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ABSTRACT
THE DETERM NATI ON CF 5-0XOPROLINE BY H GH PERFORVANCE
LI QU D CHROVATOGRAPHY ( HPLCQ)

Sadi ga Nasreen
Mast er of Science

Youngstown State University, 1985

This work deals with the devel opnent of a sinple
procedure for the quantification of 5-oxoproline in human
urine. It is an attenpt to nake it applicable to routine
use in the clinical |aboratory. This is an extensi on of
the study done by Robert Edwards MS  Thesi s (Youngst own
State University, 1978) and involves the adaptation of
an existing "qualitative HPLC nethod for the general
screening of organic acid disorders". )

An HPLC with uv detector and a Bio-Rad Aminex
HPX- 87H col umm wer e used. This colum containing the
sul fonated polystyrene-divinyl benzene co-polymer was
very stable wth prolonged good colum condition and
provi ded a very good separation system

The assay procedure was very sinple. 20 AL of
filtered wurine was injected onto the colum using
8 mM sulfuric acid as the nobile phase at a flowrate of

10 mL/min. The peak of the unknown was identified using



the retention tine and peak height ratios at two
different wave lengths in the W. To quantify b5-
oxoproline, an external standard was used. A calibration
curve was nade wth different concentrations of 5-

oxoproline by plotting the anount of 5- oxoproline

I nj ect ed in nanonol es against peak height in mm
(absor bance). The peak hei ght of the unknown was then
read from the chromatogram obtained and the
amount was interpolated fromthe calibration curve. The

calibration curve was a typical Beer's Lawplot with a
linearity range of 0 to 20 nanonol es. The limt of
detecti on was approxi mately 2.0 nanonol es.

This assay involves about 15 mnutes, but the
colum needs to be cleaned for the next assay, Si nce
urine contains nunmerous conpounds, an average of 45
mnutes is required for cleaning after each assay,

Ainical studies were made on five different
di seased urines. Two honocystinuric urines were found
to contain substantial anounts of 5-oxoproline. Test
sanples from two patients wth creatinine clearance -
probl ens were exam ned, but only one patient excreted 5-
oxoproline; the other chronatogramshowed no trace of 5-
oxoprol i ne.

This study has shown that the nethod is sinple,
fairly rapid, sensitive and can be utilized in any snall

clinical laboratory which has an HPLC with uv detecti on.



For further research the assay should be perforned on a
statistical basis, in order to develop a baseline for the
normal values in different populations, e.g., male vs.

femal e, adult vs. child, etc.
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ABBREVI ATI ON  AND DEFI NI TI ONS

Dead Vol unes any vol ume between the
i njector and detector
wher e separation does not
occur.

El uti on chronat ography the renoval of the conponents
of interest fromthe colum
with an el uent.

Flow rate mlliliters of nobile phase
whi ch are punped during a
given tine frane.

K' val ues # of nmoles of solute in the
stationary phase divided by
the # of noles of solute in
the nobil e phase - retention
of the conponent conpared to
t he ' solvent front (or dead
vol une)

Mobi | e phase sol vents which are punped
t hrough the system coursing
over the colum and el uting

conponents.
Pattern of elution O der of aﬁpearance of the
peaks i n the chromat ogram
Regul atory enzymes regul ate the netabolic path-
ways in which they are
i nvol ved.
Rel ative Standard the measure of precision
Devi ation (S D) (al so known as coefficient

of variation)
™S Trimethyl silyl
AUFS Absor bance unit full scal e



CHAPTER |

| NTRCDUCT! ON

STRUCTURE CE 5- OXCPROLI NE

The cyclization of glutamc acid forns an
anhydride, which is commonly known as 5-oxoproline. The
synonyns of 5-oxoproline are pyroglutamc acid, 5-oxo-2-
pyrrolidine carboxylic acid, 2-pyrrolidone-5-carboxylic
acid, glutimnic acid,=<~- amno glutaric acid lactam and
glutamc acid lactam.

The correct structure of 5-oxoproline was
reported in 1890's by Menozzi and Appiani (1,2).
Pattabhi and Venkatesan (3) determned the detailed
crystal structure of 5-oxoproline by the nethod of
synbolic addition, from934 observed three-dinensional
phot ographic data and reported that the "crystals are
monoclinic with a=28.14, b =886 c =9.32a (all =+
0.02a) and B = 116.5 (2), z = 4, space group P2. /c. The
structure (shown in fig. 1) was refined by full matrix
| east -squares method to R 0.091." The structure is
stablized by N..... H and 0 —H..... 0 type hydrogen
bonds, The dinmensions of the amde group which is
significantly non-planar are conparable to those found in
t he pepti des.
The five-nmenbered ring with the cis-type amde

bond causes the non-planarity of the am de group.
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Fig. 1L Structure of 5-0Oxo-L-Proline

The carbon atomat position 5 has a double bond wth an
oxygen atom whi ch makes the conmpound play an inportant

role in ultra-violet spectroscopy.

CHEM CAL BACKGRAOUND

5-koproline exists in the formof D and L
enantioners (2), which is due to the chiral carbon atom
at position 2, having a carboxylic acid substituent and
the Hatom As usually designated, the wedge
representation in fig. 1 signifies that the carboxyl
group lies above the plane of the paper, while the dotted
line signifies that the hydrogen atomlies below the
pl ane of the paper. On reversing the substituents on the
carbon atomat position 2, the Dformwould result.

5-Oxoproline is obtained by heating glutamc acid
at 180-190"C (4) . WIson and Canon (5) denobnstrated that

in an aqueous solution, 5-oxoproline and glutamc acid



are present in equilibrium The equilibrium position is
dependent upon pH and tenperat ure. Sone of the typica
equilibriumvalues at a pHof 0.13, 3.96, 11.81 and 13.38
at 25Care 80 97.8, 627 and 1.9% of 5-oxoproline
respectively.

5-Okoproline is a derivative of the amno acid
proline; as can easily be noted by nunbering the ring
atons in the nol ecul e.

The nol ecul ar weight of this conpond is 129.11.
The specific rotation of 5-oxo-L-proline (29/1%0 mL
wat er) at 20° ¢ and using the D line of sodium,Exlljt is -
11.9° C (6). It is soluble in alcohol, acetone and
water. The nelting point of the DL formis about 182°C

A nunber of derivatives of 5-oxoproline have been
encount er ed. The nost commonly found derivative of 5-
oxoproline is theanine (glutamc acid ethyl amde), a

naj or conponent in tea extracts (7). It is formed by the

foll ow ng reaction

HC Q R NG — O

e‘thjlp’*”‘“'a H ‘S'-'O)COP‘{D%C

Fig. 2 Theanine

(glutamc acid ethyl am de)



Kanso et a1 (8), determned the structure of
anot her derivati ve, N hydr oxynet hyl - pyrrol i done
carboxylic acid, which is produced by the reaction of
pyrogl utam c acid with fornal dehyde.

Recently one nore derivative of 5-oxoproline has
been determ ned by a group of Japanese workers (9). The
derivative is a newantibiotic designated as FR-900148
which is produced by a strain of St rept onyces
xant hoci di cus. The structure has been established as 1-
N-valyl-3-chloro-2,5-dihydro-5-oxo-1H-pyrrole-2-carboxylic
acid, on the basis of spectroscopic and chem cal evidence.

Pyroglutam c acid has been reported by various
workers as being tasteless (10,11), bitter (12) and a
fl avour enhancer (13) that could be formed from gl utamate
during processing or reconstitution of dried food
products (5). It is not detected by nost glutanate

anal yses (14) .

