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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 
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dried arid developed by the descending techniques 
in chromatographic tanks containing a solution 
consisting of mcthyl ethyl ketone, propinnic acid, 
mid water (7<5: 25: 20). The strips werc devclopc(1 
at 25" for 8 hr., removed from the tanks, and air 
dried. Thc strips were then sprayed with a 0.2Yh 
solution of iiiiihydrin in alcohol and activated in an  
oven at SOo. A11 of the amino acids appeared as 
characteristic piiik to  purple colored spots 011 the 
paper except for pyroglutamic acid. The strips were 
placed in a n  atmosphere of chlorine vapors for 5 min., 
allowed to hang in a hood overnight, and then 
sprayed with 3 starch-potassiuni iodide solution to  
show the yyro~lutaniic acid as a blue-black spot 
on a light blue background (10). The A/ values 
calculated for the various amino acids of interest 
were : 

DL-Glutamine . . . . . . . . . . . . . . . . . . .  0.22 
DL-, L-, and I , ( + )  Glutnrnic acid. .  . 0.29 
y =Imino butyrie acid. . . . . . . . . . . .  0.52 
Glutathione. . . . . . . . . . . . . . . . . . . . .  0.55 
Pyroglutamic acid. . .  

Synthesis of Labeled Pyroglutamic Acid.-A 
measured solution of glutamic acid-l-l", buffercd 
to  a p H  of 2.0 with hyclrochloric acid, was sealed 
in a glass ampul, and placed in an overi at 130" 
for 72 hr. After the arripul was coolrd, it was opened 
and a sample subjected to  paper chromatographic 
examination. The paper strips, after chromatog- 
raphy, were run through a cliromatograrri scanner, 
model KSC-160 by Atomic Accessories, Inc., at  a 
rate of 1.5 in./rnin. with a constant flow of Geiger 
gas. The ratc meter attachment was a Tracermatic 
by Tracer Labs. Standard curvcs of glutamic and 
pyroglutaniic arid were obtained by plotting for a 
scan of a given number of counts pcr minute the area 
under the curve in centimeters agaitist the number 
of gamma's of isotope spotted. The conversion of 
glutamic acid to  pyroglucarnic acid was nearly 
quantitative. 

Liquid Scintillation Detection.-To increase the 
sensitivity for the dctection of micro quantities of 
the amino acids in the tissue samples, the paper 
strips were cut into small portions and placed in 
scintillation fluid. The fluid used consisted ol 0.1 
Gm. of 1 ;l-di~2-(5-pheiiyloxazolyl)-benzene, 14 
Gm. of 2,6-diplienyloxa.zolc, 100 Gm. of naphtha- 
lene (C.P.), and sufficient dioxane t o  make 2 L. 
' lhe liquid scintillation cuunter was from Baird 
Atomic, Inc. From the R, values for the various 
amino acids, the activity found in various portions 
of the paper strips could be identified. 

Comments on the Analytical Procedures.-It was 
found that the paper strip could not be chlorinated 
before sprayin,< with ninliydrin if thc ninhydrin- 
positive amino acids were to  be detected. It was 
also noted that  tlie chlorination step could not be 
speeded up without a loss of sensitivity. Thin- 
layer chromatography was tried. Satisfactory sep- 
aration of tlie amino acids was not obtained. 

BIOLOGICAL TESTING 

Investigation with Rabbits.-A. fasted rabbit 
was fed 900 pl. of glutamic a~icl- l - '~C,  which coii- 
tained 20 pc. of activity in 20 Grn. of glutanlic acid 
carrier. After administration of the drug, 2-ml. 
samples o f  blood were obtained from the rabbit by  
cardiac puiicturcs a t  0.5, 1, 2, 3 ,  4, 6, 18, arid 24-lir. 

.Toilriitrl of Phicrmaceihcnl Sciexces 

intervals. One millilitcr of a 100/0 solution of tri- 
chloroacetic acid was added to the blood sample, 
the suspension mixed, ccntrifugcd, and the  clear 
supernatant fluid separated. A 100-pl. sample nf the 
supernataut was spotted on a strip of Whatman No. 
1 chromatography paper and the strips chrornato- 
graphed iu the previously described devcloping 
system. The strips were allowed to  develop for 6 
hr., dried, and run through the chromatogram 
scanner with a rate iiictcr attached. A 250-p1. sam- 
ple of the supcrnatant fluid was added to  15 ml. of 
scintillation fluid in low 'OK vials, the mixture 
shaken, and countcd in a liquid scintillation counter 
t o  give the total activity for the sample. Portions 
of the chromatographed strips wcrc trratcd with 
scintillation fluid arid the resulting solutions counted 
as before. From thc R f  values found for thc 
various amino acids, the source of radioactivity 
found in the samples could be identified. 

