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The solubilities of acetanilide, acetoacetanilide, and the p-methyl, p-ethoxy, p-hy- 
droxy, and p-amino derivatives of acetanilide were determined in aqueous sucrose 
solutions. The  solubilities of a11 solutes were found to change significantly with 
changes in the concentration of sucrose solutions. The  solubility curves indicate 
the changes probably involve solvent polarity, as indicated by dielectric constant of 
the solvent, and decrease in the activity of water. The solubility changes obtained 
for acetanilide and the severalpurtl derivatives were found to show a fair correlation 
with respect to the magnitude of solubility in water. This indicates a possibility of 
predicting solubility changes for the remainder of the compounds if the solubility 

change for one of the compounds is known. 

RAI, STUDIES have been carried out in these s laboratories to itivestigate solubility phenomena 
and thcir implications in the fortnulation of pliarrna- 
ceutical dosage forms. Previous studies indicated 
the solubility of a given solute in syrup could be 
significantly different from that in watcr. This was 
demonstrated for sullanilainide, quinine, plierio- 
barbital, and p-amiiiobcnzoic acid ( l),  for xanthines, 
antipyrine and derivatives ( 2 ) ,  and for the p-1137- 
droxybenzoic acid cstcrs (3). Tlie fact that in- 
creased as well as tlecrrnscd solubilities were noted 
and the nature 01 tlic solubility C I I ~ V P S  obtained 
iiidicated tlicse climgcs were prohably CJf c(JlnpkX 
mechaiiisr~i. I t  wiis thought tliat the inrcliaiiisiii 
involved clizingcs in solvent polarity, as indicated 
by the dielectric coustaiit, and dccrcased activity 
of water due to an additive, sucrose, with strong 
dependence also on the nature of the solute aiid sol- 
vent. 

This is the third in a series of investigations of 
sucrose solutions as solvents of considcrable pliarnia- 
ceutical interest. Solutes were sclccted for this 
study to yield information for predicting solubility 
changes in additiun to the solubility curves obtained 
in the conventional manner. Solubilities of anti- 
pyrine and its 4-amino arid 4-dimethylamino dcriva- 
tives (2) in watcr aiid in various sucrose solutions 
indicated a possibility that solubility changcs might 
be predictable. 

EXPERIMENTAL 

Materials.-The compoiinds used iti this study 
wcrc as follows: acetanilide N.F. (Mallinckrodt): 
acetoacetanilide (Fasttn:in No. 1339); p-aceto- 
toluididc (Eacttnaii No.  425); phenacctin U.S.1'. 
(n'epcra Cheiriical (20.); acetnininophen X.F. 
( KL'rpcr:t Chlniical Co.); 4-airiiiioaet-taiiilifle (East- 
i i i a t i  S o .  13) ; sugar. granu1:rted 1T.S.P. These 111:~- 
terials Lvcrc used without further purificatioii. 

Solubility De terminations.-Solubili ty detcrtninn- 
tioris of each rnntcrial were made in watcr and in the 

18.6, 31.6, 46.0, and 
Tlic 63. 1 ('(, s~icrose solution 

Deioiiized water was 
u5ed througliout this study. The dielectric coii- 
atants of thrsr solutions raiiged from 78.5 for water 
to 58.5 fer syrup U.S.P. The solubility determin:r- 
tioiis were made as clescrilird previously (4-6). 
Equilibration tiinc was 73 hr. .ill dctc.riniriatioiis 

crox svlutions: 
sucrose. 
to syrup [J.S.P. 

were made at 25". Sample volumes diluted for 
analysis were 1 ml. for 63.457 sucrose solutiotis arid 
5 nil. for all other samples. A4fter appropriate dilu- 
tions, all samples were analyzed spectrophotomctri- 
cally. Thc final dilutions and absorbance maxima 
for each compound were as follows: 1: 7000 dilution 
at 237 nip for aeetanilide, 1 : 100 dilution at  241 mp 
for p-acetotoluidide, 1: 100 clilutioii a t  245 nip 
for phenacetin, 1: 1000 dilution at  241 nip for acet- 
aniiiiophen, 1 : 2000 dilution a t  2.50 mp for 4- 
aminoacetanilide, 1: 1000 dilution at 240 nip for 
ncctoacctanilidc. 

Dielectric Constant.-Thc dic.lcctric constants of 
saturated solutions oi the compounds iiivestigatcd 
iti this study were measured on a WTW Multi- 
d(,kamctcr, model DK-06 (Kalil Scieiitilic Instru- 
ment Corp.), a5 previously described (2). Previ- 
ously determined values of the dielectric constants 
of the sucrose solutions were used, as these were in 
agreement with the values reported by other workers 
(7, 8) .  