PHYSI OLOGd CAL BACKGROUND

"5-Oxoprolinuria® or "pyroglutamc aciduria" nay
be due to an inborn error of glutathione netabolism
Q@ utathione is an ubiquitous tripeptide (L-Y-glutamyl-L-
cyst ei nyl gl yci ne) f ound in relatively hi gher
concentrations in many mamalian tissues, in mllinolar
concentrations intracellularly and in relatively |ower
concentrations in blood plasma and urine. A ut at hi one

al so occurs in several polypeptides including fibrinogen,



I mrunogl obul i ns, and coll agen as the N-termnal residue.
It serves as a storage formof cysteine.

The Y -glutamyl |inkage and the sul fhydryl group
of the glutathione nolecule play an inportant role in
glutathione netabolism (or the ¥ -glutamyl cycle).
Qutathione has inportant functions in the centra
nervous system Patients with defects of the Y-glutamyl
cycle are nentally retarded and exhibit other brain
def ect s. The  functions, nmetabolism and the five
different categories of diseases related to gl utathione

metabolism are described bel ow (15).

Functions of Q utathi one

(i) Qutathione is a participant in transhydrogenation
reactions that function in the formati on and mai ntenance
of the sulfhydryl groups of other nolecules (e.qg.,

coenzynme A and various enzynes and ot her proteins).

(ii) It provides a reducing capacity for sone reactions,

€.g., the formation  of deoxyri bonucl eoti des by

ri bonucl eoti de reduct ase.

(iii) Qutathione functions in the detoxification of

hydr ogen peroxi de, other peroxides and free radicals.

(iv) Qutathione also functions in the detoxification of
a variety of foreign conpounds which interact wth
glutathione, and which are ultinately excreted in the

urine or feces in the formof nercapturic acids. Simlar



derivatives of glutathione are fornmed in endogenous
nmet abol i sm e.g., in the netabolism of steroids,

prost agl andi ns, | eukotrienes, and el ani ns.

(v) The Y-glutamyl noiety of glutathione plays an
inportant role in the transport of amno acids, peptides

and am nes.

THE ¥ -GLUTAMYL CYCLE

The Y-glutamyl cycle (16) shown in fig. 3
involves the biosynthesis and the degradation of
glutathione. The cycle runs through six enzyme-catal yzed

reacti ons which are descri bed bel ow

(i) ¥-Glutamyl transpeptidase: this nenbrane - bound
enzyme catalyzes the reaction between an extracell ular
amno acid and glutathione to formcysteinylglycine and

the Y-glutmyl amino acid in the cytoplasm

(ii) Peptidase: this enzyne catal yzes the dissociation
of cysteinylglycinein the cytoplasmto formglycine and

cysteine (reaction 6).

(iii) ¥ -Glutamyl cycl otransferase: the "release™ of
the amno acid to the cellular pool and simultaneous
cyclization of the Y-glutamyl noiety to 5-oxoprolineis

catal yzed by this enzyne. (reaction 2)

(iv) 5-xoprolinase: this enzyme catalyzes t he

hydrol ysis of 5-oxoproline to glutanmic acid; the energy



( glutathione)

ADP+P;
(AmmoAcxd) f‘Q'U‘CYSH'le {i °
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[7- GLUTAMYL TRANSPEPTIDASE] [esH SYN;!ETAs?{ :
@ glycine \
cysH-gly —/
7-qlu=AA 7 -glu-cysH
{7- GLUTAMYL CYCLGTRANSfERAsTj cysfein\ej /, ADP +Pi
[7-GLU-CYSH SYNTHETASE]
ATP
AA  5-oxoproline —_glutamate
: @ 5 - GXOPROLINASE
77\
ATP ADP+P;

Fig.3 The Y.glutamyl cycle (16)



£Or  thnis reaction is sypplied by the cl eavage of ATP to

ADP and inorgani c phosphate (Pi). (reaction 3)

(v) Y -Glutamylcysteine  synthet ase: this enzyne
catalyzes the formation of ¥ -glutamylcysteine from

glutamc acid and cysteine. ATP is cleaved to form ADP

and i norgani c phosphate (Pi) . (reaction 4)

(vi) dutathione synthetase: the cycle is conpleted by
the action of this enzyne on glycine and ¥ -
glutanylcysteine to formglutathione and involves the
expenditure of an ATP. (reaction 5)

Apart from these pathways described in this Y-
glutanyl cycle, Eldjarn, et al (17) have specul ated t hat
there are three alternate pathways of 5- oxoproline

degr adat i on.

(i) The acetylation of 5-oxoproline to yield N-acetyl-5-
oxoproline and its subsequent hydrolysis to N-acetyl-

gl ut anat e.

(ii) The conversion of 5-oxoproline to 5-hydroxyproline

foll owed by dehydration to A~I—pyrroline—S—carboxylate.

(iii) 2-hydroxyl ation of 5-oxoproline forns 2-hydroxy-5-
oxoprol i ne whi ch undergoes further reaction to yield = -
ket ogl ut ar anat e.

Y-Glutamyl transpeptidase is the only membrane-

bound enzynme of the cycle. It is found abundantly in the



epithelial cells of nephron, choroid plexus, jejunum
ciliary body and other tissues which are extensively
i nvol ved in transport (18). Transpeptidase is found on
the surface of cell nenbranes, but glutathione is found
intracellularly. This evidence led to the postul ate that
there nust be an intracellular glutathione transporting
nechani sm The in wviva studies nmade by injecting
animals wth inhibitors of transpeptidase produced
extensive glutathionuria (19). This study al so showed
that although this enzynme can catalyze hydrolysis of
glutathione and other ¥ -glutamyl conpounds in Vvitro,
transpeptidationis a major function of it Ln vivo The
nost active amno acid acceptors are cystine (20)
gl ut at hi one, gl ycine, methionine and other neutral am no
acids, but not proline. Ti ssues that have | ow
transpepti dase activity, such as liver and nuscle, export
gl utat hi one to the bl ood pl asna.

Normal |y the plasma glutathione levels are in the
m cronol ar range (human 1 to 3 AiM) (21) but on inhibition
of transpeptidase, the plasna glutathione |levels
increase. On the contrary when but hi oni ne sulfoxfﬁine,
an inhibitor of glutathione synthesis, is adm nistered,
there is a pronpt decrease in the tissue glutathione
levels and thereby in the plasma glutathione |Ievels.
Anephric aninmals treated with transpeptidase inhibitors
show that about two-thirds of the plasma glutathione is

used by the kidney and the renainder by extrarenal



transpeptidase. About 80 percent of arterial plasma
gl utathione is renoved during passage through the ki dney.
Extracellularly glutathione is oxidized to glutathione
di sul fide by a non-enzymatic process (22).

It is postulated that the transport mechani smfor
Y-glutamyl anino acids is separate from those that
transport free amno acids, but simlar to the transport
of sone other dipeptides. Drect evidence for this
phenonmenon has been obtai ned. The Y -glutamyl
cyclotransferase is nost active towards the L-Y-glutamyl
derivatives of the L-isoners of several amno acids,
e.g., (¢lutamne, methionine, al anine, cysteine, cystine
and seri ne. This enzyne is also highly active towards a
wide variety of di-Y-glutamyl am no acids, which nmay be
formed by the action of transpeptidase (23).

