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CAPÍTULO REIVINDICATORIO MODIFICADO 

(Primer Examen de Fondo) 

 

1. Un compuesto caracterizado porque es una sal cristalina de tosilato de N-[3-

[(4aR,7aS)-2-amino-6-(5-fluoropirimidin-2-il)-4,4a,5,7-tetrahidropirrolo[3,4-d][1,3]tiazin-

7a-il]-4-fluoro-fenil]-5-metoxi-pirazina-2-carboxamida. 

 

2. La sal cristalina de tosilato de conformidad con la Reivindicación 1, caracterizada 

porque tiene un pico sustancial en el espectro de difracción de rayos X, al ángulo 2-theta de 

5.0° de difracción en combinación con uno o más de los picos seleccionado del grupo que 

consta de 19.6°, 13.8°, y 18.5°; con una tolerancia para los ángulos de difracción de 0.2 

grados. 

 

3. Una composición farmacéutica, caracterizada porque comprende un compuesto de 

conformidad con cualquiera de las Reivindicaciones 1 y 2 con uno o más portadores 

farmacéuticamente aceptables, diluyentes o excipientes. 

 

******************** 
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The chemical. biological, physical, and economic char­
acteristics of medicinal agents can he manipulated and, 
hence, often optimized hy conversion t.o a salt form. 

• Choosing the appropriate salt, how{•ver, can be a very 
difficult task, since each salt imparti,; unique properties to 
the p•irent compound. 
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Salt-forming agent.'> are often chosen empirically. Of the 
many salts synthesized, the preferred form is selected by 
pharmaceutical chemists primarily on a practical basis: 
cost of raw materials, ease of crystallization, and percent 
yield. Ot.her basic considerations include stability, hy­
groscopidty, and flowability of the resulting bulk drug. 
Unfortunately, there is no reliable way of predicting the 
influence of a particular salt species on the behavior of the 
parent compound. Furthermore, even after many salts of 
the same basic agent have been prepared, no efficient 
screening techniques exist to facilitate selection of the salt 
most iikely to exhibit the desired pharmacokinetic, solu­
bility, and formulation profiles. 

S<1me decision-making models have, h(1wever, been de­
veloped to help predict salt performance. For example, 
Walkling and Appino (1} described two techniques, "de­
cision analysis" 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 chemicai, physical, and biological properties of these 
specific derivatives and offer a promh,ing avenue for de­
veloping optimal salt forms. 

infor.mation on salt.F is widely dispersed throughout the 
pharmaceutical literature, 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 la::;t 
2G years. emphasizing comparisons between the properties 
of different salt forms of the same compound. Induded also 
is a discussion of potentially useful salt forms. Our purpo::;e 
is twofold: to present an overview of the many different 
salts from which new drug candidates can be chosen and 
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Table !--FDA-Approved Commercially Marketed Salts 
-~-·---· 

Anion Percent" •Anion Per{','ni" 

Acetate 1.26 iodide 2.0'.· 
Benzenesulfonate 0.25 Isethionate' 0.88 
Renzoate 0.51 Lactate 0.76 
Bicarbonate 0.1:~ Lactobionate O.l :l 
Hilartrate 0.6:~ Malate 0.1:i 
Bromide> 4.68 Maleate :to:1 
Calcium edetate 0.25 Mandelate o.:~s 
Camsvlate1, 0.25 Mesylate 2.02 
Carb11nate o.:38 Methylbromide 0.76 
Chloride 4.17 Methylnitrate o.:38 
Citrate 3.03 Methylsulfate 0.88 
Dihydroch!oride 0.51 Mueate o.rn 
Edetate 0.25 Napsylate 0.2!, 
Edisvlate' 0.38 Nitrate 0.64 
Est.oiate" o.rn Pamoate (Embonate) 1.01 
E~ylate·· 0.13 Pantothenate 0.25 
Fumarate 0.25 Phosphate/di phosphate :U6 
Glureptatel 0.18 Polygalacturonate 0.J:l 
Clueonate 0.51 Salicylate 0.88 
Wutamate 0.25 Stearat.e 0.25 
G l vcol I via rsan ilat{'~ 0.1:1 Subacetate 0.:18 
Hex vlresordnate 0.1:{ Succinate (Ul8 
Hycl"rabarnineh 0.25 Sulfate 7.46 
Bvdrohromide l.90 Tannate 0.88 
H)·droch!oride 42.98 Tartrate :t54 
Hydroxynaphthoate 0.25 Teoclate' 0.1:{ 

Triethiodidt: 0.1 ::l 

Cation Percent" Cation Percent" 
---------------

Organic: Metallic: 
Benzathine1• 0.66 Aluminum 0.66 
Chloroprocaine 0.33 Calcium 10.49 
Choline o.:ti Lithium 1.64 
Diethanolami11e 0.98 Magnesium 1.a1 
Et.hylenediarr.ine 0.66 Potassium 10.82 
Meglumine 1 2.29 Sodium 61.97 
Procaine 0.66 Zinc 2.9fi ---------
" Percent is based on total number of anionic or ca~ionic salts in use through 1974. 1' Camphorsulfonate. •· 1.2-Ethanedisulfonate. "Laury! sulfate. 

·· Ethanesulfonate. I Glucoheptonate. 1: p-Glycollamidophenylarsonate. "N,N'-Di(dehydroabiet.yl)ethylenediamine.' 2-Hydroxyethanesulfonate. 
1 8-Chlorotheophyllinate. h N,N'-Dibenzylethylenediamine. 1 N-Methylglucarnine. 

to assemble data that will provide, for the student and 
practitioner alike, a rational basis tor selecting a suitabl~ 
salt form. 

POTENTIAi.LY USEFUL SAL TS 

Salt formation is an acid-base reaction involving elther 
a nroton-transfer or neutralization reaction and is there­
fo~e controlled by factors influencing such reactions. 
Theoretically, every compound that exhibits acid or base 
characteristics can participate fr, salt formation. Particu­
larly important is the relAtive strength of the acid or 
base-the acidity and basicity constants of the chemical 
species involved .. These factors determine whether 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; 
surviiys of patent literature show numerous new salts being 
synthesized annually, Various 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 
ancl high crystal lattice energy can affect dissolution rate 
and, hence, bioavailabi!ity. Ideally, it would be desirable 
if one could predict how a pharmaceuticul agent's prop­
erties would be affected by salt formation. 

Tables I and H list all salts that were commercially 
marketed through 1974. The list was compiled from ali 
agents listed in ''Martindale The Extra Pharmacopoeia," 
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26th ed. (7). Table I categorizes all salt 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 hydrochlotides 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
sC1ns, sodium has heel! th,, 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 spedfic classes 
of salt forms. They stated that, in general, salt combina­
tions with monocarboxyiic acids are insoluble in water and 
lend themselves to repository prep.arations, 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 a means of obtaining 
prolonged action by forming slightly soluble salts with 
certain basic drug,;. Saias et al. (9} reviewed the use of this 
salt form in preparing sustained-release preparations. 
Mme recently, latentiation of <lihydrostreptomycin (10) 



tame 11·-!'lon-t"UA-Approved C.:cmmerc1ally Marketei!l 
Salts 

Anion 

Adipate 
Alginate 
Aminosalicvlate 
Anhvdromethvienecitrate 
Arrc:oline · 
Aspar1al<' 
Risulfate 
!Jutvlhromide 
Camphorate 
Digluconate 
Dihvdrobromide 
Disuceinate 
(; lycc>rophosphate 
Hemisuifate 
Hvdrol1uoride 
H)·droiodide 
Meth:.-lenehis(salicylate) 
Napadisylateh 
Oxalate 
Pectinate 
Pnsu lfate 
l'henvlethvlbarhiturate 
Picraie · 
Propionate 
Thiocvanate 
Tosvlate 
l l ndecanoate 

Cation 

Organic: 
HtcnethaminP' 
ClrmizoJed 
Diethvlamine 
Piper;izine 
Tromet hamine· 

Metallic: 
Barium 
Bismuth 

Percent" 

0.1:l 
0.1:, 
0.25 
0.1:l 
0.13 
0.25 
0.25 
0.13 
0.1:l 
0.1:J 
0.13 
O.l :.l 
0.88 
0.13 
0.1:l 
0.25 
0.1:l 
0.1:l 
0.2.'i 
0.1:; 
0.13 
0.1:) 
0.1:l 
0.13 
0.1.1 
O.l:l 
o.rn 

Percent" 

o.:rn 
OXl 
o.:n 
0.98 
o.:tl 

o.:rn 
0.98 

" Percent is based on total number of anionic and cationic salts in use 
through 1974. 1' !,F,-Naphthalenedisulfonate.' N-Benzylphcnethylamine. 
<i l -p-Chlorobenzyl-2-pyrrolidin-l '-ylmethylbenzimidar.ole. ,. Tris(hy­
d roxymethy I )aminornethane. 

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

Alginic acid also has been 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 sterile water and 
dried to a solid gel, this compound was found useful in the 
preparation of Jong-acting ophthalmic dosage forms ( 17). 
While liquid preparations of the alginate and hydrochlo­
ride salts possess similar miotic activity, studies showed 
that solid pilocarpine alginate flakes constricted pupil size 
more effectively and increased the durqtion of miosis sig­
nific,mtly when compared with the liquid preparations. 
Solid dose pilocarpine may be more uniformly available, 
because it diffuses more 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 Pt al. (18) devised a unique way of prolonging 
act ion through salt formation; they showed that the dis­
trihution of several antibiotics could be markedly altered 
by merely preparing macromolecular salts. Sine~ macro­
molecules and colloidal particles have an affinity for the 
lymphatic system, streptomycin, neomycin, viomycin, and 

st:reptothrycm were comnmect w1tn mgn mo1ecmar we1gm 
compounds such as polyacrylic acids, sulfonic or phos­
phorylated polysaccharides, and polyuronic derivatives. 
Parenteral administration uf these compounds produced 
low blood levels of the antibiotic for long periods, while 
lymph levels were high. (In comparison, streptomycin 
sulfate gave high blood levels but low lymph levels.) This 
alteration in distribution caused the streptomycin to 
prolong its passage through the body, since lymphatic 
circulation is quite slow. 

The appropriate choice of a salt form has been found to 
reduce toxicity. It can be rationalized that any compound 
as~~ociated with the normal metabolism of food and drink 
must be essentially nontoxic. The approach of choosing 
organic radicals that are readily excreted or metabolized 
opened up a new class of substances from which to select 
a salt form. For example, certain salts of the strong base 
choline have proven to be considerably less toxic than their 
parent compound. The preparation and properties of 
choline saits of a series of theophylline derivatives were 
reported (19), and it was shown that choline theophyHinate 
possessed a greater LD;;o than theophylline or its other 
salts (20). It was postulated that this agent would be less 
irritating to the GI ttact than aminophyiline, because "its 
basic constituent, choline, is an almost completely non­
toxic substance of actual importance to the µhysiologic 
economy." This evidence led to the preparation of choline 
salicylate (21) as an attempt to reduce the GI disturbances 
associated with salicvlate administration. Clinical studies 
indicated that choli~e salicylate elicited a lower incidence 
of GI distress, was tolerated in higher doses, and was of 
greater benefit to the patient than was acetyisalicylic acid 
(aspirin). 

Amino acids 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 ami110 acid salts of 
dihydrostreptomycin was prepared (22). In all but one 
case, the acute toxicities of these 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;;o. 

The vitamins most commonly used for forming salts 
exhibiting reduced toxicity are ascorbic and pantothenic 
acids. Keller et al. (2:~) were the first to use pantothenic 
acid as a means ,if "detoxifying" the basic streptomyces 
antibiotics. Parenteral administration of the pantothen­
ates of streptomycin and dihydrostreptomydn had a sig­
nificantly reduced incidence of acute neurotoxicity in cats 
as compared with the sulfates. Subsequent studies (24-28) 
supported this finding and showed that the pantothenates 
of neomycin and viomycin also are less toxic. The ascorbate 
of oleandomycin was synthesized and its pharmacological 
properties were reported (W). Upon intramuscular injec­
tion in rats, it produced less irritation than the phos­
phate. 

p-Acetamidobenzoic acid, an innocuous metabolite of 
folic acid present in normal blood and urine, has been used 
in preparing salts. In particular, it yields stable salts with 
amines that otherwise tend to form hygroscopic products 
with ':onventional t~cid components (30). 

Often the salt form is chosen hy determining a salt 
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component that will pharmacologically ant.agonize an 
unfavorable property or properties exhibited by the basic 
a1'!ent. Salts of N-cyclohexylsulfamic acid are an example 
of the practical application of this approach. N-Cyclo­
hexylsulfamic acid salts, better known as cyclamates, have 
a cha,acteristic sweet, pleasing taste. Although presently 
under investigation by the FDA for potentially carcino­
genic properties, salts incorporating this compo\\.nd can 
render unpleasant or bitter-tasting drugs acceptable. For 
example, the cyclamates of dextromethorphan and 
chlorpheniramine exhibit greatly improved bitterness 
thresholds compared to commonly occurring salts (31). 
Furthermore, their stability in aqueous solutimi wae de­
scribed as good when maintained at a pH not greater than 
4. 

N-Cyclohexylsulfamic acid salts of thiamine hydro­
chloride and lincomycin also have been synthesized. Thi­
amine N-cyclohexylsulfamate hydrochloride was reported 
to have a more pleasant taste than other thiamine salt:, 
while having an equal or greater stability (32). Lincomycin 
cyclamate, shown to possess an enhanced thermal stability 
over its hydrochloride, was prepared (33) to test the hy­
pothesis that reduced lincomycin absorption in the pres­
ence of small quantities of cydamates was due to a simple 
metathetic reaction. However, this assumption was found 
no1 to be true. An extensive study 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 
reported (~14, :15). 

Various salts of penicillin and basic amine compounds 
have been formulated in an effort to produce~ long-acting, 
nonallergenic form of penicillin. Since antihistamines 
appear to mitigate the symptomatology of penicillin re­
actions in some patients, coadministration of the two has 
been advocated. The preparation of the benzhydralamine 
salt of penicillin was an attempt to produce a l'epository 
form of penicillin with antiallergic properties (36). Blood 
levels achieved with this salt were comparable to those of 
penicillin C potassium; however, its 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 potential of drug sensitivity when 
en-administered with penicillin." 

Silver salts of sulfanilamide, penicillin, and other anti­
biotics have been prepared and represent cases where the 
species (ions) are complementary. When 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 antibacterial agents 
(:n). 

Tlw use of 8-suhstituted :xanth;ne:;, particularly the 
8-subi,tituted theophyllines, as salt-forming agents was 
first reported in the preparation of a series of antihistamine 
salts ( ·i8-41 ). Svnthesis of these xanthine salts was an at­
tempt to find a.drug to counteract the drowsiness caused 
by the antihistamines with the stimulant properties of the 
xanthines. When an electronegative group is introduced 
into the xanthine molecule at the 8-position, the elec­
t nm-drawing capacity of the substituent results in the 
crt>ation of an acidic hydrogen at position 7. Thus, these 
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moderately strong acidic compounds can undergo salt 
formation with various organic bases. 

The 8-halotheophyllines were the first group of xan­
thines studied as potential salt-forming agents. Since the 
report on the preparation of the 8-chlorotheophylline salt 
of diphenhydramine (42), synthesis of the 8-ha)otheo­
phyllinates of a number of mganic bases has been at­
tempted. The 8-chlorotheophyl!ine salts of quinine, 
ephedrine, and strychnine were prepared and character­
ized (43). These salts were less water soluble than the 
corresponding free alkaloidal bases. In a similar report, the 
8-chlorotheophyllinates of three synthetic narcotics, 
meperidine, levorphanol, and metopon, were prepared 
(44,1. 

Pharmacological and clinical studies invdving the 8-
hromotheophyiiine pyrilamine sah. revealed the unusual 
diuretic properties associated with the 8-halotheophylline 
portion of the compound (45, 46). This finding initiated 
an investigation into the preparation of a soluble 8-bro­
motheophylline salt of high diuretic ~ctivity. With readily 
available amines, over 30 salts were synthesized and 
screened for diuretic activity (47). When tested against 
theophyHine salts of the same amides, th<-> 8-bromotheo­
phyilinates showed greater activity in every case. 

With the successful formation of 8-haiotheonhvllinates 
of organic bases, Morozcwich and Bope (48) pro.posed that, 
if the halogen moiety was replaced with a more electro­
negative 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-­
ative in the stomach would be less likely to occur. On this 
premise, they successfully prepared pharmacologically 
effective 8-nitrotheophyllinates of several pharmaceuti­
cally useful bases. 

Duesel et al. (19), in their study of choline theophylli­
nate, prepared the 8-chloro-, 8-bromo--, and 8-nitrntheo-­
phyHine saits of choline. Oral toxicity studies in mice 
showed that the LD50 of the 8-nitrotheophyllinate was 
much greater than that of either 8-h~ll)theophylline. In 
fact, it remained nonlethal at doses as high as 5 g. 

Polygalacturonic acid, a derivative of pectin, has been 
used to prepare quinidine salts exhibiting reduced toxicitv 
(49, 50). The compound possesses sp,ecial demulcen·t 
properties and inhibits 11rncosai irritation. The rationaie 
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 quin­
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 
pharmaceutical salt forms are listed in Table III. 

PHYSICOCHEMICAL STUDIES 

Biological activity of 3 drug molecule is influenced hy 
two factors: its chemical structure and effect at a specific 
site and its ability to reach---and then be removed from·-·­
the site of action. Thus, a knowledge of the phys:cochem­
ical properties of a compound that influence its absorption, 
distribution, metabolism, and excretion is esi-ential for a 
Cl,mplete understanding of the onset and duration of ac-



Table Hi-Potentially Useful Salt Forms of Pharmaceutical Agents 

Se.It-Forming Agent C,,mpound Modified Modification ------ ----------------
Acetylaminoacetic acid Doxycvdine 
N ·A!'etyl-1.-asparagine Erythrom~'cin 
N -Acetylc~ .. stine Doxycycline 
Adamant.oic acid Alkylbiguanides 
Adipic acid Piperazine 
N-Aikylsulfamates Ampicillin 

Lincomycin 
Cephalexin 

Sduhility 
Soluhilit\', activitv, stabilitv 
Combined effe<'t llSeful in l;IH:Ulnonia 
Prolonged action · 
Stability, toxicity, organolf'plic prnpPrtil's 
Absorption (oral) 
Soluhilitv 

:-, l 
;'~/.!. 

",:l 
"d 
f>i"'> 
;,(i 
;)7 
,,H Ant hraquinone-1,5-disulfonic acid 

Arahogalactan sulfate (arahino) 
Arginine 

Aspartate 
Betaine 
Bis(2-carhoxvchromon-5-vloxy)alknnes 

Various alkaloids 
Cephalosporins 
a-Suifobenzylpenicillin 
Erythrcm yci n 
T<?.tracvcline 
7 · ( Aminoalkyl )! heoph:vlline~ 
Metformin 

Stabiihy: absorption 
Prolon!{ed aet.ion 
'l'oxicitv 
Stabilit·y. hygroscopicity. toxicity 
Solubilitv 
Castric 1.ihsorption 

;,!l, !,il 
Ii! 
6:? 
(i:l 
(i,t 

<'arnitine · • · · · 
4-Chloro-m-toluenesulfonic acid 
Decan!,ate 
Diacetyl sulfaie 
Dibenzyleihylenediamine 
Diet.hylamine 
Diguaiacyl phosphate 
Dioctyl sulfosuccinate 

Propoxyphene 
Heptaminul 
Thiamine 
Ampicillin 
C,iphalosporins 
Tetracvdine 
Vincan1im1 

Activity. prolonged prophylactic ('ffrct 
Toxicitv 
Organoieptic properliPs 
Prolonged acti<>n 
St11hility, hygrosrnpicity 
Prolonged action 
Reduced pain on injection 
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Emh<;nic (pamoic) acid 

Fructose 1,6-diphosphoric acid 

J<nnarnvcin 
2-Phe::yl-:l-methy!morpho!int> 
Te:rarvdint 

OrgmH;lPpt ic- pro pert ie~ 
Toxicitv 
Toxicit ,, 
Soluhilitv 

7t:1 
';'(i 
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Gluco!;e I-phosphoric acid, glucose 

ll·phosphpric acid 
L-Glut?.mihe 
H yd rnxynaphthoate 
2-(4- lmidazolyl)ethylamilw 
faobutanolamine 
Laurv! sulfate 

Ervt hroir.vcin 
T(i.tracvcl 1ne 
Ervthromvcin 
Erythrom~·rin 
Hephenium 
Prnstaglandin 
Then:-hyl!;ne 
Vim:amin(' 

Suiuhilit,· 
So]ubilit,· '' Soluhilit ,. 
8oh1bilit\·. nctivitv. ~lahilitv 
Toxitit v · · · 
Proh,nged n~·tion 
~tabilit~· . , .. 