The pyroglutamic acid- l - IT,  w-hich had been 
prepared from the labclcd glutamic acid, was fed 
to  a 2.5-Kg. rabbit. The procedure followed was 
the  same as for the labcled glutamic acid study 
except that  300 pl. of pyro,glutaniic a~ ic l - l - ' ~C  in a 
3-Gm. carrier solution of pyroglutamic acid was used 
as the dose. 

Investigation with Mice.- Three white mice, 
each weighing approximately 20 Grn., were fed 1 
i d .  of a glutaniic acid carrier solution which con- 
tained 1 pc. of glutaniic acid-l-l4C. After 3 hr.. 
the  mice were heparinized and sacrificcd. The 
blood from the three mice was pooled, the protein 
precipitated with trichloroacetic acid, thc mixture 
centrifuged, and the supernatant fluid separated. 
The brain was enucleatcd from each mouse and 
washed with three portions of sterile sahne solution 
at 5". The brains from the three mice were pooled, 
homogenized with 2 ml. of cold saline solution, the 
mixture centrifuged, and the clear liquid collccted. 
The kidneys of each iriou~e were treated in a similar 
uiaiiner. Coiiti-ol tissues w e r ~  similarly prepared 
from untreated mice. Fifty microliters of the three 
differcnt tissuc samples were spotted on strips of 
Whatman No. 1 chronintography paper. Thc 
strips were developed in the previously described 
manner. The chromatographed strips after drying 
were run through the chromatogram scanner. Nu 
clearly defined areas of radioactivity could be dc- 
tected. The strips were then cut into sections and 
placed in 40K free glass vials, each containing 15 tnl. 
of scintillation fluid. Radioactivity \$as detected 
in sorne of the vials. Knowinx the a r m  (R;) of the 

TABLE I.-SERUM LEVELS OF LABELED A M I N O  

GLUTAMIC AND PYROGLUTAMIC ACIDS TO RABBITSO 
ACIDS FOLLOWING AkDMINISTRATION O F  LABELED 

Glutarnic PyroKlularnic 
Acidb Acide 

Glutamic acid 36d 60 
Glutamine 28 . .  
y Aminobutyric acid . .  60 
Pyroglutamic acid 32 20 

Radioactivity obtained from a liquid scinLillatiou counter 
of 100 p l .  of a 3-hr. serum sample chrom-tographed on paper 
arid extracted with scintillation fluid. Dose of 250 p l .  in 
20 Gm. of carrier solution (20 11c. of activily). ugse of 
300 @I. in 2 Gm. of carrier solution (20 pc. of activity). Av- 
erafie riurrtber of counts/min. for six animals. 
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'I'ABT,E II.-'rISSUE 1,BVF:LS OF J,ARELF:D A M I N O  ACIDS FOLLOWING I\DMISISTR.kl . ION OF 1,ARET.ED G l . U T A M l C  
AXD PYROGLUTAMIC ACID TO MIVE* 

______ -~ _____ ~ ~~ ~~ ~~~ ~~ - 
I- ~ <:litlamic Acicl', \ -  I'yi oglutarriic Aciilr, . -  

Serum Brain Kidncy Serum Drain Kidney 

Glutamic acid 4% 4u 4 6 . . .  29 . .  
Glutamine . .  28 36 . . .  . .  . .  
y Aminohutyric acid . .  . .  . .  . . .  . .  82 
Pyroglutamic acid 30 . .  . .  310 . .  . .  

-~ . ~ ~~~ ~ ~~~~~~~ ~ ~ ~~~~~ ~~~~~~ ~ ~~ _ - 
a Radioactivity obtained from a liquid scintillationcounter or 100 p!. of a 3 ~ h r .  tissue sample chromatographed on paper and 

Av~rage  extracted with scintillation fluid. 
number of counts/min. f o r  three groups of three aninials/group. 