5-Okoprolinase is the least active enzyne in
vitro anmong the enzymes of the cycle (24).
The other enzynes of the cycle, like the glutathione
synt het ase, Y-glutamylcysteine synthetase and Y-glutamyl
transpeptidase have |ower activities in vivo than the
activities found in vitro (25). The reaction catalyzed
by 5-oxoprolinase is the slowest step in the Y-glutamyl
cycle and is considered to be the rate-limting step.
Even a conplete bl ock of 5-oxoprolinase activity would
not stop the cycle because gl utamate can be produced by
ot her pat hways from gl utam ne and o€ -ketoglutarate. The

effect of a conpetitive inhibitor of 5-oxoprolinase in



rats produced an increase in the tissue concentrati on and
urinary excretion of 5-oxoproline. Specific enzyne
inhibitors were applied and blocks of the Y-glutamyl
cycle were achieved (16, 26, 27). Adm ni stration of
am no aci ds increases transpeptidation, which ultimtely
produces 5-oxoproline by the action of Y¥-glutamyl
cycl ot r ansf er ase. Admni stration of |arger amounts of
am no aci ds produces a decrease in the renal gl utathione
| evel s (28), but adm nistration of Y -glutamyl
transpeptidase inhibitors does not decrease the renal
gl ut at hi one | evel s.

dutathione inhibits Y-glutamylcysteine synthetase
ina non-allosteric manner. (dutathione is a conpetitive
inhibitor with respect to glutanate. The other |ess
effective inhibitors are Y-glutamyl = < -aminobutyrate
and Y-glutamyl -*¢-aminobutyrylglycine. The synthesis of
gl utathione is inhibited by buthionine sulfoximne. Y- -
A ut anyl cysteine synthetase is inhibited in vivo by both
but hi onine  sul foxi mne and met hi oni ne  sul f oxi m ne.
Qutamne synthesis is inhibited by o¢ -ethylmethionine
sul f oxi m ne.

Thus, due to all these different inhibitors and
deficiencies there is a pronounced change in the -
gl utanyl cycle. This change in the cycle has been very
closely studied with reference to 5-oxoprolinuria and the
modi fied Y=-glutamyl cycle in 5-oxoprolinuria has been

postul ated by Vellner et al (29) , which is shown in fig.4.



D seases rel ated ta gl ut at hi one et abol i sm (15)

1 5-xoprolinuria: this is due to the deficiency of

gl utat hione synthetase, except in erythrocytes, which
leads to the deficiency of glutathione. A ut at hi one
nornal |y regul ates its own biosynthesis by inhibiting Y-
gl utanyl cysteine synthetase - the enzyne that catal yzes
the first step in the biosynthesis of gl utathione. Due
to this narked reduction of glutathione levels, thereis
increased formation of Y-glutamylcysteine, which is
converted to 5-oxoproline by the action of Y-glutamyl
cyclotransferase (fig. 5). The overproduction of 5-
oxoproline exceeds the capacity of 5-oxoprolinase to
convert this substrate to glutamate, and sone of the 5-
oxoproline is therefore excreted in the urine. The
metabolic defect leads to a nodified ¥Y-glutamyl cycle
in which there is a futile synthesis of Y -
glutamylcysteine followed by its convertion to 5-
oxoprol i ne and cystei ne.

Thus . 5-oxoprolinuri a, an inborn errox_  of
gl utat hi one netabolism Is characterized by nassive
urinary excretion of 5-oxoproline, elevated |evels of 5-

oxoproline in blood and cerebrospinal fluid, severe
netabolic acidosis, tendency towards henolysis and

def ective central nervous system function

2 Erythrocyte gl utathi one synthetase deficiency: this

Is associated with the synthesis of an unstable

12



13

(Amino Acd) 7 -qlutamy! cystzine ('ADP +P;
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Fig.a4
g Modified \ﬁ-glutamyl cycle (29)



feed-back inhibition -~

it R Rl )
1 |
é (reduced glutathione)
GLU —7——9 J‘GLU~CYSH% ¥-GLU-CYSH-GLY
4 |
CYSH GLy

¥-GLU-CYS-GLY

f
5 - OXOPROLINE ¥-GLU-CYS -GLY
\_ ® J (oxidized glutathiane)

FiG. & Mechanism of 5-oxoproline overproduction in patients with glutathione
synthetase deficiency. Enzymatic steps involved in the biosynthesis of glutatrie né
(1) y-glutamyicysteine synthetase; (2)glutathione synthetase; (3) y-glutamyicyclo
tnnsferase: (4) 5-oxoprolinase; (5) glutathione reductase. )

14



gl ut at hi one synt hetase nol ecul e. The turnover of this
defective but active enzyne, is sorapid that in nost
tissues it conpensates well for the defect, but this is

not the case in the erythrocyte, where protein synthesis

does not take place. Thus gl utathione synthetase
defi ci ency, which is apparently restricted to the
eryt hrocyte, Is associated with reduced erythrocyte

glutathione levels and well conpensated for henolytic

di sease. 5-xoprolinuria does not occur

3. Y-glutamylcysteine synthetase deficiency: this di sease

I's associ ated with generalized gl utathione deficiency and
marked deficiency in the synthesis of Y -glutamyl
conpounds. These patients exhibit henolytic anem a,
spi nocer ebel | ar degenerati on, per i pher al neur opat hy,

nyopat hy and aminoaciduria.

4. Y -glutamyl transpeptidase deficiency: this disease

Is associated with patients exhibiting central nervous
systemi nvol venent, glutathionema and urinary excretion
of substantial amount s of gl utathione, =~ Y-
gl utanyl cysteine and cysteine noieties. The wurinary

excretion of these sulfur containing conpounds suggests,

t hat the physiologic function  of Y-glutamyl
transpeptidase is associated with their netabolismand or

their transport. The transport of Y-glutamyl am no
acids is found to be inhibited by high concentrations of

gl ut at hi one.

15



The Y'-glutamyl transpeptidase activity is not
conpletely absent in the patients. Even in the
experinental aninmals treated with potent Y-glutamyl
transpeptidase inhibitors, the activity of the enzyne is
not conpl etely abol i shed.

_ _ Yﬁglutamyltranspeptidase
gl ut at hi one + L-cystine N

L- Y-glutamyl-L-cystine + L-cysteinyl gl ycine

5. 5- xoprolinase deficiency: These patients are

associated with excretion of noderate amounts of 5-
oxoproline in their urine, but have higher than nornal
blood plasma |evels of 5-oxoproline. Al t hough 5-
oxoprol i nase deficiency wuld decrease conversion of 5-
oxoproline to glutamate, there is no deficiency of
glutamate, and also there is no conplete lack of 5-
oxoprolinase in the diseased state

5-0xo-L-prolinase

5-oxo~L-proline + AIP + 2H10 S
-

L-glutamate + ADP + P




STATEMENT CE THE PRCBLEM

Primary disorders of organic acid metabolism
al though rare, are being studied in many |arge clinical
| abor at ori es. Ohe of the main reasons for the lack of
wi despr ead testing is due to the unavailabilty of a
sinpl e, inexpensive technique for their det ect i on.
H therto, these disorders could only be diagnosed by the
use of a conplex analytical procedure involving gas-
chr onmat ogr aphy and/ or the coupling of gas-chronatography
and nmass spectronetry (GCMS) . These techniques are
| abor-intensive and require highly skilled operators. The
sanple preparation also involves a series of steps for
their extractions and derivatizati ons.

The purpose of this researchis to enploy the
qualitative procedure of Bennett and Bradey (30) -
"sinpl er l'iquid = chromat ographi c screening of organic
acid di sorders” by the use of H gh-Performance Liquid -
Chr omat ography (HPLC), to develop a technique for the
quantification of 5-oxoproline in human urine. It is
an attenpt to mnmake it applicable to routine use in
the clinical |aboratory. Thi s techni que would not only
be helpful in the diagnosis, of 5-oxoprolinuria but nmay
also prove that this disorder is nore prevalent than is
currently appreciat ed.

This research work is ained at developing a
quantitative techni que which is sinple, fairly rapid,

sensitive and can be utilized in any snall clinical

17



| aboratory which has an HPLC with ultra-violet (UV)
det ecti on.
HPLC is often preferred because derivatization of

t he conmpounds are not usually required for the analysis.