Lysiiie n-Sulfob,mzyl p,•niei I! in 
Cephalo!<porinl' 

'~lrg~u1ut~JH H.· propt•n.1t·~ 
Toxidty, istahility. hygroscopil'itv 

Methanesulfonic acid 
I- Methylglucamine 

N-Methylpiperazine 
Morpholine 
2-Naphthalt>nesulfonic acid 
(ktanoate 

Pralidoxinw (2· I' Al\1 i 
,,-Sulfubenzylpenit·illin 
Cephalosporins 
Phen-.·lbuta1.01w 
Cephalllsporins 
Propoxyphene 
Heptaminol 

Solubility 
Toxidty. l'tahility, h~·~rost'Opkil~· 
Reduced pain on injPdion 
Toxkitv. faster omwt uf a\"I ion 
Ht'<lu,·ecl pain on injt·ction 
Organolept ic pro pert ie,­
Prolonged ad inn 

L"' n,) 

I:? 
:-,.1 

Probenecid 
T1111nic acid 
Theobromine acetic acid 
:{,4,f>-Trimethoxybenzoate 

Tromethamine 

Pivampidllin 
Variow ._.Jines 
Propoxypht>tW 
Tetracvdine 
Heptaminol 
Aspirin 

Organolept it- propnt ies 
Prolonl(l'd adion 
Aetl,itv 

,;s 
!-<:> 
Hfi.H7 
ss 
K!J 
HK 
!JO 

Dinoproi;t (prmn.aghwdin FJ .. l 

Orga111ilept k proper! it·~ 
Prolonged a(·tion 
Ah~orption (oral) 
Physical s!!lll' !)l 

tion, the relative toxicity, and lhe possible routes of ad­
ministration (2). 

ln a review in 1960, Miller and Holland (92) stated that 
"different salts of the same drug rarely differ pharmaco­
logically; the differences are usually based on the physical 
properties." In a subsequent review (93), Wagner ex­
panded upon this statement, asserting that, although the 
nature of the biological responses elicited by a series of 
salts of the same parent compound may not differ appre­
ciably, the intensities of response may differ markedly. 

The salt form is known to influence a number of physi­
cochemical properties of the parent compound including 
dissolution rate, solubility, stability, and hygroscopicity. 
These properties, in turn, affect the availability and for­
mulation characteristics of the drug. Consequently, the 
pharmaceutical industry has systematically engaged in 
exte11sive preformulation studies of the physicochemical 
properties of each new drug entity to determine the most 
suitable form for drug formulation. Published information 
concerning such s:.m.iies, however, is sparse. Preformula­
tion studies have been outlined. and the influence of the 
sait form on the volatili J and hygroscopicity of an agent 
under investigation was discussed (94). 

In one such study, methylpyridinium-2-aldoxime 
(pralidoxime) salts were investigated (9fi). This study . ..;et 
out to prepare a salt with water solubility adequate to allow 
intramuscular injection of a low volume (2--:3 ml) thera­
peutic dose. The original compound, the methiodide, had 
the disadvantages of limited aqueous solubility and high 
potential toxicity, since its high iodide content could result 
in iodisrn. On the basis of physioiogicai compatibility. 
better water solubility, favorable stability, and relatively 
high percentage of oxime, the chioride salt of pralidoxime 
was selected for therapeutic administration; it was claimed 
that "the anion used to form the salt can confer physical 
properties of importance and significance for the formu­
lation and administration of the com pound" ( 9.5 ). 

Some physicochemical properties of a series of mineral 
acid salts of lidocaine also were determined (96). While the 
hydrochlodde and hydrobromide were more hygH,scopic, 
they were more soluble in a number of solvents than the 
nitrate, perchlorate, phosphate, or sulfate salts. 

Dissolution Rate--The dissolution rate of a pharma­
ceutical agent is of major importance to the formulator. In 
many cases, particularly with poody soluble drugs, this 
characteristic best reflects the bioavailability of the com· 
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pound. As a rule, a pharmaceutical salt exhibits a higher 
dissolution rate than the corresponding conjugate add or 
base at an equal pH, even though they may have the same 
equilibrium solubility. The explanation for this res11!t lies 
in the processes that control dissolution. 

Dissolution can be described by a diffusion layer model 1 

in terms of an equation developed by Nernst and Brunner 
(97): 

dW DS (C "') L' -
1
- = -,- , - l (raq. J) 

at II 

where W is the mass of the solute dissolved at time t, 
dW /dt is the rate of mass transfer per unit time, Dis the 
solute molecule diffusion coefficient, S is the surfac0 area 
of the dissolving solid, h is the diffusion layer thickness, 
C' is the concentration of the drug in the bulk so!ution at 
time t, and (\ is the saturation solubility of the solute in 
the diffusion layer. 

The driving fc;rce 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 drug is 
not rapidly absorbed aft<?-r i( dissolves, then C, the con· 
cent.ration in the bulk solution, approaches C, and the 
dissolution rate is retarded. When this occurs, absorption 
is "absorption rate'· iimited (or "membrane transport" 
iimited l. If the absorption rate is rapid (or if the absorption 
mass transfer coefficient is much larger than DS/h cf Eq. 
I), however, C heeomes negligible compared to (;,_ and 
dissoiution occurs under "sink" conditions. Absorption is 
then s::dd to he dissolution rate limited. which is what oc­
curs with most poorly soluble drugs. In either case, an in­
crease in(\. as in salt formation, increases dissolution. 

Salts often speed dissolution by effectively acting as 
their own buffers to alter the pH of the diffusion layer, thus 
increasing thl:' solubility of the parent compound, C. in 
that layer over its inherent solubility at the pH of the 
di.,,wlution medium. Hence, dissolution is controlled by 
soh,bility 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 he treated 
later. 

Nelson (98), in a study of theophylline salts, was the first 
to show the correlation between diffusion layer pH and 
dissolution rate. The major impact that this study had on 
the pharmaceutical sciences was its conclusion that, if 
other factors remained constant, the dissolution rate of a 
compound determined the rate of buildup of blood levels 
with time and the maximum levels obtained. Those salts 
of the acidic theophylline with high diffusion layer pH's 
had greater in eitro dissolution rates than those exhibiting 
a lower diffusion layer pH. And, indeed, thi::' rank order of 
dissolution rates correlated well with clinically determined 
bll)od levels. Presumably, the higher pH in the diffusion 
la_,;er retards hydrolysis of the salt, thereby maintaining 
the anionic ch·.uge of the theophyllinate ion. This report 
led to m::iny additional studies which illustrate the influ­
ence nf the salt form on dissolution and the beneficial ef­
fects of changing nonionized drugs into saits. 

,Juncher and Raaschou (99) demonstrated that the 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 as the rank order of their rates of dissolution 
in vitro. While the investigators ascribed these differences 
to the solubility properties of the salts, foeir experiments 
adually compared dissolution rates, not solubilities. The 
relative order of dissolution rates and mean maximal blood 
levels was: pota.,sium salt > calcium salt > free acid > 
benzathine salt. 

Nelson (100) determined dissolution rates for several 
weak acids and their sodium salts in m~dia whose pH's 
represented GI fluids. In all cases, the sodium salt dis­
solved more rapidly than the free add. This finding re· 
solved the misconception that absorption of drugs is re­
lated only to solubility in the appropriate medium; rather, 
solubility affects absorption only to the extent that it af­
ferts dissol•Jtion 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 solutions. Therefore, 
dissolution rate, more than solubility, influences absorp­
tion since it is a preceding process. 

In two subsequent studies, Nelson and coworkers for­
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 was approximately .5000 times mort: rapid than the 
free acid in acidic media and 300 times more rapid in 
neutral media. This difference, measured in vitro. reflected 
the differences observed between the free acid and the salt 
when administered to human subjects. Oral administration 
of tolbutamide sodium produced an imr:i~diate drop in 
blood sugar comparable to that produced by intravenous 
injection of the salt, while the slowly dissolving tolbuta­
mide produced a smooth, sustained fall in blood sugar 
(102). 

Correlation of urinary excretion rates and dissolution 
rates of tetracycline and some of its acid salts also was 
demonstrated by Nelson (10:3). The salts that exhibited 
greater in vitro dissolution rates showed greater urinary 
excretion rat.es, indicating more rapid absorption. 

Benet (104). in a discussion of the hiopharmaceutical 
basis for drug design, referred to the influence of the salt 
form on dissolution. He compared the dissolution rates of 
tetracycline 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 increases 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 non ionized 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 pro~esses 
controlling dissolution of an acid salt of a base ( 108) and 
the sodium salt of a weak acid ( 109, 110) in reactive media 
have been discussed. 

Tablet processing and various formulation factors can 
decrease the dissolution rate of a salt ;n human gastric juice 
over its nonionized form (111 ). Granulation and tableting 
caused the dissolution rate of phenobarbital sodium to 



decrease but had the opposite effect on phenobarbital. 
Therefore, as a tablet dosage form, the dissolution rate of 
the sodium salt was slower than that of the free acid. These 
results were attributed to differences in the disintegrating 
properties of the tablets; in some instances, rapid disso­
lution may in fact be a problem for very soluble drugs. 

Others have illustrated a phenomenon that decreases 
the dissolution rate of a salt below that of its nonionized 
form. Lin et al. ( 112) studied the relationship between salts 
and biological activity by dissolving three salts ru:d the free 
base of an experimental antihypertensive in w~ter, 0.1 N 
HCI, and pH 7.2 phosphate buffer. The dissolution rate of 
the monohydrochloride salt was lower than that of the free 
base in 0.1 N HCl and higher than the free base in both 
water and ph~sphate buffer. These authors ascribed this 
variation to the common ion effect and substantiated it 
experimentally. Although the biological activity of the 
monohydrochloride was greater than that of the free base, 
the implications of altered absorption characteristics on 
the activity of any other hydrochloride salt in GI fluids 
must lJe considered. Similar result.<, also were reported for 
hyd:rnchloride salts of some tetracyclines (113). 

Some consideration must be given to the influence of salt 
formation on oral toxicity, which often reflects the rela­
tionship between the in vivo dissolution rate and the ap­
pearance of drug in the circulation (114, 115). Morozowich 
et al. (114) showed that the relative toxicities of a series 
of salts of a drug reflect the rate of absorption, providing 
the salt-forming agents themselves are relatively nontoxic. 
They stated that "when absorption is rate-limited by 
dissolution of the salt in the gastrointestinal tract, as will 
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 toxicology will be discussed under Toxico­
logical Considerations. 

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 1 .. ie 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 dissolution rates. The sol­
ubility of a compound depends basically upon the physic.al 
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 of the 
solute. 

An important solvent property which is often overlooked 
involves the common ion effect; in particular, hydrc,cblo­
ride salts of drugs often exhibit less than desirable solu­
bility in gastric juice because of the abundance of chloride 
ions. The equilibrium involved is shown in Scheme I. 

J,;\,J 
DH+cJ-,, .. 11111 ~ (DH•).,11 + (CI-),.,1 

Scheme/ 

Salt formation is perhaps one of the first approaches 

'!'able IV--Additiona) References on Salt Fo!"rn .:1~d 
Flissolution Rate 

Topi<· 

Dissolution rate of mixture~ ol' w.-ak ,,cid,; and 1 ri hasic I 18 
sodium phosphate 

Physioloj!ical availability and in :;i/m dissolution l W 
characteristies of ,iome solid dosage formula! ions of 
aminosalicvliC' acid and its sah;; 

Hiopharmac~utics, rate of dissoluticn: chronologkal I '.!O 
hibliogrnphy 

Biopharmaceutics: rate of dh\:,;olution i11 l'i I ro and i 11 vi, ·u l 21 
Dissolution tests and interpretation of anomalies obserw.:J I 22 

in the dissolution prntess of sulfaquinoxaline based on 
salt formation 

Influence oft.he dissolution rate of lithium tablets on side 12:l 
effects 

Dissolution kinetics of drugs in human gas! ric juin• 124 
Comparison of dissolution and absorption ra:e, of I '.LG 

different commerci~; ~::-,p;i ;;; ltiblt:L·; 
In vitro dissolution rates of aminorex dosag<> forms and I :u; 

their correlation with in uitru availability 

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 compound with those of its free acid or base 
(Table IV). Selection ofthe salt form exhibiting the desired 
solubility properties is critical, since these properfa,;:; often 
dictate the formulation characteristics of the drug. 

Phase solubility techniques were used to stud~, the for­
mation of complex salts of triamterene (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 
will exhibit enhanced bioavailability and desirable for­
mulation characteristi"5. 

The hydrogen-ion concentration can significantly affect 
the solubility of a ~ctlt. Anden;ou {128} discussed the in­
fluence of pH on the solubility of pharmaceuticals. 
Mathematical relationships 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. 

An extensive study on the solubility interrelationships 
of the hydrochloride and free base of two pharmaceutically 
useful amines was reported (129). Mathematical equations 
de8cr1!:>ing 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 amine hydrochloride generally sets the 
maximum obtainable concentration for a given amine, the 
solubility of the free base and the pKa didermine the 
maximum pH at which formulation as a solution is possible 
{assumi·,g that the desired concentration exceeds the free 
base solubility). Shifting the pH-solubility profile to higher 
r;H values for formulation purposes may require increasing 
the solubility of the free base. This increase might be ac-
1 •'.>mplished by using an appropriate cosolvent. Since the 
dissociation characteristics of ca:rbox.ylic acids and ,)ther 
acidic organic species are similar to those of organic hy­
drochlorides, it is expected that the pH-solubility profiles 
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of these organic acids, although reversed, can be charac­
terized theoreticaily using the same treatment. 

Several reports showed that ttG ;;t;;-~ct:;=-e d' ~~ {H'gsmic 
salt-forming radical influences the solubility of the re­
sulting salt. The water solubilities of 16 salts (carboxylates, 
sulfates, sulfamates, and phosphates) of the weak base 
erythromycin were dependent on the size of the alkyl group 
of the acid (130). In a study with N-alkylsulfamates of 
Hnrnmycin (66), a similar phenomenon was observed: 
solubility of these salts decreased as the size of the alkyl 
group attached 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 salts and the free base. He found 
that inorganic salts had remarkably low solubilities while 
those of the lower aliphatic acids proved to be somewhat. 
more soluble. Hydroxylation of the acid increased solu­
biiity, sinct: sah formation with polyhydrox;, acids, par­
ticularly the sugar adds, conferred extensiwi water solu­
bility to the molecule. 

Several investigators reported the influence of the sol­
ubility of a drug on its formulation and subsequent avail­
ability from the dosage form. In a discussion of the prep­
aration and formulation of epinephrine salts in an aerosol 
system 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 various propellants 
is an important consideration if the 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 
bitartrate, malate, maleat.e, and fumarate salts of epi­
nephrine were prepared and subjected to solubility and 
stability studies. While all salts had similar partition 
cc,efficients, the solubility d' the maleate in several pro­
pellants and its stahiiity in formulated aerosols made it the 
drug form of choice. 

Ephedrine hydrochloride was more rapidly releaEed 
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 solubiEzed 
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 bases, 
whereas the solubility of the drug significantly affected the 
diffusion from hydrophili~ bases. The more soluble sodium 
salic} late diffused much faster from these latter bases than 
did salicylic acid (134). 

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

Organoleptic 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 presents no major problems when 
the drug is to be administered as a tablet or a capsule and 
swallowed as a unit hut is clearly a prominent factor in 
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Table ",;-Additional References on Salt Form and 
Solubility ---- ------------

Topic Heferern:e 

Influence of solubility on the rate of Cl nhsnrption of l:lf, 
aspirin 

l<~ffoct of dosa!{e form upon then I ab!ior·pt.ion rate of l :36 
salicylate"' _ 

Physical-chemical properties of polyenr- macrolide estern 1:n 
and their water-soluble i:alt.s 

Isolation and reaction produet.s of orotic acid and amines l :38 
and their solubility in water 

Solubility and stability of erythromycin salts 1:39 
Studies on pharmaceutical preparations of orotic acid: 140 

water-soluble properties of orotic acid salts 
S0h:l1iH y of antibiotics in 24 solvents 141, J 42 
Solubility o!· antibiotics in 26 solvents J 4:1 

patient acceptability when it is to be administered as a 
iiquid, chewabte tablet, or hw ,nge. 

Since taste is a chemical sense, a substance must be 
dissolved if it is to elicit a taste sensation-either by taking 
it as a solution or by its dissolving .in the saliva. Therefore, 
one method used to minimize undesirable organoleptic 
properties of pharmaceuticais involves the preparatim, of 
a pooriJ'· soluble salt form of the drug such that the satu­
ration concentration is less than the taste threshold. 

Erythromycin estolate (iauryl sulfate) has approxi .. 
mately one-twelfth the solubilitv of the free base, is 
tastel~ss, and is useful in the forn{ulation of oral suspen­
sions (144). A study on erythromycin salts showed that the 
bitterness level was dependent on two properties: (a) the 
water solubility of the salt, which is dependent on the size 
of the alkyl group attached t.o the acid function: and ( b) the 
strength of the add used to form the salt, i.e., the stability 
of the salt (130}. The stearyl sulfamate salt possessed the 
most desirable organoleptic properties, 

Many problems concerned wit. lormuiation and sta­
bility of topical and oral pharmaceuticals containing 
bacitracin have been overcome by incorporating bacitracin 
int.o 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 taste 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, such as sucrose, increases the 
bitterness threshold ratio differenceL, between the two 
compounds even further (146). 

Propoxyphene napsylate, nearly water insoluble, is only 
slightly bitter to the taste as compared 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 significantiy by the 
addition of a common ion (sodium or calcium napsyiate) 
to depress solubility fu?ther. 

A newer approach to the improvement of drug palata­
bility has been to form insoluble salts with ion-exchange 
resins. Several investigators described and tested the 
practical application of this methnd (148-150). Spross et 
al. (149) outlined the conditions necessary for improving 
the palatability of a drug by adsorbing it onto an ion-ex­
change resin without appreciably modifying its pharma­
cological effects. They found that: (a) the degree of drug 
release frorn the ion-exchange adsorbate depends on the 
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equivalent quotient between the eiectroiyt,e1, in the sur­
rounding fluid and the ionic drugs, (b) the amount of ions 
is far less in the saliva than in the gastric juice (the tem­
porary electrolyte contents can be estimated at 0.05 mEq 
in the saliva and at 10 mEq in the gastric juice}, and (c) the 
exchange rates should allow the equilibria to be attained 
within a fairly short period. Insoluble drug resinates 
formed between dext.ran gel2 cation exchangers and several 
basic drugs were in many cases much more pleasant tasting 
than their parent compounds. Furthermore, release of the 
drug from the ion-exchange adsorbate was quite rapid and 
complete under conditions prevailing in the GI tract. 

