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;B.BSTRACT E ' =
PAR'I‘ I
The red Jaffe reaction product was 1solated A yellow
creatln}ne ‘Picrate salt and an orange compound containing
two molecules of .creatinine per picric acid molecu'e were
also isolated. Spectrophotometrlc pH.titration and polar-
ographic 1nvestlgat10n of the Jaffe reaction was undertaken
»

Hydantoin waS‘shown to react similar to creatinine, while the

5,5-dimethylhydantoin. was inactive. The methylene anion of

‘creatinine is proposed to attack the meta position of picric

acid, resulting in the formation of a nitro anion. A reaction . ..

structure for the Jaffe chromogen is proposed

PART II

i

A selective and hlghly sensitive anerse polarogra

method for the determination ot creatlnlne has been developed
1nvolv1ng the measurement’ of dlsappearanCe of diffusion
current for the‘plcrle acid wave (El/E ='—O.50l } when
Creatinine is added. Creatinine levels of 0-5 Hg/ml can be
measured accurately;

Investigation of 3,5-dinitrobenzoic acid and 3,5~dini-
trosalicylic acid revealed the latuer to be more feactive and

useful for the inverse polarographic determination of

creatinine at levels of 0 - 30 pg/ml.

ii
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PART I -~

A STUDY OF THE MECHANISM OF

THE JAFFE REACTION
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CHAPTER 1

: INTRODUCTION

The reaction of creatinine with alkaline picrate,
. =N g
commonly known as the Jaffe reaction (1), is widely employed

in clinical chemistry laboratories as a routine ‘screening

for the evaluation of kidney functioh.

The metabolic originyg?\eifatinine is shown in Fig. 1.

o

NH, -
HN=C . )
NH O , '
Sh THANSAMIDINASE NH,
- Ha *HN'C
CH, ‘T\ HNC Hy- COOH
- H’NCH yCOOH GLYCO CYAMINE
°H:  GLYCINE ORNITHINE \
CHNH, ‘u . " ATP wCH,
, |
AHCG?':.)'::E ! METHYLFERASE
S~-ADENOSYL T -
' HOMOCYSTE|IN - DP
) H 'o X NH-.P . .
7/N—C  NONENZYMATIC ’ o
HN=C\ ] o . HN=C
: N—CH, ' / _ NCH, COOH
¥
CH " H,0 + P; o CH,
cnsmmms : . CREATINE~P

Fig. 1. "The Metabollc Orlgln of Creatinine.
Isotope technlques have conflrmed that glycine,
‘aréinlne and methlonlne are directly involved in the formatlon

of creatlnlne. A transamldlnatlon from grginine to glycine
fg;mb guanidoacetic acid (glycocyamine). In vitro experlﬁents
have shown'this to' occur in the kidney, but not in the liver -
or in heart, muscle. . Methylatlon of the glycocyamlne in the

1iver is accompllshed W1th "actlve methionine as the methyl

1



is present in musc

donor. The methylation of glycocyamine is not reversible.

Cantoni and Vignos (2) studied the enzymatic mechanism for

the methylation of glycocyamine to form cregtine. The -

- formation of active methionine was found tJlrequireATP, S

magnesium ions, glutathione (GSHj, and a methionine-activating ,
enzyme. The methylation of guanfdoacetic acid is catalyzed

by guanidoagetate methyltransferase. uThé giutathione is
» a : ) . .
required for optimal activity of this enzyme. The creatine
T “J

ain, and blood as both phosphocreatine

and in the free state. [Creatihine is. formed by an irreversible

and nonenzymatic removal of water from creatine phosphate.

The creatinine is eliminated via the kidneys and increased

3

levels of creatinine in the bloodstream generally indicate
. Y

. ) : N L . :
" kidney malfunction. The determination of creatinine by the

Jaffe reaction has gained wide acceptanée“since Folin (3#6)

intﬁgduced the colorimetric method for qugntification oﬁ

cre;tinine. Modified methods basea én the Jaffé'reacFion

have been and are still widely employed for -the determination
p ‘ ' K

of creatinine (Table I).

The Jaffe reaction is plagued by numerous intéffering
substances which réas with the alkaline picrate reagent.
; .
The following substanies have been reported to interfere in

the Jaffe reaction: _acetoacetic acid (29,57-62), acetone

4
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(1,29,57,63), acetylacetone £6H), adrenalin (65),'am}no_
hippurate (66), ascorbic acid (67), diacetic acid (68,69),

ethyl acetoacetate (59, 64,70}, furfurol (64), glucose (1,71-78),
glutathlone (65), glycocyamidine (59,60,77-81), glycocyamine
(77), histidine (65), hydaetoin (59, 60,81,82), hydro*ylamine
(64), levulinic acid (60,64}, ﬁethylhydantoin (59,81,83),
protein (66,76,84-86), éyruvic acid (62,64,8&,87,88)? resorcinol
89), tryptophan (65). Ferro-Luzzi .and researchers (65) have
reported tryptophan‘and ﬁistidine‘td interfere in the Jaffé
reaction,. while other aethors have conciu@ed that tryptophan
(64,90,91) and histidine (6&,90,92),do not interfele.
Photometric estimations by Schormﬁller and Mohr (64) have
concluded that histidine is practically Jaffe negative:
Some_authorsAheGe concluded that tempereture and”tiﬁe‘effects
'Jaffé'positive,or negative results.(1,59,60,6h,82,93,94).
Substances like adrenalin; ascorbic aeid, diketopiperaﬁine,
dimethylguanidine hydrochloride,;éluCOSe guenidine'cerbonate;