18



CHAPTER 11

REM EW CE LI TERATURE
CURRENT METHOD oF 5- OXCPROLI NE DETECTI ON

The different qualitative and quantitative
net hods enployed until 1977-78 for the detection of 5-
oxoproline have been well described by Robert Edwards
(6) . These and sone of the recently devel oped nmethods
wi | | be briefly discussed here in four di fferent

cat egori es,

1 Colorinetric nmethods: colorinetric studies were nade

by several workers. Rankrishna and Krishnaswany (31)
separated 5-oxoproline from urine extracts by paper
chr omat ogr apy. Then by the application of hydroxyl am ne
hydrochl oride, the 5-oxoproline was converted to Y -
gl ut anyl hydr oxanat e, whi ch coul d be detected by the
application of ferric chloride. The ferric chloride-
hydroxam ¢ acid conpl ex was neasured colorimetrically at
535 nm after elution fromthe chromat ogram

For the quantitative estimation of 5-oxoproline
Lin, et al (32) devel oped a technique which was simlar
to the one enployed by Rydon and Smth (33) , In this
technique 5-oxoproline is bromnated using bromne in
agueous acetic acid; then the unreacted bromne is

extracted into chloroformand the N brono-5-oxoproline
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Is mxed wth a solution of potassiumiodide. Hydroiodic
acid (H) forned in the solution from the potassium
iodide is oxidized to iodine (1,) and Nbrono-5-
oxoproline reduced to 5-oxoproline. The yel | ow sol ution
resulting from the iodine fornmed 1is nmeasur ed
spectrophotonetrically at 400 nm By this nmethod a
linear standard curve in the range of only 1 to 8 mM
could be produced. Thus this nmethod was not sensitive
enough for determnations in biological fluids.

Robert Edwards (6) enployed the triiodide assay

procedure. This nethod involved a series of steps (shown

infig. 6) | eading to the formation of a characteristic
yel lowcolored triiodide ion, which was  neasured
spectrophotonetrically at 390 = 393 nm M cr onol ar

quantities of 5-oxoproline could be detected by this
nmethod but in practice it involved too many interfering
substances and an average tinme of 65 mnutes for each

assay.

2 Chromat ogr aphi ¢ _net hods: gas chromat ography was
enpl oyed by Wilk and Orlowski (34) for the deterninéiion
of 5-oxoproline in serumand cerebrospinal fluid. 5-
xoproline was determned as an esterified derivative
after reaction w th pent af | uor opr opanol in
pent af | uor opr opi oni ¢ anhydri de.

Rydon and Smth (33) in 1952 enployed paper

chromat ographic nethods for detection of peptides and
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amno acids by the ultimate formation of a starch iodine
conplex. In this technique, peptides and am no acids are
N-chlorinated with chlorine gas and sprayed with a
solution of 1% starch = 1% potassium iodide after
sufficient aeration. By this the N-chloro derivative
oxidizes the iodide to iodine and ultimately the starch
I's conpl exed to produce a bl ue-bl ack col or.

A simlar technique was used by Mazur et al (35),
and Schwartz and Pal | anch (36), but these people used
tertiary butyl hypochlorite as a chlorinating agent. Pan
and Dutcher (37) reported the use of sodi um hypochlorite
as a chlorinating agent.

A gas-liquid chromat ographi c method was devel oped
by Polgar and Meister (38). A D-glutamate cycl otransferase
preparation obtained fromrat kidney was enpl oyed for the
enzymc cyclization of D-glutamc acid, and then 5-
oxoproline was converted to the corresponding nethyl
ester and determ ned quantitatively.

Heidiger et al (39) also enployed the gas
chr omat ogr aphi c nethod for the determnation of
asparagi ne, glutamne and pyrrolidonecarboxylic acfa as
TMB derivatives in total enzym c hydrol ysates of peptides
and gl ycopepti des.

Anot her application of gas chromatography in the
eighties was, "Determnation  of 2- Pyrrol i done- 5-
car boxylic and ol -Ketoglutaramic  Acids i n Hunman

Cer ebrospi nal Fluid" as TM5 derivatives by Cooper et al



(40, 41).

Dousin et al (42) devel oped the use of «capillary
colum gas chromatography for the identification and
determ nati on of non-volatile organic acids. The use of
si mul t aneous dual - col umm capi | | ary gas chromat ogr aphy has
been introduced for the identification of netabolites
di agnostic for organic acidurias as TMS derivatives by
Tsai et al (43).

In 1979 Qgura et a1 (44) enployed HPLC for the
determnation of acetic acid, pyroglutamc acid and
al cohol in Soy Sauce. Brechbuhler and Hol i nger (45) used
HPLC for determ nation of organic acids in body fluids.

In the study of flavours and non-alcoholic
beverages Sporns (14) quantified pyroglutamc acid
in food by using HPLC. In 1983 D nal i ne and Reve (46)
enpl oyed rever se- phase hi gh- per f or mance liquid
chr omat ogr aphy to nonitor enzymati c cl eavage of
pyrrolidone carboxylic acid from regulatory peptides.
For nmeasurenent of the urinary aromatic organic acids,
vanil mandelic acid and honovanillic acid, in the
differential diagnosis of neurobl astona, pheochronocyt ona
and related tunors, Binder and Sivorinovsky (47)
used HPLC wth electrochemcal detection. HPLC with a
mul ti-detection systemwas used in 1984 by Todoriki et al
(48) for screening disorders of aromatic acid metabol i sm
A though pyroglutamc acid was not I nvol ved, t he

i nportance of their work lies in the detection system
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used. They wused three single W detectors set at 260,
280, and 320 nmrespectively and confirned the detection
of the particular aromatic acids using retention tines
and peak height ratios.

Anot her LC nethod of interest is by Thanh and Sporns
(49) for the determnation of flavour enhancers and chl ori de
in food. They have reported the detection limt of S5-oxopro-
line in food as 20Mg/mL or 0.155 mM by their method using
refractive index and W/ detection in series.

Buchanan and Thoene (50, 51) wutilized two
colums in series, an Aminex HPX-87H organic acid col um
followed by a 15cm 5J4m C,e analytical colum for
profiling the urinary organic acids.

Alen et al (52) enployed the diode array

det ect or in the investigation of neonatal organic
aciduria by I socratic cati on- exchange l'iquid
chr omat ogr aphy usi ng Aminex HPX- 87H col um. This method -

proved hel pful in tentatively identifying the peaks on an
abnormal chromat ogramwhil e awai ting confirmation by nass
spectrometry. -
Bennett and Bradey (30) , whose qualitative work is
being enployed here (in this research) for t he
quantification of 5-oxoproline, described an isocratic
cati on exchange chronmatographic technique with ultra-
violet detection for the screening of organic acid
di sorders in urine. These workers used 5-oxoproline in

their system and reported a retention tine of 186



m nut es.

A recent nethod for determnation of organic
acids is by Daish and Leonard (53). They used HPLC for
the rapid profiling of plasnma organi c acids. Pl asma and
serum unlike wurine, need a sanple preparation step
because of the excess of protein in them These workers
used Bond Elut SAX (quaternary amine) 28 mL volunme
disposible anion exchange colum (manufactured Dby
Anal ytichemlInternational, Harbor Gty, CA USA for the
sanple preparation. This was then followed by the nornma
HPLC wusing Bio-Rad aminex HPX-87H organic acid colum
(300 x 7.8 mm) protected by a Bio-Rad Aminex HPX-85H
guard cartridge (40 X 4.6 mm) and 5 mM Ha§0 as nobile
phase.

3 Q her nethods: in 1973 Kesner et al (54) devel oped a

titrinetric nethod for the determ nation of total organic
acids in urine by extractionwth organic solvents. This -
I nvol ved a very long process. The netabolic carboxylic
acids were first extracted wtha mxture of equa
vol umes of t-anyl al cohol-chloroformfrom an acidified
sanpl e of urine, that had been adsorbed to a short col um
of silica gel. Then the total acid in the extract was
neasured by titration with tetranethyl - ammoni umhydr oxi de
(10mM) to a phenopht hal ei n endpoi nt.