Similar findings were reported using a polymethacrylic 
acid ion-exchange resin (150). In addition, coating the 
adsorbate particles with a 4:1 ethylcellulose-hydroxy­
!)ropyl methylcellulose mixture further reduced bitterness. 
While in vitro release from the uncoated resinate was rapid 
and complete, release from coated adsorbates varied with 
the extent 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 approacl, 
often can be very difficult, however, since solubilization 
of the parent compound usually imparts its unpleasant 
taste to the preparation. Nevertheless, some success has 
been reported using the artificial sweeteners cyclamate 
sodium and saccharin, 

As described earlier, formation of N-cvclohexvhlulfa­
mate salts of several drug substances has ,;roduced better 
tasting derivatives with enhanced solubility properties (:31, 
32). The physicochemical and toxicological properties of 
benzalkonium saccharinate and a series of saccharinates 
of other quaternary ammonium compounds were reported 
(151). While conventional quaternary ammonium com­
pounds have a very bitter taste, their saccharin analog·s are 
sweet. 

Potassium salts frequently possess an unpleasant. taste 
and a metallic aftertaste. The palatability 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
ability. 

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

Stability-The chemical and physical stability of a 
pharmaceutical must be known, because it can influence 
the choice of dosage form, the manufacturing and pack­
aging, and the therapeutic efficacy of the final preparation. 
Systematic determination of the thermal stability, solution 
stability (at various pH's), and light sensitivity of a drug 
and ;t:; dc!"!".'!!t1ves, ti~,!h .Alone and in the presence of 
common additives, provides essential input toward se­
lectinp, the most suitable dertvative and d(w.ai~e form. 

Depending on the route of degradation, different salt 
forms impart different stability characteristics to the 
parent drug by various mechanisms. Most commonly used 
are sparingly soluble salts which, when used in the for­
mulation of suspensions, reduce the amount of drug in 
solution and, hence, its degradation. Differences in hy­
groscopicity of several salts influence the stability of the 

drug in the dry state. In some cases, the salt-forming rad· 
ica! itself enhances the stability of the parent agent. 

The stability of penicillin G and its salts has been widely 
studied due to the dmg's therapeutic importance and its 
characteristic instability. Schwartz and Buck waiter (l f>:H 
described some of the stability characteristics of this an -
tibiotic, stating that, with present techniques. a solution 
of penicillin cann,>t be made stable for more than 2 weeks, 
even at refrigerator temperatures. They also discussed the 
use of suspensions of sparingly soluble amine salts in 
aqueous vehicles as a means of "allowing marketing of a 
'ready-made' penicillin product." Procaine., henzathinP. 
and hydrabamine salts are marketed, and their acceptable 
stability as aqueous suspensions is based mainly on their 
insolubility and the minimization of degradation in solu­
tion. 

A theoretical treatment of the solubility of these salts 
was presented in which equations were derived for calcu­
lating the solubility as a function of pH and the pH of 
minimum solubility (154, 155). These equations are based 
on the mass action law and i!3 relationship to the ionization 
constants of the amine and the penicillin and the solubility 
of the salt in water. Since the salt in solut i,m is partially 
dissociated, further suppression of the solubility may he 
achieved by the common ion effect. Swintosky et al. (1.56) 
demonstrated this effect with penicillin G procaine by 
adding procaine hydrochloride to the preparation and 
further enhancing its stability. The 8-chlorotheophylline 
salt (or complex) of penicillin G was. eported to be water 
soluble, yet stable in soiution (157). Since 8-chlorotheo­
phylline is acidic, it has been postulated that a buff er effect 
could account for the stabilization of this "salt." 

WhiJe 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 60°. The 
sodium and potassium salts are known to withstand 
heating up to 100° for 4 days with little loss in potency 
(158). This behavior might well be due to differences in 
melting points-viz., 106° for penicillin G proeain':' 2nd 
---215° dee. for the potassium salt. 

Since hydrolysis of penicillin is dependent on moisture 
c.:mtent, preparations in which moisture is rigorously ex­
cluded are quite stable in the dry state. A study on the ef­
fect of moisture on penicillin salts found the calcium salt 
to be less hygroscopic than the sodium salt and, hence, 
more stable in moist atmospheres (159). Similarly, peni­
cillin G potassium is also much less hygroscopic than 
penicillin G sodium 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 and the 
mononitrate (161-163). The mononitrate is observed to 
be less hygroscopic and is accordingly rrn.1ch kss w:::.ter 
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
hilities of numerous thi2mine salts were studied in aqueous 
solution and in dry powder preparations with various ex-· 
cipients (166, 167). In aqueous solution, the resulting pH 
was the chief factor cont.roiling hydrolysis and oxidative 
decomposition of thiamine salts; their stability as powder 
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preparations was related to their aqueous solubility, with 
the sparingly soluble salts being more steble (and pre­
sumably less hygroscopic). 

An orally administered drug must be stable in acidic 
solµtion because it generally must pass intact through the 
acidic environment of the stomach if it is to exhibit ther­
apeutic blood le\.>'els. The advantage of erythromycin es­
~o~ate over the free base lies in its low solubility in gastric 
Jmce, which enables it to be administered with food with­
out any decrease in attained blood levels. The salt is more 
stable in the stomach becat 1e it remains undissolved. 
Therefore, it retains its potency even when exposed to 
acidic environments for extended periods (144). 

In a study on the preparation and characterization of 
lincomycin cyclru-nate (33), it was noted that the cyclamate 
salt had an enhanced thermal stability over the hydro­
chlorid<:!. In ~ :;:.!bsequent report (168), differential thermal 
analysis and theri.~ogravimetric analysis showed that while 
the hydrochloride easily undergoes thermal degradation, 
the cyclamate anion confers a considerably greater thermal 
stability on the lincomycin moiety. 

Mullins and Macek (169) showed that the physical and 
chemical stability of the calcium salt of novobiocin makes 
it the form of choice for the formulation of a liquid prep­
aration of the antibiotic. The amorphous calcium novo­
biocin salt proved to be tasteless, yet fully biologically 
active and perfectly stable in aqueous suspension. Neither 
the sodium salt nor ihe free acid is suitable; the sodium salt 
cannot be formulated in a liquid due to its chemical in­
stabih ty, while the crystalline free acid is not absorbed 
from the GI tract. Amorphous novobiocin is absorbed but 
is metastable in solution and slowly converts to the un­
absorbed crystalline form. 

Other reports of alterations in stability characteristics 
due to salt formation are listed in Table VI. 

Miscellaneous Properties--The salt form has been 
reported to influence other physicochemical properties of 
a drug substance. Studies illustrating the effect of the 
salt--forming radical on surface tension, deaggregation 
behavior, and ion-pair extraction have appeared. 

The influence of the anion on the absorption processes 
of two charged species, dextromethorphan and tetracy­
cline, was studied in the rat stomach (186, 187). A linear 
relationship existed between the rate of absorption from 
buffer solutions of the anions under investigation and their 
surface tensions. Thus, the absorption process was related 
to the surface activitv of the various salts and not to their 
lipid solubilities. This change of surface activity with the 
buffer (or salt) species is similar to the results reported in 
a study of the surface activity of various phenothiazine 
salts (188). 

The antibacterial chlorhexidine possesses surface ac­
tivity. A study of the colloidal properties of some chlor­
hexiriine salts showed that the counterion can affect the 
criticalc micelle concentration of a surface-active agent, and 
this effect was usually associated with a change in micellar 
size (189). 

The deaggregation behavior of a relatively insoluble acid 
and its sodium salt was studied, and deaggregation was 
postulated to be a possible rate-limiting step in the ab­
sorpticn of a drug from~ cloi-age form OHO). While no di­
rect comparisons of the two forms were made, inspection 
of the data shows that the deaggregation rate of the salt 
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Table VI-Additional References on Sult J?o:rm and 
Stability 

----·----·-------------·------------
Topic HPference -------------

Stability of chlorhexidimi solutions l 70 
Stahilitv of chlorhexidine when autoclaved 17 I 
Anhydri>tetracycline and 4-epianhydrotetrncydine in 172 

marketed tetracycline and aged tetracycline products 
Solid-state stahilitv of some <·rvstalline vit..imin A I 7:l 

compounds · · 
Physicochemical studies on the stahility of penicillin salts J 74 
Light sensitivity of tetracyclines l 7!i 
Hy/!roscopic properties, thermostahility, and solubilitv of 176 

oleandomvcin salts · 
Stability of ;m,tic acid and its amine salts in aqueous 177 

solution 
Some factors influencing the stability of tablets (aspirin) J 78 
Stahility of aquenus solutions of sodium aminosalicvlate J 79 
Hygrosl:opic properties of varinus preparations of · J 80 

ervthromvcin 
Physicocbernical studies on the decomposition of !81 

aminosalicylic acid and its salts 
Stabilities o(aqueous solutions of 2-diethylaminoethyl-:i- J 82 

rnethyl-2-phenylvalerate hydrochloride and its 
methobromide 

InveRtigation of some properties of penicillin G salts J 8:l 
Stability of ferrous iron tablets on storage 184 
Stability of aspirin aluminum compounded with antacids I8fl 

was considerably more rapid than that of the free acid in 
equivalent dosage forms. Therefore, if absorption is de­
pendent on the dissolution rate, which in turn is dependent 
on the deaggregation rate, the salt should produce the 
highest and earliest blood levels. On the other hand, it is 
po!ssible that hygroscopic (and delil;uescent) salts can 
absorb atmospheric moisture, cause a st.icky surface, and 
inhibit deaggregation. 

Higuchi and coworkers presented an extensive study on 
the physicochemical basis of the ion-pair extract.ion of 
pharmaceutical amines. Distribution ratios of dextro­
methorphan (191) and chlorpheniramine {192) between 
an organic layer and water wer., highly dependent on the 
concentration and nature of the anion present. Less hy­
drophilic anions yielded more readily extractable ion-pairs. 
A study of the thermodynamic properties, ent.h::ilpy; frel:' 
energy, and entropy, involved in the extraction equilibria 
of dextromethorphan ion-pairs indicated that the entropy 
change associated with transfer of the different anions 
between phases is the main controlling factor in the ex­
traction process (193). 

BIOA V AILABILITY 

Most drugs prescribed in the United States are admin­
istered in solid and polyphasic dosage forms. Conse 
quently, dissoluti,m of the drug must precede the ab­
sorption process. The simplest modei ihat adequately 
describes this process is shown in Scheme IL 

. dis~olut ion ahsorpt ion 
solid drug dissolved drug drug in circulation 

Schl'me II 

Since tht dissolution rate is generally slow for drugs with 
poor solubility, Step 1 is frequently rate limiting in the 
overall absorption process. As a result, the onset, intensity, 
duration of pharmacological activity, and, hence, bi~> 
availability are affected by changes in dissolution rate. As 
discussed previously, administering a salt of the parent 
drug often proves to be an effective means of altering dis­
solution rate and absorption. 

I 



Formulation Effects · · 

Topic Hcferl'nce 

Effects of various suhstances on the ab8orption of I !)7 
tetracycline in rats 

Effects of dosage form upon the(; I absorpt;on rate of I :lf, 
salicylates 

Determination of in uivu and in vitro release of 198 
theophylline aminoisobutanol in a prolonged-action 
system 

Ion-exchange resin salts for oral therapv: carhinnxamine l !l!J 
Latentiation of dihydrostreptomycin hv pamnate lo 

formation · 
Solid-state ophthalmic dosage systems in ef'fectinl,( 17 

prolonged releasP. of pilocarpine in the cul-de-sac 
Ab,;orption of erythrornydn: various pharmaceutil'ul 200 

forms 
Comparative study of the absorption of drugs from old 20i 

and new rectal preparations 

Formulation Effects-Choice of the salt form of a drug 
may have a pronounced effect on the formulation of the 
parent compound. For example, Fenton and Warren (194) 
found there was no release of medicament from proflavine 
cream BPC, a water-in-oil emulsion containing 0.1 % 
proflavine as the hemisulfate salt. They also investigated 
the release of various salts of proflavine with aliphatic 
carboxylic acids from water-in-oil cream emulsions. Salts 
formed with the water-soluble, oil-insoluble "lower" acids, 
such as formic and acetic acids, showed very poor release 
from a water-in-oil cream. The "higher" acid salts (e.g., 
n-valeric, caproic, cyclohexanecarboxylic, and 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 
agreeme.1t with their preferential oil solubility. The n­
valerate salt provided the most Bffective water-in-oil 
cream. The primary factor responsible for diffusion of 
proflavine from a water-in-oil cream is the low hydro­
philic-lipophilic balance conveyed to the salt by the acid. 
This finding illustrates the desirability of carefully se­
lecting the salt anion of a cationic drug in lieu of the nature 
of the dosage form. 

Studies of the effect of formulation on the bioavailability 
of warfarin sodium relative to warfarin yielded interesting 
results (107, 195). Absorption of warfarin upon adminis­
tration of the sodium salt as a lactose-base tablet was no 
better than that from a similar formulation 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 vivo. The virtual in­
solubility of warfarin in acidic gastric fluids precluded its 
absorption from the stomach. However, the strongly acidic 
medium was necessary for tablet disintegration. which, in 
turn, was critical for absorption. Following initial exposure 
to 0.1 N HCl, in vitro dissolution of the warfarin tablet in 
pH 7.4 buffer was 14 times faster thar1 ihat of the sodium 
salt, a result that explained the otherwise contradictory 
in vivo blood level data. Therefore, absorption was ulti­
mately det1endent upon gastric emptying rate and gastric 
pH, as long as the formulation disintegrated properly in 
the stomach. 

The rectal absorption of aspirin, aspirin aluminum, and 
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studied in dogs ( l 96). The absorption of aspirin aluminum 
from either cocoa butter or a polyethv!erw glycol ha!-.e wa"' 
poor. While the maximum salicylate levels produced by 
aspirin and calcium carhaspirin from thP cocoa butter base 
occurred at a later time than from the other hases studied, 
minimal plasma levels were exhibited hy a polysorbate 61 
base formulation. The highest peak and largest area under 
the blood level curve were seen with calcium carbaspirin 
in a vegetable fatty acid glyceride base. The poor absorp­
tion of aspirin aluminum from suppositories was not 
unexpected since it is poorly soluble. Furthermore, as 
pointed out for aspirin aluminum tablets (1 Oi\, lOG), an 
insoluble aluminum compound may form on the surface 
of the dissolving drug, further impeding its dissolution rate 
and bioavailability. 

Additional references on bioavailability and formulation 
effects are giver. in Tab!(, VII. 

Absorption A!teration---Several years ago, clinicians 
claimed that certain salts of theophylline \:Vere therapeu­
tically preferable to other salts or to the free <\cid 1202-
204). For example, Schluger et al. (204) found higher biood 
theophy!line levels after administering uncoated tablets 
of theophylline ethylenediamine than were obserYed with 
enteric-coated tablets of choline theophyllinate. These 
results were at variance with the in t'ivo work of Gagliani 
et al. (202), who found that the oral ingestinn of choline 
theophyllinate produced significantly higher blood levels 
than the ethylenediamine salt. This apparent discrepancy 
could he explained by the formulatio,1 effects of tablet 
coating, etc., which was not discussed in the work of Gag­
liani et al. In another study, a slightly more rapid rise in 
blood concentratinn and a greater area under the curve 
were observed with theophylline isopropanolam ine than 
with theop~ylline ethylenediamine (20:H. It was suggested 
that the difference was a result of the greater \lvater :mlu­
bility of the isopropanolamine salt. 

The in vitro dissolution rates of the choline and iso­
propanolamine salts of theophylline have been observed 
to be three to five tinws grei~ter Llum the cthylcncdiamiae 
salt, depending on the dissolution medium (98). It has been 
suggested that these differences in dissolution rate are 
consistent with, and offer an explanation for. the clinical 
results. 

In a comparative study of the absorption of ampicillin 
trihydrate and ampicillin potassium following oral ad­
ministration (205), the potassium salt yielded :1,<i;, higher 
peak levels and a larger area under the curw. Only :36°1t, of 
the administered ampicillin trihydrate was absorbed while 
5:1% of the potassium t,ait was absorbed. Determining the 
percentage of each drug eliminated in the urine showed 
that :39% was eliminated following admi!1istration of the 
trihydrate and 52<:Jf, from the potassium sait. The entire 
difference between the two drug forms was accounted for 
in the initial 4 hr postadministration. 

Several studies compared blood levels obtained with 
ervthromvcin and its salts and e~'!ers. Ervthromv('in Ps­

toiate prc;duced blood levels that were se~eralfol<i higher 
than those obtained with erythromycin base or t'r:,:t hro­
mycin stearate ('.?.OH '!08\. ThP"'P diffc-re:n('t'!-' wne found 
to persist in the fasting as well as nonfasting suh_je('ts (:2071, 
indicating that food did not appreciably alter the absorp­
tion of erythromycin estt)late when given under single or 
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multiple dosing (207). This finding is explained by the fact 
that this salt is acid stahle and alkaline dissociable, per­
mitting its passage through the acid of the stomach both 
in fasting and nonfasting subjects (209). Accordingly, the 
antibacterial activity remained essentially the same when 
this form of erythromycin was given, regardless of the state 
of fasting of the subject (209). 

On first inspect.ion, the higher serum levels attained with 
erythromycin estolate suggest that the salt form is more 
readiiy absorbed. Also critical to efficacy, however, is the 
volume of distribution of the drug, since extensive binding 
to plasma proteins can render a drug unavailable for ac­
tivity at the biophase. Therefo,.,, the significance of blood 
level data greatly depends on the measure of the free or 
unbound fraction of total antibiotics in the blood, which 
more directly indicates probable therapeutic benefit. 

Wiegand and Chun (210) showed that, dBspite the 
higher blood lev.,ls attained with erythromycin estolate 
(after (;t)rrection for half-life differences), the stearate salt 
produced seven times more free drug in serum than did the 
estolate salt. This finding explained the higher total tissue 
leveis observed on administration of the stearate. They 
attributed the difference to a greater serum protein 
binding of the intact erythromycin estolate, proving that 
its higher serum levels did not necessarily reflect more 
efficient absorption. 

Marked differences have been observed following oral 
administration of various salts of penicillin. Penicillin G 
potassiurr, has been cmnpared with penicillin G benzathine 
(bcnzethacil) (211,212), penicillin G hydrabamine (213), 
penicillin V (214), penicillin G procaine (212), and peni­
cillin G ammonium (215). As anticipated, penicillin G 
potassium produced higher and earlier blood levels than 
penicillin G henzathine (211, 212). Furthermore, tablets 
of penicillin G potassium buffered with sodium citrate 
~:ielded higher peak levels than unbuffered penicillin G 
potassium. While the absorption of buffered tablets was 
apparently not significantly affected by food intake, the 
unbuffered tablets yielded lower average levels and ir­
rtot;ular absorption under similar conditions. 

\Vhen penicillin G potassium was compared with peni­
cillin G hydrabamine (21:3), a less soluble salt, blood levels 
similar to those produced by penicillin G benzathine were 
ohRerwd. \Vhen equivalent doses were administered, the 
penicillemia that occurred with penicillin G hydrabamine 
was only <>i1e-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 
ohtai1wd with penicillin G procaine and five to six times 
those of penicillin G benzathine, indicating a more rapid 
rate (If ahsmption. The therapeutic action was related to 
the maximum concentration attained, but it also depended 
on the persistence of penicillemia, which was g-reater with 
pe!liciilin G potassium than with the other two compounds. 
The authors suggested that the lower blood levels attained 
\Vit h the rt-fc1l ivt~ly ~i'i~,:,l(it,!c pcrdci!li~ G benzathine were 
mused l,y its destruction in the G! tract prior to absorp­
tion. This suggestion seems unlikely, however, since the 
drug should not degrade very rapidly as an undissolved 
suspension. 

Hecam,e of its superior st.ability in gastric juice, penicillin 
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V produces higher blood penicillin levels than corre­
sponding doses of penicillin G. As a result, exten1sive in­
vestigations have been conducted with various salts of 
penicillin V (99, 214-220). For instance, tablets, capsules, 
and oral suspensions of penicillin V acid produced signif­
icantly higher blood concentrations than comparable 
penicillin G preparations (214). In the ;:;ame study, the 
average serum levels produced by the bcnzathine salt of i 

penicillin V were significantly higher than comparable I 
doses of penioiUin G benzathine for the first 4 hr but lower j 

thereafter, again illustrating the value of using an .insolublP ·1 
salt to prolong blood levels of an acid-unstable compound. 
In another study (215), penicillin V acid was shown to 1· 

produce higher and more prolonged plasma concentrations 
than either penicillin G potassium or ammonium, whose 
properties were comparable. 