Dose of I nil. of glutamic 01- pyroglntamic acid carrier with 1 pc. of activity. 

strip associated with the vials having radioactivity, it  
wiis possible to  predict the amino acids involved. 

Thc cntirc procedure was repeated with groups of 
three mice being fed pyroglutamic ~ c i d - l - ' ~ C .  
'Thc dosage was the same as  for the  glutamic acid 
study. 

RESULTS AND DISCUSSION 

In the synthesis of the  labeled pyroglutamic acid 
from tlir labeled glutamic acid, it  was found tha t  
the 72-hr. heating a t  130" gave better than a Y872 
convcrsion of glutamic acid to  pyroglutamic acid. 
Heating for 24 hr. at the same temperature aave 
about a 95G& conversion, while heating at 100" for 
24 hr. gave only about an WJT, conversion. 

'l'ablcs I and I1 summarize the distribution c i f  tlic 
different labeled amino acids found in thc various 
tissues alter the oral administration of labeled 
,qlutatnic arid pyroglutamic acid t o  rabbits and mice. 
Xo attempt was made t o  determine absorption rates. 
However, when the  total concrntration of labeled 
pyroglutamic acid and labeled glutarnic acid in tlie 
tissues studied are compared it can bc  seen tha t  at 
the  3 hr. sampling time, despite a lower dose being 
given, the pyroglutamic acid is more coinpletely 
absorbed. 

The p:tpcr strips which contained the chrornato- 
graphed samples froin the blood of tlie rahbits fed 
labeled glutaniic acid sliowcd only tlic presence of 
glutarnic acid antl pyroglutamic acid when tlicy wcrv 
run through t h e  chrorn;ttograni scanner. The acids 
were identified by  their RJ values on thv paper, as 
well as thcir color folltiwiiig spraying of thr strips 
with the  described indicator solutions. Tlie pres- 
ence of labeled glutamine in the  hlood samples was 
not detected until the  strips were cut into sections 
and examined with the liquid scintillation counter. 
The highest radioactivity lcvcls in the hlood wcrc 
found between 2 and 1 hr. after oral administration 
ol the labeled glutamic acid. rl'l~csc activity lc 
were found to  be equivalent to approxiniatcly 
of the  adrninistcrcd dose of' labeled drug. The 
cliromatogram scanner did not differentiate tlie 
radioactivity source on paper strips preparctl from 
the  blood of rahbits fctl thc  labclcd pyroglutaruic 
acid. It was possiblc, however, t o  differentiate thc 
amino acids containinx the  radioactivity using the 
liqiiid scintillation counter. 

I n  the  mice, the higlicst tissue concentration o r  
radioactivity was found to  bc hetwceii 2 and 4 hr. 
after adrniriistratii~n of the labeled acids. In all of 
tlie studies with mice, thc chromatogram scanner waq 
not able t o  differentiate the sources of radioactivity 
in  the  tissucs examined. Aftrr 3 hr., the mice which 
had been led the  labeled glutarnic acid werc found 
to have the greatest concentration of radioactivity 
in the kidney, whilc after pyroglutamic acid ad. 
tninstration the highest activity was found in the 
blood. 

Attempts to obtain autoradiograms from contact 
of the  chromatograplied strips with X-ray film were 
not successful. lrarious concentrations of the 
tissue fluids were chroriiatographed as well as vari- 
ous dcvclopnicnt times wcrc tricd for tlic X-ray 
film. It was thought tha t  tlic autoradiograms 
might givc a second method for clicchi~ig R, valucs 
for tlie labeled arriino acids. 

SUMMARY 

It has been found that tlie metabolism of labeled 
glutamic acid znd pyroglutamic acid in mice can be 
followed usiii,g a corribination of paper chroinntog- 
raphy and liquid scintillation counting. Labeled 
pyro.i'lutariiic acitl was found to  I x  absorbed after 
oral administration antl converted t o  glutarnic acid. 
The  labeled gliitarnic :Icitl was further found to  bc 
prcwiit in hraiii tissuc wliile the pyroglutainic acid 
vas  not found in the brain tissue a t  any  time. Thus, 
it  rtiiglit bc possible to obtain a therapeutic 1-csponse 
similar to  that of glutamic acid after oral administra- 
tion of pyro.i':]tit~rii~ic acid. 
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