In 1982 Cachron and Eggernont (55) nade an
| sotachophoretic determnation of relative apparent

mobility (RAM against chloride ion as an estinmate of the
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el ectrophoretic nobility of various ions, i ncl udi ng
pyrogl utam c acid anion. As seen from their results (table 1)
the RAM changes with the change in pHfrom 40 to 6.0 and

then is fairly constant from pH 6.0 to 10.0.



Rel ative Apparent

pyroglutamic acid

6.0

6.5

10.0

TABLE 1
Mobilities (RAM of the anions of
relative to chloride ions (55).
RAM _
39.5
66.1
79.8
80.8
81.4
80.8
80.1
80.8
80.9
80.8

80.8
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4. Conbination Mthods - in this category a conplex

anal yti cal procedure is described, wiich is a
conpi lation of gas liquid chromatography (G.C), nass
spectronetry (MS) and conputer analysis. This nethod was
devel oped by Jellum Stokke and Eldjarn (17), and used
for the multiconponent anal ysis of biological materials.
The gas-1iquid chromatography is used for the separation,
mass spectronetry for the identification and structure
studies and the conputer analysis for data handling. By
the use of this nethod about 40 of the known inborn
errors can be detected. These workers applied this method
for analysis of nore than 700 patients which led to the
di scovery of three newinborn errors of rmetabolism
nmet hyl mal oni c aci duri a, ,g-methylcrotonyl - CoA
car boxyl ase defi ci ency and Pyrogl ut am caci duri a.
A though this nmethod was first started in 1972, even to
date it is the nost refined nethod, Since it is
cunber sonme, time-consum ng and al so requires state of the
art equipnent, it is being used only for confirnmation
pur poses.

Thus, the determ nation of 5-oxoproline cogérs a
wi de range of analytical procedures, where the sinple
ones are not sensitive enough and the conplex ones are
not suitable enough for day to day work in the clinica
| aboratories due to their conplexity, cost and tine

consum ng feat ures.



State of D seased Patients

The studies on the enzyne activities involved in
the Y-glutamyl cycle nade a great contribution to the
know edge of the state of the diseased patients. Sone of
the nost obvious features found in these patients will be
sumari zed here (57, 61, 63)

The first and the nost common feature of these
patients is the change in the acid-base bal ance. A study
of the placenta obtained at delivery of a patient # 1
with 5-oxoprolinuriareveal ed that the aci d-base bal ance
of the patient was normal for 4 hours after birth, but
then she devel oped netabolic acidosis, and by the tine
she reached 20 hours of age, the blood pH decreased to

7.3 The urine contained 26 mM 5 oxo-L-proline. She had
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been nmaintained on a regular oral dose of sodium

bi car bonat e. Jaundi ce had been detected in her between
50 = 70 hours which disappeared by the end of the 1st
week of her life. There was also an increase in
henol ysi s. The placenta of the patient showed nornal
activities of both Y-glutamylcysteine synthetase aqq Y-
gl utanyl cycl otransferase, but the gl utathi one synthetase
activity of the placenta was only about 2 percent of the
nor nal .

Anot her study of the cultured skin fibroblasts of
patient # 2 were nade. The study revealed sonewhat
greater activities for Y-glutamylcysteine synthetase,

Y- glutanyl cyclotransferase and 5-oxoprolinase, but the



gl ut at hi one synthetase activity was found to be |ess than
5 percent of the control's.

Y~Glutamylcysteine synthetase and <Y=glutamyl
cyclotransferase from the erythrocytes of patient # 3
were found to be simlar to that of the control sanpl es,
but there was a narked deficiency of gl ut at hi one
synt het ase.

Thus the enzyne studies indicate a  narked
deficiency of glutathione synthetase in the different
tissues of three patients with 5-oxoprolinuria, which
| eads to a generalized deficiency of glutathione.

Patients # 2 and # 3 were anemc and had an
I ncreased tendency towards henol ysi s. The defi ci ency of
gl utat hione synthetase and thereby gl utathione caused
marked accumnul ation of 5-oxoproline which produces the
characteristic acidosis in 5-oxoprolinuria. Untreated 5-
oxoprolinuria 1is associated with nental retardation and
other central nervous system disturbances.

Pal ekar et al (56) postulates that accumulation
of S5-oxo-L-proline in the blood and tissue contributes to
the toxic phenomena observed in patients suffering‘-fron1
anem a.

Accumul ation of 5-oxoprolinein plasma is found
to be associated with patients suffering fromend stage
renal di sease (54)

5-oxoprolinuria has also been observed in

honocystinuri a (21) in  which, accunul ation  of



honocystei ne, appears to involve 5-oxoproline formation
because honocyst ei ne Is a substrate of Y-
gl ut anyl cyst ei ne synt het ase (57). The primary metabolic
di sorders of honocystinuria are the deficiencies of
cystathione - B-synthase, hﬁi NG - met hyl ene = THF -
reductase and N = nethyl - THF - nmethyl = transferase
and the secondary netabolic disorders of honocystinuria
are Vitamn B,, nal absorption or deficiency together with
net hyl mal onic acid and Vitamn B deficiency (58) .

WIlkin et a1 (59) in their study of
"Hawkinsinuria®™ = a domnantly inhereted defect of
tyrosine netabol i sm have reported the excretion of |arge
quantities of 5-oxoproline by their patients.

Thus, in general 5-oxoprolinuria or pyroglutamc
aciduria is directly or indirectly related to acidosis,
henol ytic anema, end stage renal disease, hepatic coma
(60), honocystinuria, hawkinsinuria, nmental retardation, -
stunted growh and various diseases and disorders of
central nervous systemincludi ng spastic tetrapl agia and
cerebellar ataxia (61). It is assuned that. 5-

oxoprolinuria nay be associated with arthritis (62) .



Normal and Abnornmal Levels of 5-Oxoproline in Humans

Since the discovery of this di sease about one and
one-half decades ago, there have not been nany cases
reported in the literature. However, Mister (15) in his
recent article has reviewed themin detail. A brief
description of these will be dealt with here.

The first patient with 5-oxoprolinuria was
di scovered by Jellumet al (63) in 1970. He was a 19-
year old nmentally-retarded male suffering from spastic
tetraparesis and ataxia. He was of nornal height and
wei ght but had a di aphragmatic hernia for which he was
surgically treated. Post operatively he devel oped |ife-
threatening metabolic acidosis. This condition was
successfully treated with daily infusions containing
pot assi um and bi car bonat e i ons. Later he was nai nt ai ned
on oral sodi um bi carbonate. The patient excreted 24 to
345 g (0.19 to 0.27 nol) of 5-oxoproline per day in his
urine. Wea excretion was 35 to 45 percent of the nornal
value. This urinary 5-oxoproline was identified by thin-
| ayer chromat ography, gas-1iquid chronatography and-mass
spectronetry. The serum contained 5-oxoproline and
anot her glutamc acid derivative which was not
identified. The concentration of 5-oxoprolinein the
cerebrospinal fluid was reported to be 30mg/dL (2.3 mM).

The second patient described in the literature by
Hagenfelt et al (61) in 1974, was a fenmale infant with 5-

oxoprolinuria, who devel oped severe netabolic acidosis on



the third day of her life. Thi s acidosis condition was
kept wunder control by the admnistration of sodium
bi carbonate. Physical examnation at 11 and 14 nont hs of
age reveal ed nornmal wei ght and height for her age. She
| ooked healthy and showed no signs of neurological or
other abnormalities; psychonotor devel opnent was nornal,
This patient excreted 48 to 54 mmol es of 5-oxoproline per
day in her urine. Thi s 5-oxoproline was found to be of
the L configuration by assays done wth L-glutanmate
dehydr ogenase after conversion of 5-oxoproline to
glutamate by acid hydrolysis, The bl ood pl asnma
concentration of 5-oxoproline was 58 mg/dL (4.5 mM). The
| evel s of eC-amino acids in plasma and urine were found
to be normal. The formation of urinary urea increased as
the protein content of the diet was increased, whereas
t he excretion of pyroglutamate somewhat decreased.