Plasma levels were correlated with dissolution rates of 
various forms of penicillin V (99). As solid dosage forms. 
the readily soluble potassium and calcium salts produced 
earlier and higfo~r b!oed !eve!s in fasting subjeets than ei­
ther the free acid or its benzathine salt. On the other hand, 
when thu 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 •!(:>96 better absorbed than the free acid 
in fasting subjects, both forms produce therapeut.ic levels 
when administered with food (218). 

Experiments v;ith fistulated dop, indicated that pfmi­
cillin Vis absorbed primarily from the stomach. Therefore, 
it is not surprising that the potassium salt should show 
higher h!~>od levels on oral administration since it is the 
most solub!e salt in gastric pH (216). In accordance with 
this observation, it was also reported that the benzathine 
salt exhibited higher serum levels in patients with gastric 
achlorhydria (pernicious anemia) than in patients with 
r;ormal gastric function (2:i~}). Differences in gastric 
emptying time may also explain this resuit. 

Several studies compareG the absorption uf tctracydini> 
and its salts (108,221,222). For example, serum conce,:­
trations in dogs and humans showed that a phosphate 
complex salt of tetracycline was absorbed more rapidly and 
gave higher blood levels during the first 6--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 thai tetrac~·cline base 
produced higher blood levels than tetracvdine h\'dro­
chloride. However, a subsequent invest.igat ion ·,:tz:n 
showed that, in the absence of adjuvants or -fillers, tetrn­
cycline hydrochloride and tetracydine base were a b,-orhed 
equally well. Result..<; obtained in this same studv indicated 
that tetracycline hydrochloride encnpsulated ·with citric 
acid produced higher serum concentrations than t et racy­
dine hydrochloride mixed with hexametaphosphate or the 
phosphate complex salt of tetracycline. 

In R !'.tuclv romnarinl! 11rinarv PX,'rt>1 ion rntr>s nnd i11 1,it ru 
dissoiution: the a!Jsorptfon of tetracycline and tel racyrline 
phenolsulfonaphthaleinate was rate iimit<•d liy tlwir dis­
solution rates, whereas tetracydine hydrod1loride ab­
sorption was rate limited by the absorption proc(•ss itself 
(10:H. 
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parative availability (224). In particular, the blood levels 
obtained with the relatively water-insoluble hexadecyl­
sulfamate salt were compared to those of the hydrochiortde 
following oral administration. Higher and extended whole 
blood and serum concentrations were obtained in mice, 
rats, and dogs with the hexadecylsulfampt.e. However, 
subcutaneously administered lincomycin did not produce 
significantly different fractions absorbed, regardless of 
which salt was administered. It is not known whether the 
greater area under the curve with oral administration of 
lincomycin hexadecylsulfamate is due to greater absorp­
tion from the GI tract, slower renal clearance, or greater 
enterohepatic circulations. 

Salts of streptomycin, neomycin, viomycin, and strep­
tothrycin have been formed with: (a) polyacrylic acids, (b) 
sulfonic or phosphorylated polysaccharides, and (c) nat­
ural polycarboxyl acids from a series of polyuronic sub­
stances and polysaccharide derivatives containing carboxyl 
groups ( 18). The report indicated that these salts were 
absorbed from the injection locus primarily by the lymph 
system. Blood levels from the salts were generally lower 
but were maintained for a longer time than the equivalent 
amount of antibiotic alone, and higher concentrations of 
longer dmation may actually be produced in the lymphatic 
drainage. 

The influence of salt formation on the onset and dura­
tion of pharmacological activity also was illustrated with 
tolbutamide and several of its salts (101 ). Following oral 
administration. the sodium salt produced a raµid dec1 ~ase 
in blood sugar level followed by a rapid recovery. By con­
trast, the free acid of tolbutumide caused a slow and pro­
longed drop in blood sugar level, a preferred effect since 
the chance of hypoglycemic shock would be lessened. This 
finding also illustra~s the often overriding influence of the 
actual disease state on the choice of drug form. 

Additional references on the implications of salt for­
mation on abgorption are listed in Table VIII. 

Pha.r.m~cokineiics-Because of the various new 
p.ropl~rt.ies that are usually imposed on n compound by salt 
formation, the pharmacokinetics of the drug necessarily 
change as a function of these properties. 

For example, a pharmacokinetic evaluation comparing 
ampicillin sodium and potassium with amoicillin trihv­
drate was performed after oral administration to beagle 
dogs (24;H. The absorption rate constants of the sodium 
and potassium salts, which were similar, proved signifi­
cantly greater than the rate constant of ampicillin trihy­
drate, resulting in earlier, higher peak concentrations with 
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 of the amgicillin trihy­
drate was the rate-limiting step in its absorption, the 
overall extent of bioavailability remained unaffected. 

An interesting study of the biliary excretion of eryth­
romycin base and erythromycin estolate was reported 
(244). The biliary excretion of erythromycin base was high, 
while that of erythromycin estolate was much lower; 
preferential secretion of erythromycin in the bile could 
partially account for the lower serum levels exhibited by 
the base. However, the proportion of the ingested dose 
secreted in the bile was small, and the total amounts in-

a uu1c v 111-~uun1ona1 nererences on nmavauan1111y 
and Absorption Alteration 

----·-····-·-·-··········-·········· 
Topi<· 

Blood le,·l•ls rm,dueed by thr£>e theoph~·llint--r·ontaininiz 
elixir~ 

NaproxPn oral absorption charaeterist ks 
Eff'Pct of food on absorption of a nPw form of 

erythromycin propionat!' 
Effect of the anion nn the absorption of tetrncyelin<• from 

the rat stomach 
Blood :,~vels followini,( oral admiv.1ist~ation of d•ffereni 

preparations of novobiocin 
Absorption of iopanoic add and its sodium ,-alt 
Oral absorption of secobarhital (quinalharbitnneJ and its 

sodium i;alt 
Absorption rate of harhitmates in humans 
Morphine and atropine rnucate 
Excretion ~·f hephenium salts in urine of human 

volunteers 
Po!:v~~thylene bis( isothiuronium) salt:-: ant it u hem1 losi, 

adiv1tv 
Prolonged antihtssive action of a resin-bound Jl()S('api1w 

preparation 
J>lmrmacoloio: of su!fapyridine ,rnd sulfat hiazol,· 
Fva!ua1iPn of plasma concentratiom, of' propox:vplwni: 

utllizing a hybrid prim·ipal component analv,is of 
rnriance technique: equimolar doses · 

Antrydde, a new trypanocidal drug 
Pralidoxime methanesulfonate: plasma IPvds and 

pharmaC'okineti<-s after oral administratim1 to human~ 
lnt(•Hlinal absorption of pralidoxinw and olht'r aldoxinw,, 
Hlood plasma levels and 11limination of ~alts of 

pralicloxime (2·PAl\1) in humans after ornl 
admini!l(ration 

Enham,(mwnt of GI absmption of a quaternarv 
am munium ,·m:ipnmirl hy t rkhloro:wetat P · 

•)•} ... h __ , 

volved were not sufficient to account entire Iv for the dif­
ferences in serum concentrations attained. tindoubtedlv, 
the protein binding studies of Wiegand and Chun ( 21 \)) 
(discussed under Absorption Alteration) more sat isfac­
torily explain the difference in serum concentrations. 

Often, salt formation can be used to modify dri 1g ab­
sorption and dose tolerance favorably. For example, ami­
nosaiicylic acid exhibits a short half-iife and, therefore. 
requires Jarge and frequent doses which may cause gastric 
irritation. Consequently, different chemical torms such as 
salts have been prepared (119, 245--247) to rtduce the in­
cidence of gastric irritation, increase absorption, and 
prolong blood levels. 

AminosaHcylk add fa ~!1 inten~s.tinrr exanrnle in other 
ways; con5'iderable confusion about this drug exists be­
cause many fail to recognize it::: nonlinear pharmacoki­
netics. Several definitive studies were reported regarding 
the absorption 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 its salts was essentially complete. 
Absorption of the free acid from tablets reached onlv 77°/o 
of the dose, whereas that of the tableted salts was rapfd and 
complete. 

Regardless of formulation, the area under the plasma 
concentration-time curve of unmd.abolized drug from free 
arid administration was less than that for the salts. This 
result was attributed to concentration-dependent me­
tabolism du:dng 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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Table IX-Additional Reference;; on Bioavailability and 
Pharmacokinetics 

Topk Reference 

Ph<!rmm·odynamics of fosfomycin ( phosphonomycin) after 248 
intrnvenous administration to humans 

Pharmacodynamic~ of pho~phonomycin after oral 249 
administration to ht:mans 

Comparativr studies on <l1stribution, excretion, and 250 
m;.>tabolism of '1H -hvdroxvzine and its 14C-methiodide 
in rats · · 

Pharmacokinetics of ampicillin trihydrate. ampicillin 251 
:,;odium. and didoxa<·illin sodium following 
intramuscular inject ion 

Phyc,iological disposition of fenop~ofen in humans: 252 
phamrncokin~tic comparison of calcium and sodium 
salts administered ora!l~· 

when the absorption rate is low, as for the free acid, a 
higher percentage of drug is metabolized. 

Additional references regarding bioavailability and 
pharmacokinetics are presented in Table IX. 

GENERAi.. PHARMACY 

Pharmacological Eff ect--Chlorpromazine hydro­
chloride and quaternary chlorpromazina chloride were 
investigated with respect to their effects on the central 
nervous system (CNS} (25:3). The quaternized compound 
was less potent and more to,. :c in rodents than the parent 
tertiary compound. 

Naloxone. an effective opiat.e antagonist, is generally 
used as the hydrochloride salt; however, the drug has a very 
short duratinn of action. The mucate salt was prepand to 
extend its duration of action, since mucic acid is only 
slightly soluble in water (254). In a test on the blocking of 
morphine activity in mice, however, the mucate salt did 
not differ in duration from the hydrochloride. These in­
vestigators assumed the same receptor site for naloxone 
as for morphine and, since Heron's (2:32} 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 disproved this 
hypothesis. Furthernwre, 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 screened for antifungai and antibacterial 
activity (255-257). By using salts of fatty acids, the anti­
fungal action was found to parallel the length of the carbon 
chain of the anion, with maximal activity occurring with 
acridine caproate, undecylate, and undecylenate (where 
undecylenic acid also exhibits some intrinsic antifunga! 
activity) (255). This result appears reasonable, because 
t~ese salts would be more lipid soluble and could be ex­
pected lo pass through the cell wall of the infecting or­
ganism more readily, probably as an ion-pair. 

The efficacy of bases or salts as topical anesthetics kr 
relieving cutaneous itch, burning, and i)ain in unbroken 
skin has also been examined (258). In these experiments, 
itching and pricking were inducted by an alternating cur­
rent of low amperage and voltage applied to the skin or bv 
exposure of the skin to UV light. Interestingly, aqueous 
solutions of salts of the local anesthetics did not alleviate 
itching or burning in any of the subjects, although ::;at.u­
rated solutions of their bases in a mixture of water, 40'Vo 

II I ,Joumul of /Jharmac1•utirnl Si'il'nc,.'s 

Ta Me X··--Additiona? .References on Genera! Pha.rmacy 
and Pharmacological Effect 

Topic Reference 

Differential excretion of bromide and chloride ions and its 259 
role in hromide retention 

Pharmacological study of calcium met.hionate 260 
Synthesis and in uit m fungi st.a tic evaluation of some N. 261 

substituted amides and amine salts of sorbic acid 
Antiamebic studies on clamoxyquin (5-chloro-7 -1((3- 262 

diethylaminopropyl)amino]methyl)-8-quinolinolj i11 

i•itro and in experimentally infected animals 
Adjunctive value of oral prophylaxis with •:he oximes 26a 

pra!idoxime (2-PAM) lactate ar.d pralidoxime 
methanesulfonate to therapeutic administration of 
atropine in dog!-> poisoned by inhaled sarin vapor 

Pralidoxime (2-hvdroxvirninmnethv!-N- 264 
methylpyridin1um) methanesulfiinate and atropine in 
the treatment of severe organophosphate poinoning 

Efficacy and limit.at iom; of o:dme--at.ropine treatment of 265 
organophosphorus anticholinest.ernse poisoning 

Antitu1,sive activity of enoxolone (glycyrrlwtinic acid) and 266 
it.s derivatives 

Pharmaeological properties of gly<·yrrhet.inic add 267 
hydrogen ~uccinat.c (disodium salt) 

(;anglionic bhwking acti,·:ty of ,iiasteremneric 268 
dimethvlaminobornvl acetates and their methiodides 

A new potent nonnarci,tic antitussive, 1-melhyl-:l-!bis(2- 2119 
thienyl lmethylenejpiperidine: pharmacology and 
clinical efficacy 

alcohol, and 1096 glycerol were claimed to be effective. Such 
transport phenomena across the stratum corneum are 
often dependent vn the polarity of the drug and vBhide 
and on the binding of the drug to keratin. 

Additional references on pharmacological effects can be 
found in Table X. 

Dialysis-Diaiysis through a cellophane membrane of 
the hydr:~chloride or sodium salts has been studied with 
several drugs (270). In many cases, it ~ppeared that the 
ionic form of the drug was bound to the membrane whereas 
the nonionized form was not. Ephedrine hydrochloride 
presented an interesting example, however, since it di­
alyzed considerably faster than its corresponding base. It 
was theorized th1t the chloride ion dialyzed rapidly, en­
hancing the rate of dialysis of the ephedrine ion. Accord -
iugly, when chloride ion was pre~~nt on both sides of the 
membrane, the observed rate of dialysis for the ephedrine 
ion was comparable to the ephedrine base. 

The diffusion of sodium chloride through a lipoprntein 
interface was very slow, especially if calcium chloride was 
present on both sides of the interface (271 ). In the presence 
of low concentrations of choline chloride or carbamyl­
choline chloride, the diffusion of sodium chloride is more 
rapid. Appar"\ntly, choline salts are able to inc1ease the 
permeability of the lipoprotein to salts, which may relate 
to the physiological action of choline salts. 

Miscellaneous-Release rates were determined for 
aminophy.iline, ephedrine alkaloid, and ephedrine hy­
drochloride from theobroma oil suppositories containing 
nonionic surfactants (133). While surfactants with hy­
drophilic-lipophilic balance (HLB) values less than 11 only 
minimally affected release rate, rates increased with sur­
factants 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 salts as an approach to the physicochemical 
design of dosage forms. Poly(methyl vinyl ether/maleic 



mmyurme, 1>61Ui l)j mcii,;,pyna;n~ W{'t{I preJHlrPd und 
tested with the freti h1uw for i11 vitro dilumlullon 1md dlnl­
ysis. Their dit-1.solution und dialyAiH ritt(>M wern not lll)J>t<'· 

ciahly different from the free drul( or itr1 hydrodlloriffo ntdl. 
Various poly(methyl vinyl uther/mnleic 1rnhydridti) hum­
iester salts of methapyrilene mchlhited ;1ub11tant ially ii.lower 
release than the polymer eth<lf suits, hydrol'.hluritfo Kiili., 
or free base forms. Polymer-<iru1< 11nlls t.hu11 OPJ>tNtr to htwl! 
promise. 

A series of metallic ~alt-i. of edetic (ethyJtmedlmnhw­
tetraacetic) acid were teHted in vitro tu dt,1t•rmlnc>. t.lwir 
effect on blood coagulation ,27:l). Tht> rmmJtg 1dmwed thut 
only the dipotasi;ium and disodium 1>1alts had anv effect on 
coaguiation. it was theorized thtlt. dm lack nf antlco1".gulunt 
activity resulted from an almo8t complete 11up1>resKion nf' 
ionization of the heavy metal isolt.K. 

Interesting research regarding the angina•tnevt,.ntive 
effect of some chromone-2-corhmiylnte KAlh showfld it di­
rect correlation hetween biological act !vit.y and pKn oft hu 
'.flalt-forming amine~ (274). 

Lin et al. ( l] 2) investigated the rel11tionJo1hiJ> hetwfwn 
salt form and biological adivity of a given antJhyporten­
sive. Whi!e th~ intrinsic dimmlutlon raWf'J of the di hydro­
chloride and ditmlfate salts were many fold li(reater t.htm 
the monohydrochloride, the hypotensive J>otendes of the 
salts did not differ significantly from one another in un 
anesthetized dog study. Yet, when administered to renal 
hypertensive dogs, the dihydrochloride and disulfote ~aits 
produced greater hypotensive effects than did the mono­
hydrochloride. 

Toxicity of Salt lon--Any discussion regarrJing the 
toxicity of salts of a drug must consider the pharmaco­
iogical prnperties of tho cation or anion used to form the 
salt as weU as those of the free drug, since any of these may 
produce toxic effects. The toxicology of several ions that 
are commonly used to form stilts nnd that are relevant to 
this review were discussed in depth (275). 

Toxicity from ingestion of calcium salts of drugs is rare. 
If hypercalcemia occurs, however, calcium deposits in the 
kidney can bring on a reduction of renal t'um~tinn. '!'h~ 
principal toxic effecta of lithium altm involve t.he kidneyi.. 
When small amounts of lithium are taken, no appar(mt 
damage occurs; yet large amounts of the metal can hmd h1 
irreversible damage. An apparent correlation w11s oblu!rved 
between lithium dosage and 1mdium intake (276). When 
lithium dosa1re was low or sodium intake WaK high, rati,i 
• 11ere able to ;xcrete aJJ lithium given and KllKtained a re­
versible polyuria. Conversely, if large umnunu. of lithium 
were administered to the ruts or if their Kndium intnkt~ wni. 
lowered, they incurred irreversible kidney damngo. Am­
monium ion, although it serves a major rolu in malntunance 
of the add--base balance of the body, cnn be toxic in high 
concenteations and initiate CNS der1rngemen1H, 

Sulfate ions given orally tend to he minimully ub~orht•d 
and mav act as a laxative. The nitrate ion is irrit.oting to 
the GI tract, causing mrnKea and gastric dh,trcali. Ahw, in­
testinal buctcria may convert Ow nittui.c ion t.o nitrite 
which oxidizes hemoglobin tn meUwmog!obin. Tho citrut!' 
ion, an intermediary in carhohydrnte mutnhoiiHm, can form 
a soluble complex with calcinm which ii. poorly di,1H11dnble 

1111d rnruly cauKes any tox.ic reactions. While tBrtrate ions 
urn t1Hu111ly absorhed minimally from the GI tract, high 
,·otwt•ntrntions reaching the circulation can cause tenal 
d11ma1,tt~. 

Acetatt• and luct.ate ions are normal metabolites and 
appcur to h:: well tolPrated in relatively large amounts. 
lodicfr, and hromide io11s can produce conditions known as 
iodhnn m1d hromidism, respectively. Bromide intoxication 
occuri; quite frequently, since bromides are used as in­
i.trndienti. in some nonprescriptfon preparations (277-280). 
Bromid<.i i!l slowly excreted by the kidney <its half-life is 
I :l duy11) and tends to accumulate when taken for pro­
loni.rnd perlodi. or when used by patients with decreased 
rl'tml function (277). 

Toxicity of Salt 11~orm-Provided the salt-forming 
1tl(<'nb1 are nontoxic, the relative toxicities of a series of salts 
of a compound are often observed to reflect directly their 
nh!4orption rates. !<'or example, the toxicities of dibromide, 
dichloride, diiodide, and d1methylsulfate salts of quina­
pyram:11~:\ a trypanocidal d1ug, weie dc;terrnined (2:38L 
The i,;paringly soluble halogen salts were much less toxic 
l<luhcutoneously or intramuscularly than the freely soluble 
dimt.>thyJsulfate, yet all salts showed about equal toxicity 
upon intravenous administration. The difference in tox­
icities obviously resulted from rapid absorption of the 
methylsulfote compared to the slowly absorbed, poorly 
soluhle halogen salts. Similar reaso!1ing has been used to 
t,iip!ain the acute oml toxicity of propoxyphene hydro­
chloride in rodents, which is twice that of equimolar doses 
oft he napsylate salt (281 ). 