RESULTS AND DISCUSSION 

The solubility data of the solutes investigated in 
this study are shown in Tablc I. The values rep- 
resent an average of three determinations in all 
cases, except phenacetiii, whcrc tw-o values were 
determined. 

The solubility ratios, i.e., solubility in 63.4570 
sucrose solution relativc to that iii watcr, are show-ii 
iii Table 11. It is notcd that significant solubility 
clianges were obtained in going from water to 63.47,{, 
sucrose solution. For draw-iug solubility curves, 
tlic solubility is plotted against both sucrose c o w  
centration and dielectric constant of the corresponcl- 
ing sucrose solution used as solvent. 

In general, the dielectric coristniit scnk squcc'zes 
in the x-axis. The solubility curves arc sliowii in 
Figs. 1-6. 

Acctoacrtar~ilide shows tlic Iargcst relative cliaiigv 
iii solubility, with a solubility ratio of 0.5. Its 
solubility curve is linear in relation to both sucrose 
coiict-ritration and dielectric constant (DEC) ol the 
solveut. The decrease it1 solubility is 0.25 nig./ml./ 
UEC unit. The solubility curves of acrtanilide and 
tliv p-mcthyl derivative (P-acetotoluidide) are 
smooth, nonlinear functions. However, i t  i q  iti- 
teresting to note that for the p-cthoxy derivative 
(phenacetin) and the p-hydroxy dcrivative (acet- 
;~iniiiopheri), there is a con,sidernblc chnngt- i n  
solubility going from 4B.O to 63.4( 
solubility ratio of tha p-arninoacctanilide is 0.88, 
sliowiul: tlic least change in  this scrics of solutcs. 
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TARLE ~.-sOI.UBILITT; OF I\CETANILIDE AND SEVERAL I)ERIVArIVES IK SUCROSE SOLUTIUNS 
. .~ ~- ~~ 

7--- Solubility, mg./rnl.------------ 

Solvent hcetanilide acetanilide Phenacetin arninophen acetanilide acetanilide 
p Methyl- hce t -  $-Amino- Aceto- 

Water 6.38 1.05 0.93 13.85 15.98 9 . 8 7  
18.6yo Sucrose 5.74 0.95 0.87 13.08 16 .04 8.34 
31.6% Sucrose 5.41 0.90 0.82 12.62 15.68 7.59 
46%, Sucrose 4.63 0.81 0.76 11 .63  14.74 t i .  17 
63.4% Sucrose 4.25 0.77 0.59 9 .80 14.02 4 .90  

~ ~~~~ ~ ~ ~ ~~ ~~ .~ 

TABLE 11. SOLUBILITY RATIOS WOK ACETANILIDE 
AND SEVERAL DERIVA'I'IVRS 

~. ____ 

S<lIll t c 
.icctaiiilicIc 
1 Methylacetariiliclc 
p-Ethoxyacetatiilidc 
p-IIydrowyacetanilicle 
p-Ahninodcetdnilidc 
Acrtoacctanilidc 

Solubility Rat io:  (mg./ml. in 
63.4% wy/w Sucrose Soh.)/ 

(mg./rnl. In Water) 

0 10 20 30 40 50 60 
% W/W SUCROSE 

0.66 
0 ,  73 
0 .  ($3 
0 .  71 
0.88 
0 50 

0 I,,,,,, 10 20 30 40 50 60 

% W/W SUCROSE 

80 75 70 65 60 
DIELECTRIC CONSTP 

Fig. 1.-Plot of solubility of acctuacctatdidc, 
ii1g./iri1. :tt 25", as a function of sucrose conccntra- 
tion and dielectric coustniit of solvent. 

r l ~ i s  scries o f  solubility curves is gciierally in rrgree- 
iuciit with previous fiudings (2.  3) .  The curves 
indicate the observed cfiangcs in solubility prokiably 
i~ivolvc. complex tnechanisrris. 

Tlic dccrcasc in solubility, going froin water to 
63.43; sucrosc solution, is shown in Table IIJ, 
for acet:riiilide x i c l  the ptiietliyl, p t l i o x y ,  p- 
hydroxy, p-aiiiiiio, aid the aceto denvatives. I t  
is sccn tha t  the solubility change is fairly coristuiit 
relative t o  the solubility in water for the  first four 
cornpoiinds. These results indicate the possibility 
o f  predicting solubility and are in agreement with 
iiriiilur observatiuris iiiade for antipyriilc aiid t w < )  
c1crivativc.s (2). 'I'hus, knowing the solubility change 
tliat occurs for xctaiiilidc, the expected change for 
the derivatives could bc approxiinatcly calculated. 