A qui ck gl ance at Tabl e 2 contai ning 5- oxoproline
| evel s found in human urine shows a najor discrepancy in:
the reported values of normal urines. Although the val ue
of normal urine fromreference 64 is estinated, it
differs fromthe value of normal urine fromreference 56
to such an extent, that it is indicative of the |ack of

a suitable clinical procedure for its determnation
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Table 2

5-OXOPROLINE LEVELS FOUND |N HUMAN URINE

Total
Source of 5-oxoproline Concentration
(DL form)
Patient #1 urine (63) 240 mmol/day
Patient #2 urine (61) 50 mmol/day

Normal urine estimated (64) 3.9-39 AL mol/day

Patient #3 urine (61) 210 mmol/1.73m _
body surface

Patient #4 urine (65) 30-35 g/hour
Normal urine (56) 80-430 Amol/day
Patient #5 urine (59) 20 mmol/m mole of

creatinine



These normal values of 5-oxoproline are also
dependent on various factors. It has been denonstrated
by berhol zer et al (66) that patients being fed on low-
| actose food "Nutramigen" showed increased plasma and
urine levels of pyroglutamc acid. Thus, diet plays an
inportant role in urinary |level of 5-oxoproline. Thanh
and Sporns (49) in their study of flavour enhancers and
chloride in food have determned the concentration of

pyroglutamc acid in sone of the foods, which are shown

in table 3
Tabl e 3
Pyrogl utam c acid
S No. Food concentration in
mg/100g
1 Tomat 0 Soup (canned) 53
2 Beef Consomre (canned) 46 .
3 Pot at o Chi ps 218
4 Japanese rest aurant soup

(m so- seat angel soup) 59
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CHAPTER 111

MATER ALS AND APPARATUS

SOLVENTS AND REACENTS

The main solvent used was 8 mM sulfuric acid.
The cleaning and/or regeneration solvent was 40%
acetonitrile in 05 N sulfuric acid. The cl eaning
sol vents used occasionally for the flowcell were nethyl
al cohol, acetone, chlorof ormand cycl ohexane. Al these
were HPLC grade and purchased from Fi sher scientific (0.,
Pi ttsburgh, PA

Water used was either glass-distilled = deionized
or double deionized and then passed through a charcoal

colum to renobve organics.

ORGANI C AA DS

The organic acids used in this experinment were
citric acid (J.T. Baker Chemcal G., Phillipsburg, N.J.),
L-ascorbic acid, nalic acid, quinic acid, L-pyroglutamc
acid, pyrrol e-2-carboxylic acid and biotin (S gma Chem cal
., &. Louis, M) nmalonic acid, pyruvic acid sodi um
salt, par a- arni nobenzoic acid and phenylacetic acid

(Eastman Kodak (., Rochester, NY).
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APPARATUS (R EQUI PMENT
The equi prent used in this work was as foll ows:

1 A tex nodel 110A H gh Pressure punp (Anspec,
Ann Arbor, M).

2 Bio-Rad Aminex Cati on Exchange HPX-87H col um
(300 x 7.8 mm) protected by a 5 cmguard colum also
contai ni ng HPX-87H resi n which is 8%cross-linked and 9um
in particle dianeter (Bio-Rad Laboratories, R chnond, CA).

3. H t achi nodel 100- 10 UV/Visible
spectrophotonetric detector, distributed by Beckman
I nstrunents, Fullerton, CA

4, Linear Instrunents strip chart recorder which
is fed in with Sargent Wlch cat. #1010-1 graph paper and
|ater Sargent Welch nodel -XKR strip chart recorder with
cat. #72101 chart paper. A schematic diagram of the
experinental set up is shown in fig. 7 _

Centrifugations were done with a Sorvall acG1
Centrifuge (Dupont-Sorvall, W | m ngt on, DE) . The
filtration and degassing apparatus and the filter were
fromMIIlipore Corp. Bedford, NA -

The pH nmeasurenents were nade on a Sargent-\Wl ch
nodel IP pH meter using a Sargent/Jena conbination
el ectrode nodel S-30070-10 (Sargent-Welch Scientific .,
Skokie, IL). Absorbance neasurenents were nade on a
Beckman DU 7 recording spectrophotoneter (Beckman

Instruments, Fullerton, CA).






EXPER MENTAL SAMPLES

The urine sanples used in this experinent were
provided by Or. KimCarter of S. Hizabeth Hospital,
Youngstown, from two patients with creatinine clearance
problens. M. Helen Berry (Metabolic Research Laboratory,
Children's Hospital Medical Center, G ncinnati, OH)
provi ded urine sanple froma homocystinuric patient and a
3- hydroxy- 3-nethyl glutaryl coa |yase deficient patient.
Anot her honosystinuric urine sanple was provided by Ruth
Korenchan (Special Chem stry Laboratory, Rainbow Babies
and Childrens Hospital, develand, Y.
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CHAPTER | V

EXPER VENTAL

PREPARATI ON CE THE SCLVENT

The solvent wused in this experinent was 8 mM
sul furic acid. It was prepared by taking 0.46 mL conc.
sulfuric acid (nmolarity 17275 M in a 1000 mL volunetric
flask and bringing it up to the mark with either glass
distilied, deionized or double deionized water. It was
then filtered and degassed sinultaneously using the
MIlipore Filtration and degassi ng apparatus. The filter

used was 0.224m average pore size of 47 nm di aneter.

PREPARATI ON CF SCLUTI ONS AND STANDARD

The different organic acid solutions mnade were
about 15 ngy per 50 mL of 8 mM sulfuric acid. The 9.22 mM->
5-oxoproline standard was prepared by taking 0.0595 g
solid 5-oxoproline in a 50 mL volunetric flask and
bringing it up to the mark with 8 mM sulfuric acid. "~ This
stock standard was further diluted 1:10, 1:15, 1:20, 1:40
and 1:80 with 8 mM sulfuric acid and used for preparing

the calibration curve.
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PREPARATI ON OF SAMWPLES

The test sanples used in this procedure were
aliquots of urine fromnornmal and di seased patients. These
were stored at -20 C and thawed ri ght before the analysis.
About 2-5 mL of the thawed urine was centrifuged for 10
mnutes at 5000 RP M, and the supernatant was filtered
through a 0.22M4m mllipore filter. A vol une of 20ML of

this filtered sanple was injected directly onto the

col um.
HPLC
The HPLC was done at room tenperature. The
solvent (8 mM sulfuric acid, pH 20). Fl ow rate was set

at L0 mL/min. The sensitivity of the W detector, which
was set at a wavelength of 210 nmwas 0-0.5 AUFS full
scal e deflection. Recorder chart speed was 1.0 cm/min.
A 20 AL full volune injection loop was used and a
constant volune (204 L) of the urine sanple was injected
and peak height of the wunknown was read from' the
chr omat ogr am obt ai ned. The concentration of the unknown
corresponding to the peak height was interpolated from

the calibration curve.
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CHAPTER V

RESULTS AND DI SCUSSI ON

uv SPECTRUM CF THE SOLVENT

The solvent, which was 8 mM sulfuric acid, was
scanned in the ultra-violet from230 to 190 nm agai nst a
water blank using the Beckman DU-7 ultra-violet/visible
spect r ophonet er. The scanni ng speed was 600 nm/min and
t he absorbance full scale was set fromo0 to 20 AUS