Several salts of benzphetamine and etryptamine were 
prepared as potential sustained-release formulations (114). 
The water solubility, in 11itro dissolution rates at pH 1.0 
and 7.2. and the median lethal times (L 1\0 ) were deter­
mined for each salt. Both the L 'I\0 and LD,,o (determined 
on only a few salts) increased as the in vitro dissolution rate 
at pH 7.2 decreased. While dissolution at pH 1.0 did not 
correlate well with toxicity, the LT,,0 's were inversely re­
lated to the square root of the dissolution rates at pH 
7.2. 

Toxicity studies comparing iopanoic l'lcid. a cholecys­
tographic contrast medium, with its sodium salt (115) 
!ihowed that the salt form has 10-fold !!reater toxicitv. The 
LDr,n's of the free acid and the salt w;;re 22 and 2.:32 g/kg, 
rer1pectively. It was postulated that the free acid precipi­
tated from the sodium salt upon its reaction with gastric 
hydrochloric acid. The fine, amorphous particles of pre­
cipitated acid had a greatly increased surface area and, 
therefore, dissolved 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. I<'or example, various inorganic and organic ions were 
used to prepare salts of methyl pyridinium-2-aldoxime 
lhat would have greater water solubility and would elim­
inate undesirable side effects due to the iodide ion (95). 
Even though the aqueous solubility of the majority of these 
i.alw was many times greater than the iodide, their toxi:'ity 
on a molar basis was not significantly different, with the 
1.•xe•eption of the dlhydregen phosphate salt which was 15°16 
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Table XI-Additional References on Toxicological 
Considei·atfons 

Topic Reference 

Toxicity and absorption of 2-sulfanilimidopyridine and it:. 28f> 
soluble sodium salt 

Sorbic acid as a fungistatic agent for foods: harmlessness 286 
of sorbic acid as a dietary component 

Toxicity and distribution of erythromycin 287 
Further toxicological studies with erythromycin 288 
Pharmacology and toxicology of erythromycin estolate 289 
Erythromycin propionate (propionylerythromycin): a 290 

review of 20,525 case reports for side-effect data 
New class of antibif,tic salts of reduced toxicity 22 
GI intolerance to oral iron preparations 291 
Comparative toxicology of iron compounds 292 
Influence of the dissolution rate of lithium tablets on side 12a 

effect 
Toxicity and tissue distribution studies on the 29:1 

hydrochloride, bismuth iodide complex, and a resinate 
of emetine 

Bacitracin zinc in pharmaceutical preparations 145 
New approach to quaternary ammonium compounds 151 
Pharmacology of choline theophyllinate · 294 

more toxic. Further research with or..imes revealed that 
other salts are alr-o toxic (282). 

GI bleeding is a common toxic effect of aspirin for a large 
percentage of the population. Consequently, a search was 
initiated for an aspirin derivative that would not induce 
GI blood loss (283). AH compounds prepared, however, 
including the sodium and calcium salts, caused GI hem­
orrhage with a severity similar to aspirin. 

Polyeue antibiotics are potent antifungal agents hut 
bear considerabie toxicity. Even though the methyl ester 
hydrochlorides of these compounds are more 1mluhle they 
retain almost all of their antifungal activity and, more 
significantly, show a uniform decrease in toxicity compared 
to their parent compounds (284). 

Additional references on toxicological considerations 
of salt formation are given in Table XI. 

CONCLUSIONS 

Salt formation is a means of altering the physical, 
chemical, and biological characteristics of a drug without 
modi(ying its chemical structure. Clearly, the salt form can 
have a dramatic influence on the overall properties of the 
parent compound. At present, selecting a salt form that 
exhibits the desired combination of properties is a difficult 
semiempirical choice. Pharmaceutical scientists now rec­
ognize these facts and are beginning to study the effects 
of different salt forms on the physicochemical properties, 
bioavailability, and toxicity of drug substances. 

Although n,)w only a few generalizations are available 
to predict the df ect of particular salt forms on the char­
acteristics of a drug, perhaps in time it will be possible to 
evolve increasingly more powerful generalizations re­
garding the effect of''" salt on the properties of its parent 
compound; In add\ion, we predict that polymer-drug salts 
will have a revolutionary effect on future trer1ds in drug 
therapy, particularly in the areas of reducing drug toxicity 
and in controlling the release profile of novel drug delivery 
system:,. 

REFERENCES 

( l) D. Walkling and ,l. Appino, /)rug Cosml'I. Ind., 112 (:!), ;l!) 

( 1 u,:i ). 
(2) N. ,J. Harper, ,J. Med. Phurm. Chem .. I, 467 { 1%9). 

l6 / Joumal of Pharmaceutical Science.~ 

(:I) N. ,J_ Harper, Progr. Drug Res., 4,221 (1962). 
(4) K. Munzel, ibid., !O, 255 (J 966). 
(;-,) V. ,J. Stella, Au.~t. J. Pharm. Sci., NS2 (2), 57 (197:H. 
(GI A. A. Sinkula and S. H. Ya!!rnwsky, J. Pharm. Sci., 64, 181 

(Hl7!i). 
(7) "Martindale The Extira Pharmacopoeia," 26th ed., Pharma­

ceutical Press., London, England, 197a. 
(8) L. C. Millerand W. H. Heller, in '"1974-75 Drugs of Choice," W. 

C. Modeli, Ed., Mosby, St. Louis, Mo., P- 26. 
(9) E. Saias, A. Jondet, and ,J. Phillipe, Arm. Phurm. Fr., 27, 557 

( i:169); through Ch<'m. Abstr., 72, 125018e (1970). 
(JO) H. C. Caldwell, A. 8. Rednick, G. C. Scott., G ,J. Yakatan, and 

D. Ziv, ,J. Pharm. Sci., 59, 1689 (197C). 
( i l) G. R. Coatney, P. G. Contacos, and J. S. Lunn, Am. ,J. Trop. Med. 

liy//., 13,383 (HJ64). 
( 12) P. E. Thompson, B. J. Olsezewski, E. F. Elsager, and D. F. Worth, 

,hid., 12,481 (196:l). 
( J;l) W. C. Miller, Jr., D. B. Marcotte, and L. McCurdy. Curr. Th<'r. 

Res., Cli11. Exp., 15, 7(Y~ {1973). 
(14) H. L. Goldberg and L. Nathan .. Psychosomatics, 13, 1:u 

(1972). 
(Ir>) E. F. Elsager, Ann. Rep. Med. Ch?m., t965, 137. 
(16) H. A. M. El Shibini, M. Abdel Na~ser, and M. M. Motawi, 

l'harmazil'. 26, 6::W ( 1971). 
(17) S. P. Loucas and H_ M. Haddad, ,/. Pharm. Sci., 61, 985 

( !972). 
1181 P. Malek, .J. Kok, M. Herold, and J. Hoffman, in "Antibiotics 

Annual, 19fJ7 --1958," Medical Encyclopedia, New York, N.Y., 1%8, p. 

t Hl) H. F. Duesel, H. Berman, and R. ,J. Schact""r. J. Am. Pharm. 
A.,-.~uc .. Sci. Ed., 4:l, 619 (1954). 

C.W) B. F. Duesel and T. I. Fand, int Rec. Med. Gen. Pract. Clin., 
I 1i7, 24f) I Hlf),1 ). 

(:.!I) H. H. Broh-Kahn, ibid., 173,217 (1960). 
(:.!21 F. A. Alvl•s, M. F. C. A. N. Graca, and H. L. Baptista, Nature, 

!I'll, 182 llH/i8). 
t'.!:I) H. K<•ller, W. Kri.ipe, H. Sous, and H. Mi.ickter, Arzneim.­

J,'ur;o;rh., 5, 170 I l9Mi). 
l:!.\l Ibid., 6,61 (l9!i6). 
(2M H. Keller, W. Kriipl·. H. Sous, and H. Muckter, in "Antibiotics 

Annual, l!}M1-- l%H," Medical Encyclopedia, New York, N.Y., 1956, p. 
:1r1. 

<:mt A. C. Osterberg, J. ,J. Oleson, N. N. Yuda, C. E. Rauh, H. G. Parr, 
and L. W. Will. in "Antibiotics Annual, 1956-1957," Medical Encyclo­
ll!'dia, New York, N.Y., 1957, p. 564. 

t:.?7) H. Ducrot, 0. Leau, and C. Coser, Antibiot. Chenwther., 6,404 
( 1 !Jf,l\t. 

(28) H. S. Brigham and ,J. K. Nielsen, ibid., 8, 122 (19fi8). 
(W) M. Khristov, Khim.-Farmatsc-rL Zh., 11, 19 (1972). 
(:JO) A. Lasslo, C. Pfeiffer, and P. D. V:/all"'r, J. Am. Phann. Ass,ic., 

Sci. f:d., 48, :l45 (1959). 
(:ll) ,l. A. Campbell and J. G. Slater, ,J. Pharm. Sci., 51, 9:H 

( ]:)62). 
(:12) ,J. A. Campbell. ibid., 51, 270 (1962). 
(:l:l) G. A. Neville and ,J.C. Ethier. ibid., 60,497 (l97I}. 
(:14) T. Sdort.ino, Roll. Chim. Farm., 105, 22:l (1966); through Chem. 

Ahslr., 65, 622h (1966). 
(:15) ibid., 104, 292 (1965); through Chem. Abstr., 63, 678:lg 

(196:>). 
(:JG) W. P. Boger, S. C. Strickland, and ,J.M. Gylfe, Antibiot. Med. 

Clin. Ther., I, :l72 (19.55). 
cm C. L. Fox, ,Jr., South African pat. 68 oa, 461 (Oct. :n, 1968); 

through Ch,·m. Abstr., 71, :rn40la (1969). 
(:l8) ,I. W. Cusic. U.S. pat. 2,499,058 (Feb. 28, 1950); through Chem. 

Ah.,tr .. H, 4926g (1950). 
(:l9) .J. W. Cusic, U.S. pats. 2,5:l4,2aS-2,,5:34,247 (Dec. 19, 19.50); 

through <'hem. Abstr., 46, 527h-i 0952). 
(40) ,J. W. Cusic, British pat. 677,798 (Aug. 20, 1952); through Chem. 

Abstr., 4S, 4010a (1954). 
(4 l) C. D. Searle Co., British pats. 68:3,645 (Dec. a, 19521 and 68:l,236 

(Nov. 26, !9ii2); through Chem. Abstr., 48, ?.7fi9b (1%4). 
(42) ,l. W. Cusic, Science. 109,574 (1949). 
(4:l) M. L. Hobinett.e and F. W. Bope, J. Am. Pharm. As.~oc .. Sci. Ed .. 

H, :l2 ( 19:\:)). 
{44) D. ,J. Lamb and F. W. Bopc, ibid., 45,178 (19.56). 
(45) W. Bickers and M. Woods, Tex. Rep. Rio/. Med., 9, 406 

(l!}l>I). 



\ •ur •w, A>l\.,n.1,.,1,, Cl.llU !'fl, nuuu~, J.'C l'..TtJ.;l. u. ll!l('U., .Gil:: q;).S ( l~:f!)J J. 

(47) ,J.M. J-iolhert, L W. Crot!', and H. Smith,,). Am. !'harm. i\s."w., 
Sci. Ed., 44, :Wi ! I fif,5). 

(48) W. Morozowich and F. W. Bope, ibid., 47, ! 7:l ( J9fi8). 
(49) A. Halpern. N. Shaftel, and G. Schwartz, Anti biol. Che11wt/11·r., 

9, 97 (1959). 
(50) A. Halpern, N. Shaftel, and A. ,J. Monte Hovi, Am.,/. /'harm . 

130, 190 (1958). 
(51) P. A. Fernander, German Offen. 2,259,151 (,June 7, 197:l); 

through Chem. Ab.~tr., 79, 5:H02x (197:l). 
(,52) A. Reiner, German Offen. 2,3:)0,380 (,Jan. :n, 1974); thwui.:h 

Chem. Abstr .. 80, 100206b (1974). 
(5:3) ,J. R. Blanco, F. ,J. U. Fernandez, and L. S. Vinals, German Offen. 

2,144,679 (Dec. 21, 1972); through Chem. Abstr., 78, 71781h (1\l'7:l). 
(54) VEB Berlin-Chemie, German Offen. 2,316,721 (Dec. 20, 

1973). 
(55) M. T. Davies, ,J. Forrest, F. Hartley, and V. Petrow, J. /'harm. 

Pharmacol., 6, 707 (1954). 
(56) LaboratGrios Hosbon S. A., French Dernande 2.J:l8,498 (Ft•h. 

9, 1973); through Chem. Abstr., 79, s:l485s (197:l). 
{57) B. ,J. Magerlein, J. Pharm. Sci., 54, 1065 ( 1965). 
(58) E. H. Massey, German Offen. 2,1:18,049 (Feb. ;3, 1972); throu1~h 

Chem. Abstr., 76, 117507f(l972). 
(59) R. Tixier, German Offen. 1,9a6,72:3 (!\fay 14, W70); throu1;h 

Chem. Abstr., 73, 28895b (1970). 
(60) P. Wirth, German Offen. 2,117,902 (Nov. 4, 1971); throu1;h 

Chem. Abstr., 76, 46,f62z (1972). 
(61} Takeda Chem. Ind. Ltd., German Offen. 2,:tl2,878 (,Jan. I 7, 

1974); through Chem. Abstr., 80, m,:162v (1974). 
(62) Takeda Chem. Ind. Ltd., German Offen. 2,:t12,840 (,Jan. 17, 

1974); through Chem. lthstr., 80, 875:Hx (1974). 
(63) G. Fabrizio, U.S. pat. :1,764,595 (Oct. 9, 197:l); through Chem. 

Abstr., 80, fi945k (1974) or Chem. Abstr., 7:1, l :t3984e (1970). 
(64) Koniklijke Nederlandsche Gist en Spiritusfabriek, French pat. 

2,I26,44a (Oct. 6, 1972). 
(65) R. Arie~. French pat. 2,190,410 (Mar. 8, 1974). 
(66) Otsuka Pharmaceutical Co., Ltd .. ,Japanese pat. 71 O:l,6(X) (,Jan. 

28. 1971); through Chem. Abstr., 75, 40421 t (19'i l ). 
(67) V. C. Stephens, U.S. pat. a,728,a79 (Apr. 17, 197:l). 
(68) Investigations Scientifiques Pharmaceutiques S. A .. French 

Demande 2,097,064 (Apr. 7, 1972); throu1;h Chem. Ab.~tr., 77, lfi8654e 
(1972). 

(69) C. Jarowski, Tran.~. N. )'_ Acad. Sci., Ser. JI, 21, WO (19fi9). 
(70) Andreu SA, West German pat. 2,2:lt,267 (Feb. I, 197:H. 
(71) E. N. Lazareva, L. A. Kovaleva, V. K. Vasil'ev1;, and P. S. 

Braginskaya, Antibiotiki (Moscow), 14, 81:l (19fl9); throu1;h Chem. 
Abstr., 7I, lll 18:3x (1969). 

(72) 0. B. Ferno, T. 0. K Linderat, and B. Hansen, South African 
pat. 63 01,104 (,July 12, 1968); through Chem. Abstr., 70, 608:l2c 
(1969). 

(7a) A. Allais and M. Paturet, French M. 5,a09 (Sept. 2/i. 1967); 
thrnugh Chem. Abstr., 71, 64078e (1969). 

(74) Cent. Ind. Pharmaceutique, French pat. 2,19;l,fi86 (Mar. 2\J, 
1974). 

(75) G. Guadagnini and F. Fabi, Cerman Offen. 2,040,14:l (Feb. 2/i, 
1971): through ChPm. Abstr., 7-1, 126005b (1971 ). 

(76) Ciba-Geigy A.G., Canadian pat. 916,71:l mec. 12, 1972). 
(77) R. Ferrari, S. Magnaghi, and G. Ghielmetti, British pat. I ,20f,,44 l 

(Sept. 16, 1970); through Chmi. Abstr., 73, 1aa979e (1970). 
(78) L. G. Goodwin, L. G. ,Jayewardene, and 0. D. Standen, Rr. Med. 

J., 2, i572 (1958). 
(79) A. Zaffaroni, U.S. pat. :l,708,492 (,Jan. 2, 197:l). 
(80) F. K. Hansel, Ann. Allergy, I, 199 (194:{). 
(81) Cent. Ind. Pharmaceutique, French pat. 2,19:lJ,87 (Mar. 29. 

1974). 
(8~) N. H. Creasey and A. L. (;reen, J. Pharm. Pharmacol .. 11, 48f, 

(1959). 
(8:l) ,J. M. De Muvlder, German Offen. 2,:ll0,447 (Sept. J:l, 197:H; 

throu;{h Chem. Abstr.: 80, 6982v (1974). 
(84) V. C. Stephens, U.S. pat. :{,06.5,261 (1962). 

I 
(8!1) Merck & Co., Inc., West German pat. 2,2f,6,f1:l8 (Ma~· 24, 

197:l). 
(86) C. ,J. Cavalli to and R. ,Jewell, J. Am. Pharm. Assoc., Sci. Rd., 47, 

165 (1958). 
(87) R. L. Kile, Antibiot. Med. Clin. Ther., 5,578 (1958). 
(88) Whitefin Holding 8. A., Bel1;ian pat. 79:3,548 (Apr. 16, 197:l). 
(89i Officina Therapeutica Italiana SRL, French pat. 2,099,449 (Mar. 

1 ,. nJ,:!J. 

WO) ,I. Klosa, WeH1 (i!'rm,rn pat. !1.,1:l,U,'i:! i.11111. ·.i.·,, l'l°i.11; 1hr111q.,h 
('/wm Al>sfr, 71i, lJ7:l:14h ( l!li:!). 

(!JI) T. ,J. Hrnwmnn 11111.I S. It Ynllww~ln·. ,J / 1/111n11 S,,. li2, 11;"11 
( I\J7:H. 

W2l L. C. Millt•r· 1111d A. M. lfollund, Alud Mn/. 2X, :11 '.'.; l'.11;11.1. 
W:H ,l. C,. Wug-rwr. ,/. /'harm S,·i., ."iO, :iii!I Ii :m I I 
OH) T. H. Si111011s,11h~1r111·lNI f"rnm 111111pl'r prt•~l'll1Hl 111 llw Al'f11\ 

A<'Rdl'my of Ph11rn111c1•11tieul Sl'il'IH'l'S, Lw, \'1•.ifl~ lllN•lllHL Apr. l'.11,7 
(!lr)) A /\. Ko11dritz1•r, H. I. Ellin. 111Hl I. .. J. Edlwr1: .. / /'Imm; 8,: . 

