationship between 
salt form and biological activity of a given antihyperten­
sive. \v"hile the intrinsic dissolution rate:; of the diliydro­
chloride and disulfate salts were many fold greater than 
the monohydrochloride. the hypotensive pot.encies of the 
salts did not differ significantly from one another in an 
anesthetized dog study. Yet, when administered to renal 
hypertensive dogs, the dihydrodJoride and disulfate salts 
produced greater hypot.ensive effects than did the mono­
hydrochloride. . ' 

TOXICOLOGICAL CONSIDERATIONS 

Toxicity of Salt lon-Any discussion regarding the 
to-xicity of ss.1t5 of a drug must consider the pharmaco­
logical properties of the cation or anion used to form the 
salt as well as those of the free drug, since any of these may 
produce toxic effects.. The toxicology of several ions that 
are commonlv used to form salt$ and that are relevant to 
this review w~re discussed in depth (275). 

Toxicity from ingestion of calcium salt.s of drugs is rare. 
If hypercalce:coia occurs, however, calcium deposits in the 
kidney can bring on a reduction of renal function. The ' 
principal toxic effects of lithium also involve the kidneys. 
When small amounts of lithium are taken, no apparent 
damage occurs; yet large amounts of the metal can lead to 
irreversible damage. An apparent correlation was observed 
between lithium dosage and sodium intake (276). When 
lithium dosage was low or sodium intake was high, rats 
were able to excrete a111ithium given and sustaineg a re­
versible polyuria. Conversely, if large amounts of lithium 
were administered to the rats Or if their sodium intake was 
lowered, they incurred irreversible kidney damage. Am­
monium ion, although it serves a major role in. maintenance 
of the acid-base balance of the body, can be to ric in high 
concentrations and initiate CNS derangements. 

Sulfate ions given orally tend to be minimally absorbed 
and may act as a laxative. The nitrate ion is irritating to 
the GI tract, causing nausea and gru;tric distress. Also, in­
testinal bacteria may convert the nitrate ion to nitrite 
which oxidizes hemoglobin to methemoglobin. The citrate 
ion, an intermediary ill carbohydrate metabolism, can form 
a soluble complex v,':ith c;;Jcium which is poorly di3sociable 

[(l]016:020 

and rarely causes any toxic reactions. While tartrate ions 
are usually absorbed minimally from the GI tract, high 
concentrations reaching the circulation can cause n:nal 
damage. . 

Acetate and lactate ions are normal metabolites and 
appear to be well tolerated in relatively large amounts. 
Iodide and bromide ions can produce conditions known as 
iodism and bromidism. respectively. Bromide intoxication 
occurs quite frequently. since bromido::s are used as in- . 
gredients in some nonp~escription preparations (217-280). 
Bromide is slowly excreted by the kidney (its hali-life is 
12 days) and tends to accumulate when taken for pro-. 
longed periods or when used by patients with decreased 
renal function (277). 

Toxicity of Salt Form-Provided ~he Salt.-forming 
agents are nontoxic, the relative toxicitieS"Of a series of salts 
of a compound are often observed to reflect directly their 
absorption rates. For example, the toxicities of dibromide, 

, dichloride, diiodide, and dimethylsuliate salts of quina­
pyramine3, ~ trypanocidal drug, were determined (238). 
The sparingly soluble halogen salt.<; were much less toxic 
subcutaneously or intramuscularly than the freely soluble 
dimethylsulfate, yet aU salts showed about equal toxicity 
upon intravenous administration. The difference in tox- I 

icities obviously resulted from rapid absorption of. the 
methylsulfate compared to the slowly absorbed, poorly 
soluble halogen. salts. Similar. reasoning has been used to 
explaln the acute oral toxicity of propollo.·yphene hydro­
chloride in rodents, which is twice that of equimolar doses 
of the nap::!ylate salt (2.131). 

Several salts of benzphetamine and etryptamine were 
prepared as potent.ial sU5t.ained-release formulation5 (114). 
The water solubility, in vitro dissolution rates at pH 1.0 
and 7.2, and the median lethal times (LToo) were deter­
mined for each salt. Both the LTso and LD50 (determined 
011 only a few :.alts) increased as the in vitro dissolution rate 
at pH 7.2 decreased. vVhile dissolution at pH l.0 did not 
correlate well with toxicity, the L T 50's were inversely re­
lated to the square root of the dissolution rates at pH 
7.2. 

Toxicity s-.udies comparing iopanoic acid, a cholecys­
tographic contrast medium, with its sodium salt (115) 
showed that the salt form has lO-fold greater toxicity. The 
LDoo's of the free acid and the salt were 22 and 2.32 g/kg, 
respectively. It was postulated that the free acid precipi­
tated from the sodium salt upon it$ reaction with gastric 
hydrochloric acid. The fine, amorphous particles of pre­
cipitated acid had a greatly increased surface area and, 
therefore, dis60lved more rapidly than even fine crystals 
of the free acid. The faster and mOre complete drug ab­
sorption then resulted in increased toxicity. 