Fig. 2 -Plot of solubility of acctariiliclt~, in< / i d .  
at 25", as a function of mcrose curlcentration and 
dielectric constant of solvent. 

The  p-amino ricrivativr differs fr~)iii tliv rest of 
the solutes in this rc.qm1. This may he clue to tlic 
fact tha t  the aminc substitution niny causr 3 mucli 
stronger charige in the polarity of the molecule. 

It should also b c  noted that the p-amino rlcrivative 
has the highcst ~riagiiitutie of solubility in this scries 
of solutes. Acctoacctanilide, sliou-ing :rholit. a 507; 
decrease in solubility, was not expected to corrclatc 
since the substitution was dirrctly 011 the fui1ction;d 
group of the parent compound. 

It again indicatcs thc ticprndencc on th(. iiaturc~ 
of the solute and solvent. Howvet-, the apparent 
correlatiori noted iu the cliarige in mlubility with 
two sets of derivatives may be ol vduc. if i t  is fur- 
ther substantiated. 

The dickclric  tista st ants o f  tiir s:rturatctl solutioiis 
followed, in getierd, the sliapc o i  thc tiiclc,cti-ic 
constant curves of tlic solvents. 'I'hcrc W ; ~ S  i io  

indication o f  any specific coriclation. This niay 
partly be due to  the low so1ubilitit.s of the solutes. 

SUMMARY AXD CONCLUSIONS 

'I'he solubilities of acetariilidr ;md f i v e  r ~ l ; r t d  
compounds were determined in water and in sucrose 
solutions containing from 18.6 to 6:3.1c;b sucrosc. 
'Thc solubility o f  :ill solutrs ch:tiijietl sijiiiificaritly 
i i i  going from water to  syrup. The solubility curves 
oLtaiIied in this study- again indicate t1i:i.t. ohservcd 
e1i:ingcs arc o f  coniplcs mcchariisiii probubly in- 
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studied. This iurther indicated the possibility of 
predicting solubility changes. These conclusions 
should be considered within the type and range of 
systems investigated. 

This and previous studies show that  the for- 
mulator, in considering solubility or applyirig solu- 
bility data, needs to take into account the solvciit 
as represented by tlic total system of ititerest. I t  
is the authors' view that  i i t i  appropriatr recognition 
of  solubility phenomena is necessary if the forrnula- 
tor is to  use soliibility diffcrcnccs of the type rc'- 
ported in this and other studies either t o  his a(1- 

;/* \ 

I 
- 

0 I0 20 30 40 50 60 
% W/W SUCROSE 

1 0 6 k  

0 98 

0 90 

082 - 
078 - 

80 75 70 65 60 
DIELECTRIC CONSTAI 

Fig. 3 .  --]'lot of solubility of p-methylncetfliiilidp, 
ing./ml. :it 25", as :t function of sucrose conccntra- 
tion and dielectric constant of solvent. 

13.4 b: 
129 - 
124 - 

- 
E 
\ 

119 - 
F 
t 
4 
2 114 - 
_J 

8 
109 - 
104 - 

9 4  ggtl I I I I (I 
0 10 20 30 40 50 60 7 

96 W/W SUCROSE 
80 75 70 65 60 

DIELECTRIC CONSTE 

Fig. 4.--Plot of soltihility of B-liydroxyacetaiiilide, 
mg.jml. :it 25', as R function of sucrose concentra- 
tion and diclcctric constant of solvent. 

volving solvent polarity, as indicated by the dielec- 
tric coristaIit of the solvent, and decrease in the 
activity of water due t o  the additive sucrose. A 
strong deprnd~iicy on the nature of the solute and 
the sulveiit is ~ ~ 1 s t ~  indie~~tcd. 

'I'hc decrease in solubility relative to the solubility 
in water, in going from watcr t o  syrup, was found to  
be fairly consistent for several of the dcrivatives 
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Fig. 5.--Plot of solubility oi p~etlloxyncct~uiilidc., 
nig./1111. at 25", as a function of sucrose coriccntra- 
tion and dielectric constant of solvcnt. 
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Fig. Ci.-PIot of solubility of p-aminoacetaiiilitli.. 
ing./ml. at 25", as a function of sucrose coriciictra- 
tion and dielectric constant of solveiit. 
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T A B L E  I~I.-SOI.UBIl.ITY CHANGE, I'ER CENT DE- 
CREASE RELATIVE TO SOL~JBILITY I N  WATER, FOR 
ACETANILIDE AND SEVERAL DERIVATIVES, IN GOING 