!'iO, IO!~ ( 19H I J. 
rnm H. M. Ko1•h!N aml ,l. ,I, }ipffrm•u, thid, ria, I l '2H I 1\ltlll. 
W,) W. Nern~! 11nd K Brunnor. ii.. J•hv.,. ('/wm. ;;, /1'2, r,1i i l'.lf!H 
Hl8) K Ne-!i;on, ,/. Am. J •lrnrm. A.,,,ur .· ,\'. 1. r:d .. ,hi, Hi t7 ( I\!:,·; l. 
W9) H. ,Jun('her and F. H11n~d111u, A1111/1w/ Afr1/ ('/111 'f'h,•r., t, -1!17 

, rn,17). 
( 100) K Nelson,,). Am. l'hurm. AH.•1w, S,·1 l•,'r/. 11. ~!17 1 J!IT,iil. 
<!OJ) K N<•limn, KL. Knm•dwl, W. E. ifnmll11. a11d ,I. l ;_ Wagw·r .. / 

/'lrnrm. S<-i., 51, i10fJ ( l!ifi:.!). 
( 102) .J. <:. Wagrwr, i/Jid., 50, :m, ( l!ltll i. 
( 10:l) E. N1•li.on, ,/. Am. />harm. A.,8111· . 8, i l:'rl . ·11'!, !IH ( I !l:,!l) 
( I04) I.. Berwt, in "Drug I )<•sil{n," vul. ,1, K t\ril'n~. i•Al., /\rnd1•rni,·, N1·w 

York, N.\'., W7:I. p. I. 
{ !Oii) (;, Li•vy und II. A. Sahli. ,1. l'har111 ,,;/'/. :'ii, r,i'\ l l!Hi·.i1. 
( JOH) (:. LPV.V ancl ,J. /\. l'rocknul, ll>td., al, :.m.1 ( l!IH'.!L 
(1()7) H. A. O'Ht•illy, K N1+m11, 11ml 1;, Lt1VV, ,htd. !ia, ,1:1,1 ( l:ln1;) 
( !08) W. I. Hiinu-hi uni! W. E. llumHn. ibid. :;2, :,7:, ( l\m:n. 
( !09) W. I. Higuchi. N. A. Mir, A. P. ParkN, 111141 \\' K Hamlin. ih/d. 

54, x (l!lfifi). 
( l WI W. I. Higut·hi, K Nt•lson, m1d ,J. !:. W11g1wr, /l,1d. t;;;, :l:t\ 

( 111 l S. Solvani; und P. Finholt. lh1d. rm, ,l\t i !!170l. 
( I 12) S.-L. Lin, I.. L1whman, f'. ,J. Swartr, 1rnd C. F. lliwlirwr. /hid. 

Iii, l,118 ( 1972). 
(l J:l) S. Miyazaki, M. Nuk1uw, and T. Atitu. Ch1•m /'hnrm. Hull .. 2:1, 

l l!l7 (197;1). 
( 114) W. Morozowil'h, T. Chulski, W. K H11mli11, I' M .. JonPs, ,!. L 

Northam, A. Purm11lis, 111,d ,I. <:. \V111;1wr, ./ l'/111rn1 ,..,.,.,., iii, !l:J:l 
( l!Jli2). 

( 115) H. Pt•t.erhoff, Al'/11 Uadiol., ,If\, 7 rn 11\1:,fil. 
(I lG) C. Levy,J. Mo11d. l'h11rm .. :1, 2:17 ( l!ltiil. 
(117) S.S.I>avis,Hr.M,•d.,/, l,I02(l!li2). 
(118) K Nelson,,/. Am. /Jlwrm. A,,.,oc., S!'i. J,;d, .n, :100 (19:,8). 
(119) E. ,I. Middleton, H. S. Chang, and D. Cook, Con.,/ !'harm. Sci. 

:i, 97 (19fl8). 
(120) ,J. G. Wagner, [)ruR /rrt,•/1. ('lirr. l'lwrm., -1, 17 ( l!J70l. 
(121) Ibid., 4, :n2 0970). 
! l 22) T. Paal and P. Hegos, Uy11~ys,•,•r,·szl'I, 17, .'"19 t f!)7;1); I hro111;h 

CIH'/n. Abstr., 78, l28:!77f ( 197:l). 
( 12:l) K. 0. Horg. ,J. ,leppsson, and .I ~jngrt'rl. :\1'111 l'liarm. 8111•1· .. 11, 

1:l:l ( 1974). 
(124) P. Finho!t and S. Solvani:,,/. /'/iarm. Sci., 57, J:!22 ( l!hi8). 
(125) G. Levy.ibid., 50, ;;;;'.'l (191ll ). 
( 126) W. A. Cn•s;;man. C. A. ,Janicki, I'. ('.,Johnson, ,I. 'I'. Dolusio, and 

(;.A.Braun, ibid., 58, 1516 (l!l69). 
(127) L. W. Dith!rl. T. Hi1;uehi, nnd D. H. lil'e~1·. ibid., 5:l, J:l2f, 

(19H4). 
1128) R. Anderson, Aw,/.,/. /'harm., ,t2, !ll!J ( l!lfil ). 
(129) S. F. Kramer and c;. L. Flynn,./. /'harm. Sci., Iii, l89fi 

(1972). 
( t:lO) P.H. ,Jones, K K. Howley, A. L. W<>il,s. D. I.. Bishop, and A.H. 

C. Chun, ibid., 58, :i:17 ( 19119). 
(J:ll) N.Senior,.J. Soc. l'osm,•t. ('/wm .. :?-t, 2:,H(l!l7:ll. 
( 1:12) ,J. .l. Sciarra, .J.M. Pate>!. and/\. I.. Kupoor, ././'harm.Sci., 61, 

219 (1!)72). 
(l:l:H ,J.M. Plaxco,,Jr., C. B. Fn•I', ,Jr., and('. It Howland. ilnd., 56, 

809 ( 19(;7 ). 
(J:l4) .J. Kucera and V. VPlwr, C'1•s/1. /Ji·rm11tol .. ,ti, 22!1 (1!11,ll); through 

ChPm. Abstr., 65, 184:lJI' ( IHfi!i). 
( 1:15) .I. R. Leonards. Cli11. l'harma,·11/. T/11·1·, ·1, -17H ( l!l(\:I). 
( J:l6) G. Levy, RH. <:um tow, and ,J. M, Hutowski. ( '<111. Afrd. Assoc. 

J., 85,414 (1961). 
(1:17) C. P. Schaffner and W. Mt>c-hlinski. ,/. Anlihlot. (Tui1yo), 25, 

2/i!J ( 1972). 
( I :J8) H. Nakatani, }'ahu/./alw Xrrnshi. x:1, n I I f!H:11: I hrough ( 'h,·m. 

Ah.,tr., a8, l I I 70e ( rn6:H. 
(I:l9) H.-C. Wang and P.-Y. W11ni:, }'au Jls1ll'h Jl.,ueh l'an. l:l, fi;\ 

Vu/. li/j_ Nu. 1, ,lr111u11ry l!i77 I i7 



'1,::,vu,, LH.IUU~['. \.,fl,t'l/l, !1U,"itf".~ o.:>, VUUI U \1'100/. 

( 140) H. Nakatani, \'akugaku Zasshi, 84, 1057 (1964). 
(141) P. ,J. Weiss, M. L. Andrew, and W.W. Wright, Antibiot. Chf:'­

mothf'r .. 7,:374 (1957). 
(142) P. ,J. Weiss and M. L. Andrew, ibid., 9,277 (1959). 
{ 14:H ,J. Marsh and P. ,J. Weiss, J. Assoc. Of fie. Anal. Chem., 50, 45'7 

(1967). 
( 144) V. C. Stephens, J. W. Conine, and H. W. Murphy, J. Am. Phann. 

Assoc., Sci. Ed., 48,620 (195S). 
(145) H. M. Gross, Drug Cosmet. Ind., 75,612 (1954). 
( 146) H. M. Gross, W. A. Johnson, and G. J. Lafferty, J. Am. Pharm. 

Assoc., Sci. Ed., 45, 44'i (~956). 
( I !7) C. M. Gruber, .Jr., V. C. Stephens, and P. M. Terrill, Toxico/. 

Appl. Pharmacol., 19, 42:{ (1971). 
( 148) N. Brudney, Can. J. Pharm., 92,245 (1959). 
(149) B. Spross, M. Rycie, and B. Nystr."im, Acta Pharm. Suec., 2, 1 

(j9f,f,). 

(150) S. BoRodldn and D. P. Sundberg, .J. Pharm. Sci., 60, 152:3 
(1971 ). 

(Hil I W. ,J. Shibe, ,Jr., and D. H. Hanson, Soap Chem. Spec., 40, 8:~ 
(H)64). 

( l 52) G. E. Schuma('hrr and W. J. Crowell, Am. J. Hosp. Pharrn., 2i, 
226 (1%4). 

(15:n M.A. Schwartz and F. H. Ruckwalter, J. Pharrn. Sci .. 51, 1119 
(1962). 

(154) R. Brunner, l\,fonatsh. Chem., 86,767 (1955). 
055) R. Brunner and H. Margreiter, ibid., 86,958 (1955). 
(156) ,J. V. Swintosky, E. Rosen, M. ,L Robinson, R. E. ChamberlaiH, 

and ,J. R. Guarini, J. Am. Pharm. Assoc., Sci. Ed., 45, :34 (1956). 
(157) W. St~irbeck, German p,it. 971,880 (Apr. 2, 1959); through Chem. 

Abstr., 55, 489:ld (1961 ). 
{158) F. H. Buckwalter, J. Am. Pharm. Assoc., Pract. Ed., l!;, 694 

(1954). 
059) W. A. Woodward, (J. J. Pharm. Pharmacol., 20, 197 (1947). 
(160) C. A. ,Johnson, in '"Advances in Pharmaceutical Sciences," vol. 

2, H. S. Bean, A. H. Beckett., and ,J. E. Carles.'>, Eds., Academic, New Y o:rk, 
N.Y., !967, p. 227. 

(161) A. Bojarski, D. Blitek, and B. Borkowski, Diss. !'I.arm. Phar­
marnl., 19,297 (1967); through Chem. Abstr., 67, I027:34t (1967). 

(162) A. Bojarski, D. Blitek. and B. Bl)rkowski, Diss. !'harm., 17, :14f> 
0965); through ChPm. Abstr., 64, 4874c (1966). 

(16:H ,J.C. Bird and R. S. Shelton, .J. Am. Pharm. Asso('., Sci. Ed. 39, 
500 (I 9SO). 

(164) T. ,J. Macek, B. A. Feller, and E. ,J. Hanus, ibid., :rn, :16S 
(1950). 

(165) A. Taub, I. Katz, and M. Katz, ibid., :18, 119 (1949). 
(166) R. Yamamoto, I. Takahashi, and M. Harada, J. Pharm. Soc. 

Jpn., 76, 85a (1956). 
(167) H. Yamamoto, I. Takahashi, and K. Inazu, ibid., 77, 82 

(1957). 
068) G. A. Nevill. ,J. C. Ethier, N. F. H. Bright, and R. H. Lake, J 

As.w1c. 0/fic. Anal. Chem., 54, 1200 (1971 ). 
(169) ,J. D. Mullins and T. ,I. Macek, J. Am. Pharm. Assoc., Sci. Ed., 

49, 245 (1960). 
(170) R.R. Goodall, ,J. (;oldman, and ,J. Woods, Pharm. J., 200, :l:l 

t1968). 
( 171) ,J. Dolby, B. Gunnarsson, L. Kronberg, and H. Wikner, Pharm. 

Acta Helv .. 47,615 (1972). 
(172) V. C. Walton, M. R. Howlett, and G. B. Selzer, J. Pharm. Sci., 

59, 1160 (1970). 
(178) ,J. K. Guilluy and T. Higuchi, ibid., 51, 100 (1962). 
(174) N. Narasimha('hari and G. R. Rao, Hind. Antibiot. Bull., 4, 16:l 

(1962); through Chem. Abstr., 57, 16758b (1962). 
(175) D. Kodrnjaand K. Weher,&i. Pharm., 39,:34 (1971):through 

Chem. Abstr., 75, 40:tl9x (1971 J. 
( 176) A. M. Nagle, E. I. Rodionovskaya, D. M. Trakhtenberg, and G. 

I. Kleiner, Antibiotiki, 12,420 ( 1967); through Chrn:. Abstr., 67, 7625:1p 
(1957). 

077) H. Nakatani, 'lak11zaii;ulw, 2:J, 75 (196:l); through Chem. Abstr., 
59,. 12596h (19(tl). 

(178) L. Kiss. B. Rozsondai, and T. Scholz, Gyogyszrresz<'l. 8, :14 l 
(1S64); through Chrm. Abstr .. 62, 405d (1965). 

(179) D. Stefanescu, N. Tuchel, and V. Antonescu, Farmafia Wu­
cham~t). 12,465 (1964); through Chem. Abstr .. 62, 1520h (196!'>). 

(180) M. G. Kostareva, Antibiotiki (Moscow), 16, :n2 (1972); through 
Chem. Abstr., 75, 40:l:l4s (1971 ). 

(181) N. Tanaka and S. Takino, Yalwgc1fw Zasshi, 82, :l29 ( 1962). 

18 / Journal of Pharma('eutical Scien('eS 

\LO.GI n. 1,;ug111m, ri.. n1gm,t1wt1, 1~. 111.uri, n. L•uwrn, mm in. , tuWJ"""'• 
ibid., 90,967 (1971)). 

(188) I. I. Inozemtseva, D. M. Trakhtenberg, and E. S. Zinatullina, 
Antibiotiki, 19,448 (1974); through Chem. Abstr., Si, 1586:Hs (1974). 

084) H. Jalil and A. W. H. Daoud,,/. Fae. Med., Raghdad, 9, J7f> 
(1967); through Chem. Abstr., 69, 54272h (1968). 

(185) F. Kubo, K. Imaoka, and A. Kaneko, l{yoritsu Yahka DaiJ,;nku 
Kenkyu Nempo, 6i'i, 5 (1961/2); through Chem. Ab.~tr., 60, 37f>d 
(1964). 

(186) G. Fiese and ,I. Perrin, .J. Pha,m. Sci., 58,599 (l!J69). 
(187) ,J. Perrin and J. Vallner . .J. Pharrn. Pharmacol., 22, 758 

(1970). 
(188) G. Zografi and I. Zarenda, Riochem. Pharmacol.. 15, 591 

(1966}. 
(189) D. D. Hea.rd and R. W. Ashworth, J. Pharm. Pharmacol., 20, 

505 (1968). 
(190) A. J. Aguiar, ,J.E. Zelmer, and A. W. Rinkel, u. Pharm. Sci., ri6, 

1248 (1967). 
(191) T. Higuchi, A. Michaelis, T. Tan, and A. Hurwitz, Anal. Chem., 

39,979 (1967). 
(192) T. Higuchi and K. Kato. J. Phann. Sci .. 55, 1080 (1966). 
(19:3) A. F. Michaelis and T. Higuchi, ibid., 58,201 (1969). 
(194) A.H. Fenton and M. Warren, Pharm. J., 188, 5 (19(i2). 
(195) H. A. O'Reii!y, P. M. Agi,;eler, and L. S. Leong, Thromb. Diath. 

Haemorrhag., 11, 1 (1964). 
(196) W. Lowenthal, J. F. Borzeileca, and C. D. Corder, Jr., J. Pharm. 

Sci., 59, 1353 (1970). 
(197) E. H. Dearborn, J. T. Litchfield, Jr., H. ,J. Eisner. ,J. J. Corhet.t, 

and C. W. Dunnett, Antibiot. Med. Clin. Ther .. 4,627 ( 1S57). 
(198) L. L. Kaplan, ,J. Pharm. Sci., 54,457 (1965). 
(199) D. A. Schlichting, ibid., 51, B4 (1962). 
(200) L. E. Josselyn, C. Endicott, and ,J.C. Sylveste,, in "Antibiotics 

Annual, 1954-1955," Medical Encyclopedia, New York, N.Y., 1955, pp. 
2,S-282. 

(201) F. Neuwald and P. Ackad, Am. J. Hosp. Pharm., 23, :14'7 
(19fi6). 

(202) ,J. Gagliani, A. C. DeGraff, and H. S. Kupperman, Int. Rec. Afed. 
Gen. Pract. Clin., 167,251 (1954). 

(20:3) A. E. Vivino, .J. Am. !'harm. Assoc., Sci. Ed., 4:J, 234 (1954). 
(204) J. Schluger, J. T. McGinn, and D. J. Hennessy, Am. J. Med. Sci., 

2:13, 296 (1957). 
(205) G. Hitzenberger and I. Jaschek, Int . .J. Clin. Pharmacol., Tho·. 

Toxirnl., 9, 114 (1974). 
(20fi) R. S. Griffith and H. R. Black, Antibiot. Chemother., 12, 398 

(1962). 
(207) R. S. Griffith and H. R. Black, Am. J. Med. Sci., 247, 69 

(1964). 
(208) S. M. Bell, Med. J. Aust., 2, 1280 (1971). 
(209) R. S. Griffith, Antibiot. Med. Clin. Ther., 7, 320 (1960). 
(210) R. G. Wiegand and A. H. C. Chun, ,1. Pharm. Sci., 61, 425 

(1972). 
(211) S.S. Wright, E. M. Purcell, E. H. Cass, and M. Finland, .J. Lab. 

C/in. Med., 42,417 (1953). 
(212) S. E. Budolfsen, S. E. J. Hansen, and E. Rud, ,4cta Pharmacol. 

Toxicol., 11, 49 (1955). 
(21:l) S. C. Strickland, J.M. Gylfe, and W. P. Boger, Antibiot. Med. 

Clin. Ther., I, 388 (1955). 
(214) L. E. Putnam, W.W. Wright, A. DeNunzio, and H. Wekh, in 

"Antibiotics Annual, 195fr-1956," Medical Encyclopedia, New York, N.Y., 
1956, p. 483. 

(215) W. P. Boger and S. C. Strickland, Antibiot. Med. Clin. Thff., 
4, 4fi2 (1957). 

(216) C. C. Lee, R. 0. Froman, R. C. Anderson, and K. K. Chen, An­
ti biol. Chemother., 8,354 (1958). 

(217) W. J. Kaipainen and P. Hiirkonen, Scand. J. Clin. Lab. Invest., 
8, 18 (1956). 

(218) F. B. Peck, Jr., and R. S. Griffith, in "Antibiotics Annual, 
1957-1958," Medical Encyclopedia, New York, N.Y., 1958, pp. 1004-
1011. 

(219) ,J. Colquhoun, E. C. Scorer, G. Sandler, and G. M. Wilson, Rr. 
Med. J., I, 1451 (1957). 

(:!20) W.W. Wright and H. Welch, Anlibiot. Med. C/in. Ther., 5, I :19 
(1%8). 

(22!) M.A. Kaplan, H. L. Dickison, K. A. Huhel, and F. H. Huckwalter, 
ibid., 4, 99 ( 1957). 

(222) H. Welch, W. W. Wright, and A. Kirshhaum, ibid., 4, 29;3 
(1957). 



I (22:H W. M. Swtceney, S. M. Hardy, A. C. Dorn bush, and ,J.M. Hueg­
segger, ihid, 4,642 ( 1%7). 

(224) C. Lewis, K. F. Stern. and .J.E. Grady, Antimicroh. Au. Che­
rrwther .. 196-1, 1:t 

(225) ,J. T. McGinn, Curr. Ther. Res. Clin. Exp., 7, 110 (l96f>). 
(22fi) H. A. Hunke!, K. S. Kraft, G. Boost, H. Sevelius, E. Forchieiii, 

H. Hill, H. Magoun, ,i. B. Szakacs, and E. Segre, Chem. Pharm. Rull., 20, 
14f>7 (1972). 

(227) H. A. Hirsch. C. V. Pryles, and M. Finland, Am. J. Med. Sci., 2:19, 
198 (1960). 