The spectrum presented in fig. 8 shows that there
is no significant absorbance of 8 mM sulfuric acid in
this region. However, the regi on between 205 and 195 nm
can tentatively be marked as the peak absorbance range.
At 210 nm which was the wavelength used in this
experinment sulfuric acid showed an absorbance of 0.0361,
which was then adjusted to zero baseline on the W

detector used in conjunction with the HPLC

W SPECTRUM CF 5- OXCPRCLI NE

A solution of 0.22 mM 5-oxoproline in 8 mM
sulfuric acid was scanned in the ultra-violet from230 to
190 nm agai nst 8 mM sulfuric acid as reference using the
Beckman DU- 7 ultra-viol et spectrophoneter. The scanni ng
speed was 600 nm/min and the absorbance was set at a full

scale range of 0 to 2000 AUFS.
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The spectrum as shown in fig. 9 shows an
absorption nmaxima at 196 nm which agrees wth the
literature value (6). This absorbance of 1.85

corresponds to the nolar absorptivity of 8.41 X 103 m'

ch\ . The peak then gradually tapers down to zero at
about 250 nm Thus 5-oxoproline shows the characteristic
feature of its internal anmde bond which is known to
absorb in the low UV region- A though the absorption
mxima is at 196 nm we choose 210 nmin this experinment
because the instrunment used here i.e., Htachi nodel 100-
10A uv/visible spectrophot oneter covers range of 200 to
380 + 7 nm

At 210 nmthe absorbance of 0.5091 corresponds to

a nolar absorptivity of 231 x 10° i cnt

VASS SPECTRUM CE 5- OXCPROLI NE

The chem cal ionization mass spectrumof a 10 Ag
sanple of solid 5-oxoproline was determ ned, by
introducing it into the direct probe inlet on the
Finnigen MAT nodel #1020B nass spectroneter. B

The reagent gas which was nethane was at a
pressure of 04 torr and the energy of the ionizing
el ectrons was 70 «v. The sanpl e probe was heated from 50
to 350 C at 126)C/min. The nass spectrumwas scanned
every 2 seconds from mass 45 to 200 aMu.

The spectrumshown in fig. 10 is an average of 35

such scans and is normalized to nass 130 to 100% The



ot her maj or observabl e peaks are of mass nunbers 84, 158
and 170. As expected the origin of nass 130 peak is due
to M + H (129 + 1) where Mrepresents the 5-oxoproline
nol ecule, nass 84 peak is due to Mmnus HQ (129-45),
nmass 158 peak is due to M+ C H. (129 + 29) and nass 170
peak is due to M+ C,H. (129 + A41). For further
information refer to reference (67).

Both Jellumet al (63) and Tham et al (70) have
reported on the nass spectrumof the nethyl ester of 5-
oxoproline obtained froma gas chronatographic peak in
urine as well as an authentic sanple. The mass 84 peak
whi ch was found by them supports the nass 84 peak found

by chem cal ionization mass spectronetry.
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STANDARD CURVE ECR 5-OXOPROLINE

The standard curve for 5-oxoproline was obtai ned
by plotting the peak height in mm (i.e., absorbance)
agai nst the amount of - 5-oxoproline injected (i.e.,
concentration) for different solutions of S-oxoproline in
8 mM sul furic acid. These different solutions were made
from time to tine fromthe 922 mM stock 5-oxoproline,
whi ch was stored at 0 C

The curve as shown in fig. 12 represents a
typical Beer's Law plot, The linearity extended fromo to

20 nnol es per 204 L injected.

Tabl e 4

Data for the calibration curve of 5-oxoproline

D lution Amount of 5-oxoproline Peak hei ght
(n nol es) (mm)
1:10 18.4 28.0
1:15 12.2 19.0
1:20 9.2 14.0
1:40 4.6 7.0

1:80 2.3 3.0
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REPRODUCI BI LI TY GF STANDARD CURVE CF
_ 5=0XOPROLINE

The reproducibility of standard curves of 5-
oxoproline is shown in fig. 12, As seen in fig. 12, the
curves (represented 0 = A A&A=B, e+« =Cand ¢ = D
obtained at four different-occasions are being conpared.
Curves A and C are an exact copy of the other, but curves
B and D show a slight wvariation. However , t he
difference in the peak height for any concentration is
not nore than 2% The sol utions used for obtaining the
curves A and C had common concentrations of 5-oxoproline.
The solutions wused for obtaining curves Band D were
nade separately and hence had slightly different
concentrati ons.

Thus in general the reproducibility of the curves
being 98% and the difference in absorbance of any
concentration being not nore than 2% proves that the
curves are workabl e, practically identical and

repr oduci bl e.

RETENTI ON DATA

Table 5 lists the retention times for the
di fferent organic acids used in this study, and
nonitored at a wavel ength of 210 nm Fromthe data it
can be seen that the retention tines of nost of the
organic acids are intherange of 5 to 35 mn. The

retention tinmes of 3-phenylpropionic acid, iso-vanillic



acid and cacodylic acid are too long. Phenyl acetic acid
and pyrrol e-2-carboxylic acid did not produce any peaks.
(Thus, in general this technique is not practical enough
for the organic acids with too short or too long
retention times). The phenolic non-amno acids have
excesively long retention tinmes, and the amno acids are
retained on the guard colum because of their positive
charge at pH 20

These retention times are conparable to the
literature values (30, 53) and the pattern of elution is
also the sane. The lower retention times obtained in
this experinment can be attributed to the faster sol vent
flow rate of L0 mL/min used here rather than 0.7 mL/min
used by Buchanan and Thoene (30) and Allen et al (53) and
also due to the difference in the zero-dead volunes
i nvol ved in the experinmental set up.

Al though the ¥’ values of 244 (30) and 250 for
5-oxoproline in the experinent are close, there is a
naj or discrepancy in the retentiontine for 3-phenyl
propionic acid, whichis 68 mn in this experinent when
conpared to 39 mnutes (30). Daish and Leonard (50) al so
found a di screpancy for isoval erate between their HPX-87H

colum and the one used by Bennett and Brady (30) .

52
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Tabl e 5

Retention Data of Organic Acids on

Bio-Rad HPX-87H column

At 210 nm; Flow Rate = 1.0 mL/min.

Organic Acid Ret enti on
T tinme (mn.)

Citric Acid 4.8
Malic Acid 5.2
Pyruvic Acid 5.6
Ascorbic Acid 5.8
Maleic Acid 6.0
Quinic Acid 6.2
Mal onic Acid 6.4
Succinic Acid 7.2
Uric Acid 10.6
Pyroglutam c Acid (5-oxoproline) 12.6
Biotin 35.8
3- Phenyl propionic Acid 68.0 --
I sovanillic Acid 91.0
Cacodylic Acid 100.0

Phenyl acetic Acid

Pyrrol e- 2- Carboxylic Acid -
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PRECI SION OF METHOD

To estimate the between batch precision of the
colum retention repeated periodic injections (over a
period of 9 nonths) of 5-oxoproline were nade. The mean

retention tinme (n = 50) was 12.59 (s D =t£0.02) mn.

CONFI RVATI ON CE BEAK | DENTI FI CATI ON

The nean retention tine of 12.59 (S D =:0.02) mn
was used for the peak identification, but for
confirmation of the peak, the chronatogramwas obtained
at two different wavel engths (205 and 210 nn) for the pure
conpound and the unknown and the peak height ratios
conpar ed.

The mean (n = 10) peak height ratio of the pure
conpound was 2.14; S D= 0 and that for the unknown was
20, S D=0. This difference of 0.14 mean peak hei ght
ratio may be due to a trace anmount of another conpound
that absorbs nmore at 210 nmthan 5-oxoproline and co-

elutes at 126 mn.

RECOVERY OF 5-OXOPROLINE

To estimate the recovery of 5-oxoproline nornma
urine was spiked with five different anmounts of pure 5-
oxopr ol i ne. 20441 of urine which had no 5-oxoproline in
it was taken and spiked with 18.4, 12.2, 9.2, 46 and 23

nnol es of 5-oxoproline each time and chronat ographed.



It was found that the recovery was a 100% (n = 3) in al

the five cases. The results were as expected because in
this experinmental procedure, i.e., HPLC, thereis no
sanpl e extraction or derivatization which would ot herw se

be responsible for any loss in the sanple.