FROM WATER TO 63.45; SUCROSE SOILTTIOS 
. ~ .  . -~ 

Soliihility 
i n  63.4y0 

Solubility Sucrose De- 
in  Water-, Soln. ,  crease, 

Solute mg./nil. mg.,'ml. <;& 
Aketariilide 6.38 1.25 33 
p-Methylacctanilidc 1.0,5 0.77 27 
p-Ethoxyacctanilidc 0.93 0.<59 36 
p-Hydroxyacctanilidc 13.8,s 9.80 29 
p-Aminoacetanilidc 15.98 14.02 12 
Acctoacetanilide 9.87 4.96 50 

~~ ~~ ~~ 
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vantage in achicving solubility or it1 avoiding proh- 
Ierns due to increased or dccrvased solubility. 

Although therc is no sweeping involvcrncnt of thc 
dielectric constant as either the parameter of choice 
or the mechanism involved, it may be a useful tool 
to the formulator in considcring solubility problcms. 
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Metabolism of 1C-Labeled Glutamic Acid and Pyroglutamic 
Acid in Animals 

By WINTHROP E. LANGE and EDWARD F. CAREY* 

A useful method has been developed for the paper chromatographic separation 
and identification of certain amino acids found in  biological fluids. A synthetic 
route to  'Glabeled pyroglutamic acid was developed. The "C-labeled glutamic 
acid and pyroglutamic acid were given orally to mice and rabbits. The drug con- 
centration i n  various tissues was determined utilizing a chromatogram scanner or a 
liquid scintillation counter. Experimental data indicated that the metabolic products 
formed following glutamic acid therapy were pyroglutamic acid, .T amino butyric 
acid, and glutamine. Animals to  which the labeled pyroglutamic acid had been 
administered showed radioactivity present as y amino butyric acid and glutamic 

acid. 

LUTAMIC ACID is ari important amino acid. Al- G though it is not essential for growth, it has 
been known for many years to be a rnajor constituent 
of body protein and to  takc part in many metabolic 
processes. In clinical therapy the monosodium salt 
has been used in place of thc free acid because 1,- 

glutamic acid is only slightly soluble in water and is 
absorbed slowly by ingestion. On the other hand 
tlic monosodium salt, which is soluble to t h e  extent 
o f  over 70';;, at rooin temperature is readily absorbed 
( I ,  2 j .  Monosodium glutamate has been tested 
i n  rnnny typrs  of neurological : t i i d  psychi~tric cases 
with positive rcsuits (3, 4) and with negative results 
15). Howevcr, glutamic acid therapy is a problem 
from two points of view. First, large doses are 
rcquircd; and second, its taste is difficult to mask. 

In 1941, Ratrier detrionstrated the formation of 
u-pyroglutaniic acid in rats fed oI.-glutaniic acid (6). 
Wilson and Koeppe dctermined labeled carbon 
c l iodc  excretion, pyroglutamic acid formation, 
:ind tissue glutamic acid coiieentr:ttinns after the 
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administration of D- and ~-glutamic acid-2-14C 
and DL- or u-glutamic acid-5-I4C 17). They found 
that when labeled D-glutamic acid was administered 
in small doses, intraperitoneally or by stomach tube, 
more than 5OfzI of the radioactivity was cxcretcd in 
the urine in 24 hr., most of it as o-pyroglutamic acid. 
There has been a great deal of investigation of thc 
rnetabolisrri of pyroglutamic acid in animals and 
man. Bcthkc and Steenboek fourid that it was 
converted to glutaiiiic acid and postulated that it 
was an enzymatic transfornmtion (8). Howcvcr, no 
reports of the presence of pyroglutamic acid iri brait) 
tissue were found. Thus, it is proposed to  develop 
a micro-method which could accurately deterrriirie 
thc distribution of glutairiic acid or a metabolic 
product in various tissues following oral administra- 
tion of glutamic arid pyroglutarnic acid. If the oral 
administration of pyroglutamic acid shows the same 
compound or compounds are crossing thc hlood 
brain barrier then possibly it can be used iii place 
of  glutamic acid to give a similar thcrapcutic rv- 
spoiisv a t  :L lower dosage. 

METHODS AND PKOCEDUHES 

'I'hc papcr chroniatographic procedure described 
below is based on a method reported by Clayton and 
Strong (9). 

Paper Chromatography.-Standard solutions were 
preparcd of various amino acids. Known quantities 
of the solutions were spotted on strips of Whatman 
No. 1 cliro~natographic paper. 'I'he strips were 