(228) S. Fiiresz. Antibiot. Chnnolher., 8,446 (19,58). 
(229) K. H. Holmdahl and H. Lodin, Acta Radio/., 51,247 (19f>9). 
(2:W) K. W. Anderson, Arch. Int. Pharmacodyn. Ther., 147, 171 

(1964). 
(2:ll) ,J. Sjiigren, L. Siilvell, and I. Karlsson, Acta Med. Scand., 178, 

55:l ( 1!}65). 
(2:iZ) ,J. S. Heron, Can. Med. Assoc. J., 72, :W2 (19.'iii). 
(2:1:H E.W. Rogers, Ur. Med. ,1., 2, ifi76 ( 19ii8). 
12:l4) A. C. Glasser and H. M. Doughty, J. />harm. Sci., 54, 10/i& 

( l9G5). 
(2:15) 0. Wulff, ibid., 54, !Of,8 0965). 
(2:ln) 0. W. Badow and D.R. Climenko, J. Am. Med. Assoc., l Hi, 282 

(1941). 
(2:l7) H. E. Hodda, N. E. Scholz, C. M. Gruber, ,Jr., and R. L. Wolen, 

Toxicol. App/. l'harmacol .. 19,554 (1971). 
(2:l8) F. H. S. Curd and D. G. Davt'Y, Rr. ,J. Pharmacol., 5, 2,, 

(1950). 
(2:!!l) F. H. Sidell, W. A. Groff, and A. Karninskis, ,/. Pharm. Sci., (,I, 

11 :l6 (I 972). 
(240} R. H. Levine and G. M. Steinberg, Nature, 209, 269 (J 966). 
(241) A. A. Kondritzer, P. Zvirblis, A. Goodman, and S. H. Paplanus, 

J. l'harm. Sci., 57, 114:2 (1968). 
(242) C. M. Irwin, H. B. Kos, .nbauder, L. W. Dittert, R. Staples, A. 

lvfo<her, and ,J. V. Swintosky, ibid., 58, :H3 (1969). 
(24:3) B. E. Cabana, L. E. Willhite, and M. E. Bierwagen, Antimicrob. 

Ag. Chemother .. 1969, :'!5. 
(244) ,J. H. Hammond and R. S. Griffith, C/in. Pharmacol. Ther., 2, 

:108 (19GI). 
(24:i) S. H. \Van, P. ,J. Pentikainen, and D. L. Azarnoff, J. Pharm. Sci .. 

(i:I, 708 (197 4). 
(24G) S. H. Wan, I'. Pentikainen, and D. L. Azamoff, J. Pharmacu­

hill(•/. Rioplwrm., 2, I (1974). 
(247) R. V. Cohen, L. Molthan, and C. J. D. Zarafonetis, Dis. Chest, 

:rn, 418 ( rn,i6). 
(248) E. L. Foltz and H. Wallick, Antimicrob. Ag. Chemother., 191>9, 

:lJG. 
(249) E. L. Foltz, H. Wallick, and C. Ifosenblum, ibid., Hlli!l, :l22. 
(250) S. F. Pong and C. L. Huang. J. Plwrm. Sci .. {i:l, Hi27 ( HJ7 4 ). 
(251) -1. T. Doluisio, ,J.C. LaPiana, and L. \V. DittPrt, ihid., GO, ,I,, 

(1971). 
(252) A. Rubin, H. E. Rodda, P. \Varrirk. A. Ridoifo, and C. M. Cruher. 

ibid., 60, 1797 (1971). 
(25:l) N. \Vatzman. A. A. Manian. H. Harry. Ill. and ,J. P. Buckle~·. 

ibid .. 57, 2089 (1968). 
(254) M. ,Jain, E. Hak11tis. and .J.C. Krnntz. ,Jr., Am. ,1. Plwrm .. 145, 

174 (197:3). 
(25f,) S. M. Viscia and D. C. Brodie. J. Am. Pharm. Assuc., Sci. Hd .. 

43, 52 (1 %4). 
(25G) G. R. Goetchius and C. A. Lawrence, ,1. I.ah. Clin. Med., 2!), J:q 

(1944 ). 
(257) Ibid .. 30, 14ii (W4:i). 
(258) H. Dalili an<l ,J. Adriani, ('fin. Pharmarnl. Ther.. 12, !JI :l 

(l 971). 
(2ii9) 0. Bodansky and W. Model!. ,J. Pharmarnl. Exp. Ther .. 7:l, 51 

(1941 ). 
(2fi0) G. V. Rossi, T. S. Miya, and L. D. Edwards, J. Am. /'harm. 

Assoc., Sci. Ed .. 4.1, 47 ( J9f)6), 

(2fil) L. W. Mclrgan, D. H. Cronk. and H. P. E nnl I.,/ /'/.•u1•11 .,·, 1 . :iS, 
!/,1:1 ( !Hll!ll. 

(:Zi,2) P. E. Thomp:son, A. Ba~·le,;, P. ll,ld'la.1'. and ,J. L. \l,·1.s,•11h,·l1li·r. 
.J. ,"a ra" it of.. 51 , 81 7 ( 196:,). 

('.W:i) ,J. W. Crook, A. I. (;oodrnan .. J. L. Co!IHJll!'ll, I'. Z\'irlili~. F. W 
Olwrst. and ,J. H. Wills . .J. l'lwrmaco/. !~xr1. Th,•r .. 1:11;, :,'.l"i ( l'.H\'.'.I. 

(2fi4) I). H. J)uviPs, A. L. (in•t1n. and c;. L. \\ iih·~·. l:i' -1 "'·1/:,;n;:'.. .'. 
14, 5 ( 19/i~!). 

CW5) ,J. F. O'Leary. A. ll,1. l<unkl'I. and A.H. ,lorn·, . .J i'hum111, ul f<.'.,p 
'/'her., 1:12, 50 (1H61 ). 

(2G6) D. M. Anderson and W. (;, Smi1h. ,/ l'/wm1. /'/wm101ul. 1:1, 
;'..(l(j ( l 961 ). 

(2H7) R. S. H. Fin11ey and A. L. T[irnoky. ihid .. 12, .HJ ( 1%\ll. 
1:268) G. H. Copper, D. M. Cret-n, H. L. Rickard. and l'. B. TY10mpsi ,n, 

ibid. 2:J,662(1971). 
(:26fl) Y. Kase, T. Yulzono, T. Yamasaki, T. Yamada. S. In. !\1. Tamirn. 

and I. Kondo, ('hi•m. /'harm. Hull., 7, :l7:2 ( E)t)\J). · 
U70) A. AgrPn, Acta /'harm. Su,·1· .. 5, :r; i l%R). 
(:271) L. Saunders, ,J. />harm. /'har111arni.. Li, :l-li< ( 1 \J(i: 1,!. 
(272) C. R \Villis. ,Jr., and G. S. Banhr, ./. l'lwrm. Sci .. ;'i7, !:",!l,"1 

(19G8). 
(27:l) H. Brend<'!, V. Swavne, H. l'm;tm1, .]. M. BPiiN. ,md ( ;, .J. ;\,lar·t in. 

,J. Am. Pharm. Aswc., Sci .. Hd., 42, 1:2:1 ( rn:i:ll. 
(274) ,J. Couquelet .. P. HastidP. ,J.B. Le Pol!es. and A. Pat ur!'1. ( · H 

S1it'. Hiu!., IH4, :l29 ( 1970): through Chem. Ahst r .. 71, 21 '7-!St ( I :17 l 1. 

(27.",) "The Pharmacological Basis of TherapPuti('s." :lrd t><L L. :-;_ 
(;oodman and A. Gilman. Eds., Macmillan, NPw York. i\i. Y .. l :Iii,,. p. 7 -1 l 
and chaps. :17 and :l8. 

(27(i) M. Schou, Acla l'lrnrmarn!. Tuxicol.. I a, 70 ( JB,;Hl 
(277) C. Torosian, K. F. FingPr. and H.B. Stt>wart, Am .. J. 1/usiJ 

Pharm .. ao, 71fi ( rn,:,1. 
(278) M. W. P. Carnev. J,n ,·r·('f. 2, :,2:l ( 19711. 
(279) ,J. A. Ewing a11tiW .• ,. ,irant. South. Med.-! .. ii8, J.t,, 1 J\H\->1. 
(280) H.B. Stewart, Am. J. Husp. l'ha1 m .. :w, H:", ( HJ';":\). 
(:281) ,J. L. Emerson, W.R. Gibson, and R. <'. Anckr,on, Toxic,,/ .-\pf)/ 

l'harmarnl .. 19, 44ii (]Hi!). 
(282) H. I. Ellin and ,J. H. Wills,,/. /'harm. Sci .. !'i:l, l l-l:l ( l:H;11. 
(28:l) P.H. N. \Vood, KA. Han·p:-·-Smith. and A. St. ,J. Dixon, /fr 

Med . ./., l,fi69(19G2l. 
(284) D. P. Bonnpr, W. MP('hlinski, and C. l'. S('haffner . . J. Ant ihiul. 

(Tuhy1J), 25, 21>1 (1972). 
(285) E. K. Marshall, ,Jr .. A.('. Bratton, and .J. T. Lit<"hfit>ld. ,JI'., 

Science, 88, fi97 (HJ:18). 
(28G) H. ,J. Deuel, ,Jr., H. Alfin-SlatPr, C. S. \\'eil. and H.F. Sm_\·t h .. Jr., 

Fuod Res., 19, l (19ii-n 
(287) H. C. Anderson. P N. Harris. and K. K. Clwn . ./. Am. l'/l//m1. 

Assoc., Sci. Ed .. 41, f>f15 ( J 95'.!). 
(288) Ibid. H, 19!J (1955). 
{2H!li R. C. Andnson. C. C. Lee, H. M. \\'or1 h. and l'. N. Harri~. 1/Jid. 

!8, G2:l (19S9). 
(290) H. V. Kuder. Clin. Pharmarnl. Thl'r., I, 1,04 \ I %OJ. 
(WI) D. N. S. Knr and S. Davidson, /,atH"e/. 2, 4H9 ( 19,>8). 
(292) L. C. Weaver. R. \\'. nardier, V. B. Hohin,on. and (·.A. BundP. 

Am. ,J. Med. Sci .. 241, 2\J6 ( !Hfil). 
(29:l) K. .i, Child. B. Davis, M. C. Dodds. and E. (;. Tomich . .J !'harm. 

l'harmarnl .. lfi, flii ( 19G4 ). 
(2H4) R. ,J. Schachter, E.T. Kimura. C. M. Nmrnrra, and .J. l\-1Ps1pn· 

Int. R<'c. Med. Gen. Prac!. Clin .. lfi7, :24H (19,,41. 

ACKNOWLEDGMENTS AND ADDRESSES 

Heceived from Central Research, l'fi::er Inc., Urul,111. CT (JI,://(} 

The authors thank Ms. L. Van CampPn for assistan('l• with tlw man-
uscript. 

* CollPge of Pharmacv, llniversitv of Iowa. Iowa Citv. IA :i:2:2-l:2. 
1 1974 Pfizer summer· studPnt in j)hysical pharmm·y: 
'To whom inquiries should lw directed. 

Vol. 66. :Vu. I, January J.977 I l\l 



 Expediente No. NC2017/0007810 
Fecha: 08 de Octubre de  2018 

 

Señores 

SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO 
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Re.: Expediente No. NC2017/0007810 

Solicitud de Patente de Invención titulada: “SAL DE TOSILATO DE N-[3-

[4AR,7AS)-2-AMINO-6-(5-FLUOROPIRIMIDIN-2-IL)-4,4A,5,7-

TETRAHIDROPIRROLO[3,4-D][1,3]TIAZIN-7A-IL-4-FLUORO-FENIL]-5-

METOXI-PIRAZINA-2-CARBOXAMIDA” 

Solicitante: ELI LILLY AND COMPANY 

 Nuestra Ref.: P2017/000126 

 

RESPUESTA AL OFICIO No. 8692, NOTIFICADO EL 18 DE JULIO DE 2018 

(PRIMER EXAMEN DE FONDO) 

 

CARLOS R. OLARTE, mayor de edad y vecino de Bogotá, identificado tal como aparece 

al pie de mi firma, en mi carácter de apoderado de la sociedad solicitante, me permito 

manifestar lo siguiente ante el auto emanado por ese Despacho, dentro del plazo legal 

previsto en el artículo 45 de la Decisión 486, en los siguientes términos: 

 

1. En primer lugar, con el ánimo de brindar mayor claridad a la presente solicitud, me 

permito adjuntar un Capítulo Reivindicatorio Modificado, que reemplaza en su totalidad 

al Capitulo Reivindicatorio presentado con la respuesta al Examen de Forma el 3 de 

octubre de 2017. Así entonces, el Capítulo Reivindicatorio Modificado adjunto contiene 

los siguientes cambios: 

 

- se elimina la Reivindicación 2; 

- se limita la Reivindicación 1 de acuerdo con el alcance de la antigua 

Reivindicación 2; 

- las nuevas Reivindicaciones 2 y 3, corresponden a las antiguas 

Reivindicaciones 3 y 4 respectivamente. 

 

Valga anotar que las modificaciones efectuadas al Capítulo Reivindicatorio cumplen a 

cabalidad con lo estipulado en el Artículo 34 de la Decisión 486, ya que estas de ninguna 

manera implican una ampliación de la protección correspondiente a la divulgación 

contenida en la solicitud original.   
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2. a- El Examinador objeta el nivel inventivo de la presente invención a la luz de 

la patente WO2014143579 (D1) y el artículo “Salt selection for basic drugs”
1
 (D2). 

 

De acuerdo con el Examinador, D1 es el arte previo más cercano a la Reivindicación 1 

dado que divulga el compuesto N-[3-[4aR,7aS)-2-amino-6-(5-fluoropirimidin-2-il)-

4,4a,5,7-tetrahidropirrolo[3,4-D][1,3]tiazin-7a-il-4-fluoro-fenil]-5-metoxi-pirazin-2-

carboxamida o sus sales, que son útiles para tratar la enfermedad de Alzheimer.  D1 

divulga que las sales farmacéuticamente aceptables pueden obtenerse mediante reacción de 

la base libre del compuesto con un ácido farmacéuticamente aceptable en un solvente 

apropiado y en condiciones estándar.  D1 divulga la sal clorhidrato en la página 11, líneas 

22 a 35. 

 

El Examinador sostiene que la diferencia entre la Reivindicación 1 y D1 radica en que el 

compuesto reclamado corresponde a la sal de tosilato, donde el efecto que se logra al 

incluir las sales de tosilato es aumentar la estabilidad del compuesto.  

 

Por lo tanto, el Examinador define el problema técnico objetivo a resolver con la presente 

invención como: “cómo modificar el compuesto N-[3-[4aR,7aS)-2-amino-6-(5-

fluoropirimidin-2-il)-4,4a,5,7-tetrahidropirrolo[3,4-D][1,3]tiazin-7a-il-4-fluoro-fenil]-5-

metoxi-pirazin-2-carboxamida conocido en D1 para hacerlo más estable”. 

 

Sin embargo, el Examinador argumenta que la utilización de tosilato como anión para la 

formulación de sales farmacéuticamente estables se enseña en D2, a través de series de 

aniones para formar sales más estables que las bases libres de un fármaco. 

 

A partir de lo anterior, el Examinador afirma que la inclusión del tosilato divulgado en D2 

en el compuesto divulgado en D1 resulta obvia para la persona medianamente versada en 

la materia por lo que la materia reclamada carece de nivel inventivo. Dado que las 

Reivindicaciones 2 a 4 dependen de la Reivindicación 1 y no mencionan características 

inventivas adicionales, también carecen de nivel inventivo. 

 

 b) i) En primer lugar, me permito aclarar que la materia reclamada en la 

Reivindicación 1 del Capítulo Reivindicatorio Modificado corresponde a un compuesto 

caracterizado porque es una sal cristalina de tosilato de N-[3-[(4aR,7aS)-2-amino-6-(5-

fluoropirimidin-2-il)-4,4a,5,7-tetrahidropirrolo[3,4-d][1,3]tiazin-7a-il]-4-fluoro-fenil]-5-

metoxi-pirazina-2-carboxamida.  

 

ii) Ahora bien, teniendo claro el alcance de la materia reivindicada, y en 

respuesta a las objeciones del Examinador relacionadas con la supuesta falta de nivel 

inventivo, me permito realizar el análisis de nivel inventivo de acuerdo con la Guía para 

                                                           
1
 Gould PL. 1986. Salt selection for basic drugs. International Journal of Pharmaceutics;33:201-17 
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Examen de Solicitudes de Patente de Invención y Modelo de Utilidad de la SIC (en 

adelante, Guía de la SIC)
2
.  

 

La Guía de la SIC señala que “Durante el examen de nivel inventivo debe hacerse un juicio 

de valor y un análisis objetivo de las divulgaciones previas del estado de la técnica, no 

influenciados por el conocimiento que ya se tiene de la Invención que se está evaluando. 

Por tanto, con el fin de minimizar la subjetividad y evitar que se realice un análisis en 

retrospectiva (“hindsight” ó “a posteriori”), el examen debe relacionar la invención con 

la solución de un problema técnico, mediante el Método “problema-solución” (subrayado 

fuera de texto).  De acuerdo con lo anterior, en adelante se presenta el análisis a través del 

método problema-solución de acuerdo con las etapas establecidas por la SIC en su Guía, 

teniendo en cuenta el alcance de las reivindicaciones y de la materia divulgada por el arte 

previo citado:  

 

A. Identificar el estado de la técnica cercano a la invención reivindicada. 

 

En primer lugar, me permito aclarar que la Guía de la SIC establece claramente que el 

estado de la técnica cercano es “un documento que se encuentra en el mismo campo técnico 

que la invención o trata de solucionar el mismo problema o uno relevante.  Suele ser el que 

tiene más características en común con la invención o presenta leves modificaciones de 

estructura e indica la misma función, o propósito”.  El Examinador identifica a D1 como el 

documento que está más cercano a la Reivindicación 1, así que con el único fin de hacer 

una comparación directa con las conclusiones a las que llega el Examinador en su análisis, 

consideraré también a D1 como el arte previo más cercano a la invención. 

 

D1 divulga compuestos de tetrahidropirrolotiazina y composiciones farmacéuticas que 

comprenden tales compuestos, útiles en el tratamiento del Alzheimer y otras enfermedades 

y trastornos que involucran el péptido β amiloide, en donde el Ejemplo 4 corresponde al  

clorhidrato de N-[3-[(4aR,7aS)-2-Amino-6-(5-fluoropirimidin-2-il)-4,4a,5,7-

tetrahidropirrolo[3,4-d][l, 3]tiazin-7a-il]-4-fluoro-fenil]-5-metoxi-pirazina-2-carboxamida, 

con la siguiente fórmula: 

 

 

                                                           
2
 Superintendencia de Industria y Comercio, Guía para Examen de Solicitudes de Patente de Invención y 

Modelo de Utilidad de la SIC, sección 2.13.5, páginas 131-134. 
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B. Determinar la diferencia entre la invención y el estado de la técnica más 

cercano. 

 

Contrario a la opinión del Examinador, la única diferencia entre D1 y el compuesto 

reclamado en la Reivindicación 1, no consiste solamente en que se trata de la sal de tosilato 

del compuesto, sino también que la Reivindicación 1 reclama la sal cristalina de tosilato 

del compuesto N-{3-[(4aR,7aS)-2-amino-6-(5-fluoropirimidin-2-il)-4a,5,6,7-

tetrahidropirrolo [3,4-d][1,3]tiazin-7a (4H)-il] -4-fluoro-fenil}-5-metoxipirazina-2-

carboxamida, particularmente caracterizada por su espectro de difracción de rayos X.   

 

Por el contrario D1 divulga el compuesto N-{3-[(4aR,7aS)-2-amino-6-(5-fluoropirimidin-2-

il)-4a,5,6,7-tetrahidropirrolo [3,4-d][1,3]tiazin-7a (4H)-il] -4-fluoro-fenil}-5-

metoxipirazina-2-carboxamida en forma de sal clorhidrato, y de manera general sugiere que 

se pueden formar sales farmacéuticamente aceptables del compuesto por reacción de una 

base libre apropiada del mismo con un ácido farmacéuticamente aceptable en condiciones 

estándar y en un solvente adecuado (página 11 líneas 22 a 24).   