Salts exhibiting greater water solubility than their 
parent compounds or less soluble salts are not always more 
toxic. For example, vaxious inorganic and organic ions were 
used to prepare salts of methyl pyridinium-2-aldoxirne 
that would have greater water solubility and would elim­
inate undesirable side effects due to the iodide ion (95). 
Even though the aque:Jus solubility of the majority of these 
salts was many times greater than the iodide, their toxicity 
on a molar basis was not significantly differ.ent, with the 
exception of the dihydrogen phospbate si31t whic};l. was 15% 

;iAritrydcle::. 
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Table Xl-Additional References on Toxicological 
Considerations . 

To.:io:ity ~.nd ab"jrptioc of 2-sulfaniJir.lidopyIridin: ,,-,d its 235 
salable ~odium ;!llt 

S.;rbic add ~, a flJn;;{i.tati.: ~>:ent for fO.1ds: hM!nle,;,ut;S ~S6 
of sorbic acid (I.; ,.- di,:tNY Coop()l1en~ 

To:dci~y a.,d di.,t;ibution of ~ryT.h:om~dn 2t\i 
Further ulldcok>gic:.U 5tudi~s with el')·lhroWfcic 2~ , 
Ph.,nnacok'ey a.-"d toxicolugy of erythromycin ~.s;()bte 239 
Erythromycin pr"pk.n3t~ (propionylerythromydn): a ~~0 

re'-le .... of 20,5:25 CJS~ rtpNt' fur ~ide·eff.cL d<lt.~ 
New cla~ of s.nlibio:,dc aalts of reduced toxicity 22 
GI mt,il",rance to) Of31 in'n prepillat.i.)ns· 2':?~ 
Comp!lrative tfJxknl.jg'j of iron compounds 292 
lnfllJ~nce of the dia,ollltion rllte of lithium t.abl~\.:; on ,ide In 

effect .' 
1'olticity a.."ld t.is;U'~ di,tributir,n sludie; on th'~ 298 

hydrochloride, biomulh i(.did~ com pIe>:, uild a r"sinate 
of c~et.i!'1e 

Bacil.n,cin zinc in pharID,1ceutical prep:JIation~ 1';'·:, 
New 3PPWllCh to qUMernary ammonium .;ompound~ 151 ' 
Phsrmacology of cholin. theQphyliinate' 284 

mOre toxic. Further research with o;-:imes revealed that 
other salts are also toxic (282). 

GI bleeding is 3. common toxic effect of aspirin fot a.large 

percentage of the population. Consequently, a search'w;;ls 
initiated for ;;ll1 aspirin derivative that would not induce 
GI blood loss (283). All compounds prepared, however, 
including the sodium and calcium salts, caused GI hem­
orrhage with a severity similar to aspirin. 

Polyene antibiotics are potent antifungal 'agents but 
bear considerable toxicity. Even th·-~ugh the methyl ester 
hydrochlorides of these comp01.mds aIe more soluble, they 
retain aln1Q$t all of theirantifungai activi.ty and, more 
significantly, show a uniform decrease in tQY.icity compared 
to their parent compounds (284). 

Additional references on toricological considerations 
of salt formation are given in Table XL 

CONCLUSIONS 
. ~,.~ ,"""'-, '''"..,.\.' \.".;, 

Salt formatioll is a meiris of ilteril1g the physical, 
chemical, and biological characteristics of a drug witho.£t 
modifying its chemical structure. Clearly, the salt form can 
have a dramatic influence on the ctV'e--t;ll1 properties ofthe 
parent compound. At present, selecting a salt form that· 
exhibits the desired combination of properties is a difficult 
seIDiempiricalchoice:-Pharmaceutical.gcie~tists now reC­
ognize these facts 'and are beginning to st~ the effects 
of different salt forms Ol1the physicochemic:~tproperties, 
bioavailability. and toxicity of drng substances. 

u ~(\~·v~ Although now only a few generafuatlons are available 
to predict the effect o~:uticula.r salt forms on the char-

.:k..:,~~t~~tics of a. dr:ug, uirn~pg in time it will be possible to 
evoTv'e-uincreasingly more powerful generalizations re­
garding the effect of a salt on the properties of its parent 

. compotmd: In addition, we predict that polymet-dr"y~salts 
will have a revolutionary effect on future trends in drug 
therapy, particularly in the 3..l'eas of reducing drug toxicity 
and in controlling the release profile of novel drug delivery 

sy=.ten1s. 
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