Table 6
RECOVERY EXPERI MENT (n = 3B
5-0OXOPROLINE 5-0XOPROLINE % RELATI VE
ADDED (nmo1les) FOUND ( nnol es) RECOVERY
18.4 18.4 100
12.2 12.2 100
9.2 9.2 100"

4.6 0 4.6 100
2.3 2.3 100



CLI N CAL STUD ES

Ainical studies were nade on the wurines from
five different patients. The chronatograns obtai ned are
shown in fig. 13 to 19

The chromatograns of the two honocystinuric
urines from patient # 9 and patient # 6 were found to
contai n 5-oxoproline. The 5-oxoproline concentration was
0.825 mM in patient # 9 (the peak height of 25 nMm from
the chromatogram shows a value of 16.5 nmol per 20 4L L
on the calibration curve. This 16.5 nnole per 20 AL is
equal to 0.825 mM) and 0.51 mM in patient # 6. Patient #
9's creatinine level was 0.87 mg/mL or 7.7 mM. The ratio
of moles of 5-oxoproline to noles of <creatinine is
0.825/7.7 x 10 ° or 107.  This conpares favorably to a
val ue of 120 found by Stokke et. a1l (69) in the urine of a
12 year-old boy wth honocystinuria who had been
receiving pyridoxine treatnents for four nonths. Patient
# 9 is also being treated for honocysti nuri a.
Honocystinuria is a human genetic disease and is caused
by a defect iin the enzyme = cystathione B-synthetase.
The defect or deficiency of this enzyme causes the
accurmul ation of honocystei ne, which would otherw se be
converted to cystathionine. This excess of homocysteine,
whi ch causes honocystinuria is associated with 5-
oxoprolinuri a. The possibility of 5-oxoprolinuria in
honocystinuria can be explained by the formation of Y-

glutamyl honocysteine from excess of honocysteine and
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glutathione by the action of Y-glutamyl transpeptidase
and then further conversion of Y-glutamyl honocysteine to
5-oxoproline by the action of Y-=glutamylcyclotranferase.
Thus the production of 5-oxoproline exceeds the capacity
of the enzynme 5-oxoprolinase to formL-glutamate, which
results in 5-oxoprolinuria (21).

The deamni nation of honocysteine forns e¢-keto - ¥
t hi obut yr at e. Hence, there is a possibility of finding
this i n the honocysteinuric urines. The ot her organic
acids found in patient # 6 were citric acid and ascorbic
acid and in patient # 9, in additionto citric acid and
ascorbic acid, nalic acid and succinic acid were also
found. (1) The work done by Buchanon and Thoene (51) on
the urines of patients with generalized am noaciduria,
organic aciduria due to renal tubular defect and nethyl-
mal oni ¢ aciduria, however, does not show the presence of
any 5-oxoproline.

The urine from patient (10), wth 3-hydroxy- 3-
met hyl gl utaryl coa |yase deficiency showed no trace of
5- oxoprol i ne. The chromatogram is shown in fig. 19,
Hydroxy methyl glutaryl-CoAlyase is responsible fors—the
conver si on of 3- hydr oxy- 3- et hyl gl ut aryl - CoA to
acetoacetate and acetyl coa. 3-Hydroxy- 3-nethyglutaryl
CoA is an inportant intermediate in cholestrol
bi osynt hesi s.

The urines of patients # 7 and # 8 fromthe &.

El i zabeth's Hospital were chronmatographed and are shown



infig. 15 and 16. They showed the peaks of the nornal
constituents of wurine - citric acid, ascorbic acid,
succinic acid, wuric acid and malic acid. Both the
patients had creatinine clearance problems,but only
patient # 7 had 0.33 mM 5-oxoproline; there was no 5-
oxoproline found in the chromatogramof patient # 8
These patients #7 and §3 had sone abnornmal peaks al so

whi ch were not identified in this experinent.
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CHAPTER VI

CONCLUSI ONS

This thesis has described a sinple procedure for
the quantitative determ nation of 5-oxoproline. A review
of the literature shows that since the discovery of this
di sease - "5-oxoprolinuria or pyroglutamc aciduria® in
1970, much work has been done for its detection
Although a variety of techniques ranging from sinple
chromatography to refined instrunmentation and conputer
analysis were enployed, there seens to be an unusua
| nportance given to chromatography even in the primtive
st ages. The result of these nunerous attenpts and
nodi fi cations have led to the evolution of HPLC net hods.

Thus by this sinple technique of HPLC an anount
as low as 20 nnoles of 5-oxoproline can be determ ned
easily, which is practical enough for use in clincial
| abs. But for quantification of even |esser anounts,_
i.e., in the picomole range, derivatization of 5-
oxoproline wth 4-bromomethyl-6,7-dimethoxy coumarinis a
very sensitive nmethod (65). B

The sensitivity of this nethod can be inproved by
the use of a better detector. The W/-detector used in
this experinent, i.e., Hitachi nodel 100-10 i s supposed t o
be the least sensitive one. The problens of a drifting
base line and zero adjustnents limted the use of a

hi gher sensitive range. Hence we could work wth an

absor bance range of 0-0.5 AUFS only. This problemcan be
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overcone by the use of Htachi nodel 100-20 or 100-40 or
any conparabl e uv Spectrophonetric detectors.

For further inprovenent of sensitivity in this
nmet hod, ot her nore sophisticated and noder ni zed
instrunents specially conputerized ones like the |BM
LC/9533 could be wused. Wth the choice of t he
instruments this nethod woul d be very easy and hel pful in
day-t o- day wor k.

One of the nost inportant steps in the treatnent
of a disease is the diagnosis. The diagnosis can be done
only when sufficient know edge of the disease is
obt ai ned, i.e., nor nal val ues  of metabolite
concentrations in different body fluids, nmale vs fenale
val ues; those of child vs adult; the geographical
occurence of the disease and its inter-relationship wth
ot her di seases.

Sonme  of the diseases inter-related wth-
5-oxoprolinuria are honocystinuria, hawki nsi nuri a,
arthritis, hyperoxaluria, end stage renal disease etc.
Cyst at hi one - =B-synthase deficiency is characterized by
t he presence of bot h hyper et hi oni nem a and
honocysti nuri a, consi st ent with a defect in the
conversi on of honocystei ne to cystathionine. The el evated
| evel s of honocysteine lead to an increase in resynthesis
of nethonine by renethyl ation. The clinical synptons
I nclude nental retardation, osteoporosis and a

characteristic eye defect known as ectopia lentis or



di slocation of the Iens. The other Iless comonly
observed clinical signs are nyopia, scoliosis and other
skel et al probl ens. Sonetines retinal det achenent,
cataracts, spasticity, and psychiatric disturbances are
al so found (69).

Postnortem examnation on a honocystinuric
patient revealed the existence of w despread fibrous
thickening of the intima of arterial walls and increased
amounts of collagen in the nedia. Hence, it is suggested
that the normal collagen netabolismis disturbed by the
excess of honocysteine and its interferance wwth cross-
| i nki ng.

Hawki nsi nuria, which is caused By a defect in

tyrosine netabolism is a domnantly inherited genetic

def ect . There 1is an excess accumulation of a toxic
nmetabolite "Hawkinsin". A serious clinical effect 'S
supposed to occur I n heterozygotes. Excretion of

ket ones, netabolites of tyrosine and L-pyroglutamc acid
are associated with it (59).

The =role of glutathione in rheumatoid artliritis
IS not yet understood (62). However , since 5-
oxoprolinuria is an inborn error of gl ut at hi one
net abolism there may be an inter-rel ationship between 5-
oxoprolinuria and rheumatoid arthritis.

In conclusion, thereis areal need of further
research of this disorder. To determne a nornmal range

for 5-oxoproline in the urine of healthy adults, 100

68



urines from healthy volunteers on a

shoul d be anal yzed.

st andar di zed

di et
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