 

De lo anterior se desprende que dado que D1 no divulga la sal de tosilato del compuesto N-

{3-[(4aR,7aS)-2-amino-6-(5-fluoropirimidin-2-il)-4a,5,6,7-tetrahidropirrolo [3,4-

d][1,3]tiazin-7a (4H)-il] -4-fluoro-fenil}-5-metoxipirazina-2-carboxamida, este documento 

tampoco divulga la sal de tosilato del compuesto N-{3-[(4aR,7aS)-2-amino-6-(5-

fluoropirimidin-2-il)-4a,5,6,7-tetrahidropirrolo [3,4-d][1,3]tiazin-7a (4H)-il] -4-fluoro-

fenil}-5-metoxipirazina-2-carboxamida en forma cristalina caracterizada porque tiene un 

pico sustancial en el espectro de difracción de rayos X, al ángulo 2-theta de 5.0° de 

difracción en combinación con uno o más de los picos seleccionado del grupo que consta 

de 19.6°, 13.8°, y 18.5°; con una tolerancia para los ángulos de difracción de 0.2 grados 

como se reclama en la Reivindicación 2. 

 

C. Definir el efecto técnico causado y atribuible al elemento diferencial. 

 

El Examinador sostiene que el efecto que se logra al incluir las sales de tosilato de N-{3-

[(4aR,7aS)-2-amino-6-(5-fluoropirimidin-2-il)-4a,5,6,7-tetrahidropirrolo[3,4-d][1,3]tiazin-

7a(4H)-il]-4-fluoro-fenil}-5-metoxipirazina-2-carboxamida es aumentar la estabilidad del 

compuesto.  

 

Sin embargo, en este punto vale la pena aclarar que la sal tosilato cristalina reclamada en la 

presente invención proporciona un aumento sorprendente e inesperado de la estabilidad 

que no habría sido posible de predecir a partir de las enseñanzas de D1, tal como se 

demuestra a continuación: 
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En primer lugar, la sal tosilato de N-{3-[(4aR,7aS)-2-amino-6-(5-fluoropirimidin-2-il)-

4a,5,6,7-tetrahidropirrolo[3,4-d][1,3]tiazin-7a(4H)-il]-4-fluoro-fenil}-5-metoxipirazina-2-

carboxamida posee una estabilidad física mejorada en una amplia gama de humedades 

relativas (5 – 95%), tal como se puede concluir de los análisis de adsorción, los cuales son 

empleados comúnmente en la industria farmacéutica para analizar las variaciones de masa 

dependientes de la humedad relativa (HR).  En el presente caso, los datos de adsorción de 

humedad y el espectro de difracción de rayos X (XRPD por sus siglas en inglés) para las 

sales de clorhidrato y tosilato de N-{3-[(4aR,7aS)-2-amino-6-(5-fluoropirimidin-2-il)-

4a,5,6,7-tetrahidropirrolo[3,4-d][1,3]tiazin-7a(4H)-il]-4-fluoro-fenil}-5-metoxipirazina-2-

carboxamida mostraron que al exponerse a un aumento de la HR, el clorhidrato gana 

aproximadamente un 1,47% en peso y al disminuir la HR al 20% se presenta una pérdida de 

peso irreversible de alrededor del 3,5% como se observa en la siguiente isoterma de 

adsorción (Anexo 1): 

 

 

Este fenómeno es un indicio claro de que se presentan cambios profundos en la estructura 

cristalina de la sal clorhidrato, lo cual se confirma  por los cambios que arroja el espectro de 

XRPD, tal y como se observa en la siguiente gráfica (Anexo 3), donde el espectro de la sal 

clorhidrato, posterior al secado (en rojo) no contiene ninguno de los picos característicos de 

la sal original:  
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Por el contrario,  la sal de tosilato cristalina reclamada en la presente invención, muestra en 

la isoterma una adsorción de humedad completamente reversible, como se observa en la 

gráfica a continuación (Anexo 2): 

 

 

 

La sal de tosilato gana aproximadamente 1,57% de peso al aumentar la HR (curva azul), 

pero regresa al mismo nivel en el proceso de desorción (curva roja), lo cual indica que la 

estructura del compuesto no está sufriendo cambios.  Lo anterior se evidencia en el espectro 

de XRPD para la sal de tosilato, tal y como se muestra a continuación (Anexo 4), en donde 

el espectro de la sal después de la desorción (color rojo), es sustancialmente el mismo que 

el de la sal original (color negro): 
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De lo anterior se concluye que la diferencia en el comportamiento entre las dos sales puede 

explicarse por la inclusión de moléculas de agua al interior de la red cristalina de la sal de 

clorhidrato, en donde, una vez que el agua ha sido absorbida cualquier intento por secar la 

sal resulta inevitablemente en el colapso de la red y por lo tanto la pérdida de la 

cristalinidad.  Tal como lo muestra claramente la gráfica del Anexo 4, en el caso de la sal 

cristalina de tosilato de N-{3-[(4aR,7aS)-2-amino-6-(5-fluoropirimidin-2-il)-4a,5,6,7-

tetrahidropirrolo[3,4-d][1,3]tiazin-7a(4H)-il]-4-fluoro-fenil}-5-metoxipirazina-2-

carboxamida la estructura cristalina permanece intacta.  

 

D. Deducir el problema técnico a solucionar. 

 

En cuanto a la formulación del problema técnico, la Guía de la SIC establece que el 

problema técnico debe ser formulado de la siguiente manera: “¿cómo modificar o adaptar 

el estado de la técnica cercano para obtener el efecto técnico que la invención 

proporciona?”
3
.  Adicionalmente, de acuerdo con el MAP “se debe definir el problema sin 

incluir elementos de la solución, porque entonces la solución sería evidente
4
” (énfasis 

fuera del texto). 

 

Dado que el Examinador no consideró todas las diferencias y los efectos técnicos logrados 

por el compuesto reclamado, formula el problema técnico resuelto por la presente 

invención como: “cómo modificar el compuesto N-[3-[4aR,7aS)-2-amino-6-(5-

fluoropirimidin-2-il)-4,4a,5,7-tetrahidropirrolo[3,4-D][1,3]tiazin-7a-il-4-fluoro-fenil]-5-

metoxi-pirazin-2-carboxamida conocido en D1 para hacerlo más estable”. 

 

No obstante, atendiendo lo estipulado por la Guía de la SIC y el MAP, considero que el 

problema técnico objetivo de la presente invención es: “¿cómo modificar el compuesto N-

[3-[4aR,7aS)-2-amino-6-(5-fluoropirimidin-2-il)-4,4a,5,7-tetrahidropirrolo[3,4-

                                                           
3
 Ibídem. 

4
 Comunidad Andina de Naciones, óp. cit., sección 10.2.1 
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D][1,3]tiazin-7a-il-4-fluoro-fenil]-5-metoxi-pirazin-2-carboxamida de manera que posea 

propiedades fisicoquímicas superiores?”  

 

E. Evaluar si la invención reivindicada, partiendo del estado de la técnica 

cercano y del problema técnico objetivo, habría sido obvia para la persona 

medianamente versada en la materia. 

 

De acuerdo con la Guía de la SIC “esta etapa consiste en responder a la pregunta de si en 

el estado de la técnica en su conjunto hay un segundo documento que contiene una 

enseñanza que indicaría (no sólo que podría indicar, sino que indicaría) a la persona 

medianamente versada en la materia, enfrentada al problema técnico, cómo modificar o 

adaptar el estado de la técnica más cercano para resolver el problema, de la forma 

reivindicada” (énfasis fuera del texto).  Así, el análisis de nivel inventivo de solicitudes de 

patente, no se trata de encontrar en el arte previo una mera invitación a experimentar con 

uno o más cambios aleatorios, sino de identificar en los documentos citados una enseñanza 

y guía específica para hacer las modificaciones necesarias que lo lleven con certeza a la 

materia reclamada. 

 

En este punto, el Examinador argumenta que D2 enseña series de aniones para formar sales 

más estables que las bases libres de un fármaco, incluidas las sales de tosilato.  Sin 

embargo, difiero respetuosamente de la opinión del Examinador por las razones que 

expongo a continuación. 

 

D2 corresponde a un artículo científico que proporciona de manera general un estudio para 

la selección de sales en el desarrollo de fármacos de naturaleza básica.  D2 hace referencia 

a tendencias que pueden ayudar a decidir qué tipo de sales y en que rango se deben utilizar 

para superar un problema en particular asociado a una molécula básica de un fármaco.  D2 

no sugiere una preferencia específica por las sales de tosilato, mucho menos menciona sales 

cristalinas de tosilato de algún compuesto en particular.  A lo sumo, D2 hace referencia a la 

sal tosilato de xilobam, lo cual es completamente diferente de la sal cristalina de tosilato de 

N-[3-[4aR,7aS)-2-amino-6-(5-fluoropirimidin-2-il)-4,4a,5,7-tetrahidropirrolo[3,4-

D][1,3]tiazin-7a-il-4-fluoro-fenil]-5-metoxi-pirazin-2-carboxamida.  D2 simplemente 

proporciona sugerencias generales y didácticas que son simples invitaciones para que la 

persona medianamente versada en la materia utilice una muestra de las sales farmacéuticas 

disponibles para la investigación, de hecho D2 concluye que este ejercicio para la 

evaluación de la forma de sal correcta para el desarrollo de fármacos constituye una 

práctica semi-empírica difícil.   

 

Al respecto vale la pena mencionar, como es bien conocido en la técnica, que como regla 

general la selección de sales es un ejercicio altamente impredecible.  Así, como se plantea 
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en el artículo “Pharmaceutical salts
5
” que se anexa al presente escrito, “Las características 

químicas, biológicas, físicas y económicas de los agentes medicinales pueden ser 

manipuladas y así, con frecuencia optimizadas mediante la conversión a una forma de sal.  

Elegir la sal apropiada, sin embargo, puede ser una tarea muy difícil, dado que cada sal 

le imparte propiedades únicas al compuesto original.  Los agentes formadores de sales con 

frecuencia se seleccionan empíricamente.  De las muchas sales sintetizadas, la forma 

preferida es seleccionada por los químicos farmacéuticos en principio desde una base 

práctica: el costo de las materias primas, la facilidad de la cristalización y el porcentaje de 

rendimiento.  Otras consideraciones básicas incluyen la estabilidad, higroscopicidad, y 

flujo del fármaco obtenido a granel.  Desafortunadamente, no existe una forma confiable 

de predecir la influencia de una especie salina particular en el comportamiento del 

compuesto original (mi traducción, mi énfasis, mi subrayado). 

 

En vista de lo anterior, una persona medianamente versada en la materia no habría tenido 

razón o motivación alguna para realizar todos los cambios necesarios al compuesto de D1 

de tal manera que le permitieran arribar a la sal cristalina de tosilato reclamada, con 

alguna expectativa razonable de éxito.  La persona medianamente versada en la materia no 

podría predecir la formación de una sal cristalina de tosilato, mucho menos que dicha sal 

cristalina tendría las propiedades superiores que ésta en efecto reviste. 

 

Así, D1 o D2, solos o en combinación no enseñan o siquiera sugieren el compuesto 

reclamado en la presente invención.  Aun cuando cualquier persona medianamente versada 

en la materia hubiera combinado las enseñanzas de D1 y D2, no habría llegado al 

compuesto reivindicado, ni habría podido predecir que la sal tosilato específicamente 

proporcionaría mayor estabilidad que la sal clorhidrato de D1 esperando mantener la 

actividad terapéutica contra la enfermedad de Alzheimer evidenciada en los ensayos in 

vitro ilustrados en las páginas 47 a 51 del Capítulo Descriptivo.  

 

  ii) Sea esta la oportunidad para recordarle al Examinador que el análisis 

del nivel inventivo no puede basarse en si la invención era posible de alcanzar, ya que 

claramente era posible, pues la sal cristalina de la invención de hecho existe. Aplicar un 

estándar de "posibilidad de alcanzar", haría que ninguna invención fuera susceptible de 

patentarse, haciendo inviable el sistema de patentes. Del mismo modo, el análisis de 

patentabilidad no puede implicar la cuestión de si las técnicas de investigación aplicadas 

son comunes u obvias, sino más bien si el objeto específicamente reclamado podría haber 

sido evidentemente derivado del arte previo (sin necesidad de investigación adicional 

alguna), lo cual, como se ha demostrado, en el presente caso no sucede. 

 

Adicionalmente, y a la luz de las evidentes diferencias encontradas entre la materia 

reclamada en la solicitud frente al arte previo, vale la pena señalar que el Manual Andino 

                                                           
5
 Berge SM, et al. 1977. Pharmaceutical salts. Journal of Pharmaceutical Sciences;66:1-19 
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de Patentes (MAP) establece que para que pueda negarse la existencia de nivel inventivo, 

es necesario, no solamente que la combinación de las enseñanzas pueda hacerse, sino 

también que exista una sugerencia o razón tal, que lleve al técnico con conocimientos 

medios a combinar las enseñanzas de los documentos
6
.   

 

iii) Además, el MAP también establece que las invenciones en el campo 

de la química tienen nivel inventivo cuando los compuestos tienen una estructura 

inesperada (no derivable por la persona medianamente versada en la materia) o cuando 

presentan un efecto técnico inesperado o mejorado impredecible del arte previo
7
.  De 

manera similar, la Guía de la SIC establece que, para que una invención no resulte 

inventiva “el conjunto de enseñanzas del estado de la técnica lo llevarían (a la persona 

medianamente versada en la materia) de forma inmediata a la solución propuesta por la 

solicitud.  Si se requiere de pasos adicionales o de corroboración o de superar obstáculos 

revelados por las propias enseñanzas entonces el estado de la técnica no revela la 

solución al problema”
8
 (énfasis fuera del texto). 

 

En el presente caso, no solo la estructura de la sal cristalina de tosilato de N-[3-[4aR,7aS)-

2-amino-6-(5-fluoropirimidin-2-il)-4,4a,5,7-tetrahidropirrolo[3,4-D][1,3]tiazin-7a-il-4-

fluoro-fenil]-5-metoxi-pirazin-2-carboxamida es inesperada a la luz de D1 y D2, sino 

también el efecto técnico proporcionado, lo que es una clara evidencia de nivel inventivo.  

De igual manera, la persona medianamente versada en la materia, partiendo de los 

conocimientos otorgados por D1 y D2, no podría llegar de manera evidente a la presente 

invención, por el contrario, y conforme a los lineamientos de la SIC, esta persona se vería 

obligada a desarrollar experimentación adicional para resolver el problema técnico de la 

presente invención partiendo de D1 y D2, por lo que el invento reclamado es inventivo. 

 

Por consiguiente, nada en el arte previo citado habría motivado a la persona medianamente 

versada en la materia a llegar inmediata e inequívocamente a la materia reclamada, pues la 

sal cristalina en particular y las ventajas asociadas a sus características esenciales como 

mayor estabilidad en un rango amplio de humedades relativas, no pudieron haber sido 

predichos con éxito a partir del arte previo que menciona la SIC.  Por el contrario, la 

persona medianamente versada en la materia se habría visto forzada a realizar 

experimentación adicional, explotando sus conocimientos y creatividad para hallar dicha 

sal cristalina.  

 

  iv) Salta a la vista que en el momento de la realización del primer 

examen de fondo, el Examinador no fundamenta su análisis según lo estipulado en la Guía 

de la SIC en cuanto a la evaluación del nivel inventivo, ya que ésta debe basarse 

únicamente en si existen sugerencias explícitas y suficientes en el arte previo que indicarían 

                                                           
6
 Manual Andino de Patentes. (2004). Sección 10.2.1 Ejemplo 1 (disponible en 

http://www.comunidadandina.org/public/patentes.pdf). 
7
 Ibíd. Sección 10.8.1. 

8
 Superintendencia de Industria y comercio, op. cit., sección 2.13.2 

http://www.comunidadandina.org/public/patentes.pdf
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de manera clara cómo desarrollar de manera obvia el compuesto aquí reclamado. En 

consecuencia, no es aceptable a quien examina o a quién concede o deniega una patente 

desvirtuar el nivel inventivo de la misma por desglosar sus elementos separadamente y 

luego buscar referencias en el estado del arte que los incluyan, como si de armar un 

rompecabezas con piezas aisladas, o una colcha de retazos, se tratara.  En este caso 

particular, y contrario al análisis del Examinador, la única forma en que una persona 

medianamente versada en la materia podría llegar al compuesto de la presente invención, 

sería al realizar un análisis en retrospectiva una vez conoce la invención aquí reclamada. 

 

Sin embargo, el estudio de solicitudes de patente que conduzca a ese tipo de conclusiones 

anticipadas corresponde abiertamente a un análisis conocido en el ámbito de patentes como 

“análisis hindsight” o en retrospectiva.  Para entender el análisis equivocado que realiza el 

Examinador, podemos citar nuevamente el MAP, que indica claramente que “…la 

búsqueda de anterioridades se efectúa a posteriori, tomando como punto de partida la 

misma invención,…(La SIC) debe realizar el esfuerzo intelectual de colocarse en la 

situación que ha tenido que afrontar el técnico con conocimientos medios en la materia en 

un momento en que la invención no era conocida, es decir antes de la invención”  (mi 

subrayado).  Por ende, no es apropiado anticiparse a los resultados presentados por la 

invención, ya que así, siempre resultará "obvio" todo objeto de una solicitud de patente, 

pues inevitablemente esta parecerá derivada de la teoría en que se basa su desarrollo, sin 

dar mayor importancia al trabajo, intelecto y creatividad involucrados en la invención para 

llegar a la solución del problema planteado en la solicitud. 

 

Aceptar el estándar de nivel inventivo del Examinador y de la SIC, donde supuestamente la 

sal cristalina aquí reclamada, así como sus resultados mejorados, son obvios, equivaldría a 

desdibujar el objetivo principal del sistema de patentes, que es precisamente fomentar la 

investigación y desarrollo de mejoras incrementales. Nada se inventa de la nada.  

Necesariamente, la tecnología avanza en pasos discretos constituida por mejoras concretas 

a lo que se conoce.  El sistema de patentes recompensa al inventor que proporciona una 

solución que no resultaría previsible a partir del estado de la técnica.  Lo anterior además 

quiere decir que el resultado inventivo no podría ser desarrollado sin algún grado de 

experimentación o que presente resultados inesperados. 

 

En este sentido, el Examinador no reconoce el nivel inventivo de la presente invención 

debido a una búsqueda acomodada y subjetiva de las características esenciales reclamadas 

en las enseñanzas de D1 y D2, sin considerar adecuadamente si el arte previo, entendido 

como un todo, comprende sugerencias claras y evidentes que guíen inequívocamente a la 

persona medianamente versada en la materia a obtener la presente invención de manera 

obvia.  De hecho, el análisis en retrospectiva se hace evidente al no considerar que las 

propiedades fisicoquímicas superiores de la sal cristalina de tosilato reclamada en 

comparación con la sal de clorhidrato de D1, son sorprendentes, inesperadas e inherentes 

al compuesto reclamado en sí mismo. 
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En conclusión, a la luz de la clara evidencia en favor del nivel inventivo suministrada 

anteriormente, la invención no habría podido ser dilucidada ni mucho menos prevista a 

partir de la información aportada por los documentos citados.  La persona medianamente 

versada en la materia no habría encontrado sugerencia o motivación alguna que la 

condujera directamente y de manera obvia a desarrollar la sal cristalina aquí reclamada, 

esperando obtener las propiedades fisicoquímicas particulares e inesperadas derivadas de 

tales características estructurales y evidenciadas a lo largo del Capítulo Descriptivo, por lo 

tanto, su nivel inventivo debería ser reconocido. 

 

3. Finalmente, si el Despacho lo considera necesario, solicito amablemente proceda a 

realizar un segundo examen de fondo, para lo cual adjunto el comprobante de pago de la 

tasa de examen correspondiente. De otra forma, considero que la presente solicitud cumple 

con los requisitos de patentabilidad establecidos por la Decisión 486 y por consiguiente 

solicito respetuosamente que el Despacho proceda con la concesión de la patente. 

 

 

Atentamente, 

 

 

CARLOS R. OLARTE 

C.C.  No.  79.782.747 de Bogotá 

T.P.  74.295 

 

Anexos: 

- Capítulo Reivindicatorio Modificado; 

- Recibo de pago correspondiente a la tasa de examen adicional; 

- Artículo Pharmaceutical Salts; 

- Anexos 1 a 4.  
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