)

and hlstldlne have been shown to 1nfluence the k1net1és of
the.;eactlon (95-98). Histidine and~guan1nelhave been shown
to inﬁibit the Jaffd reaction (89, 95) while glycylglyc1ne
anhydrlde was shown-to enhance the reaction (89)

activating effect of adrenalin and ascorbic acid and the-r

inhibiting effect of hlstldlne and glucose were thoroughly

O
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£9V9Stigated by Richter and researchers (96-102).

-

In 1936, three groups of researchers (81,103,104)
published methods on the determination of\creatinine with
alkaline 3,5-dinitrobenzoate. Modifications and improbemeets
of this colorimetric determination were made by Andes (105),
Franceschi (106), and by Jansen and researchers (107). Many
researchers claimed that-3,5—dinitrobenzoic acid was more
specific for creatinine.l The work of Langley and Evans (104)
shOWed'e close cerrelation;ﬁetween the results of the alkaline
'3,5—einitrobenzoate reaction and the Jaffe'reaction after
adsorption oflcreatinine-upon Lloyd's reageet AJthouge some
researchers found the alkaline 3,5- dlnltrobenzoate useful
(108), others found it less suitable than picric acid. TLow
reactivity and color instabi;ity were disadvantages of the ;.
valkaline-3,5-dinitrobenzeate reaction with creatinine (64).

The rollewiﬁg nitro substituted aromatic compounds have
been shown to give a_color reactiOn with creatinine:l‘l,3,5—
trinitrobenzene (109), 2,4,6-trinitrotoluene (109}, 2,4,6-
trinitrobenzoic acid (109), 3, 5 dlnltrobenzene—sulronate (110),
and 2,24 4 tetranltroblphenyl (111). Polarographic evidence
reveals that creatinine also reacts with 3, 5~dinitroealicylic
acid (See PART IX, this Dissertation) and with m-dinitro-

benzene.



— " 8
~ Alternate methods haye beeﬁ developed for the

dé;e%génation of. creatinine. One sugh method is the con-

version of creatinine to methylgﬁanidi;e by o-nitrobenz-

: , , e

aldehyde,_fq}lowed by‘the Sakaguchi reaction (112-115):

The methodﬁis highly ﬁxﬁ;ific, bgt too'complicéted for
routine work (113). ﬁ%iilivaland Irreverre (116) introduced
"a method which uses i,4—naphtthuinone—2—potassium sulfonate

to determine creatinine. Cooper and Biggs (113) concluded
that this method gave spuriouslf high results. ‘Stelgens ané
researchers (11?)”presented a method based on the reaction of
creatinine with mercury thinyanate, followed by mercury
quéntificatibn with dithizone. Norma1 va1ues of.O.? ﬁg %
were ;eﬁorted using the mercury thioéyanate method (118).
A turbidimetric meﬁhod, by Barclay aﬂé Kenney (71), claimed
high specificity employing a modified Nessler's reageﬁt. A
quantitative paper chrﬁﬁatography méthod has been reparted
by Paumgartner and researchers (119).
Fermentative‘deétruction of creatinine was reported
by Linneweh (lzb)rin 1930. He concluded that putrefactive
bacteria decompﬁse creatihine.to'methy;hydantoin with the
elimination of NH3 and then, by'prolonged'pﬁtrefaction to-
sarcosine. Simola (121) found that live’ and kidney extracts

L

of dogs and cattle did not contain creatinasé. Miller and



'

Dubos (122) isolated several species of bacteria capable’

of decomposing-creatinine. Their further work on determining
~ \'\"\__1 .
creatinine by a specific. enzymatic method (123,124) put an.

-

end to the.cohtrOVersy over Ehe existence of creatinine in
human blood. Other methods for determining creatinine using
cultured soil bacterla have been published (125 126)

i q
Pseudomonasg stutZerl (127) Pseudomonas rogueforti (128),

Escherichia sarc051nogenum (129), and Pseudomonas aeuginosa

. *
(130) have been shown to assimilate creatinine. Recently,

Wahlefeld and reseerchere (131) used the enzyme creatinine
amidohydrolase in the determieetion of creatinine by difference
of the Jaffe color (measured at 546 nm) produced befure and
after enzyme actlon .at pH 7.5-9 and 37 c.

Amniotic flu1& creatinine levels have‘ﬁeen used to
evaluate fetal maturity. Mischel {132) found a mean creatinine
. Yalue 9?15.M9~mg % for ove£?200 human amniotig fluid samples
.which were examined after rupture of .the membranes. Pitkin
aﬁd éwierek (133) examined both single tests and serial céses
of amnlotlc fluid creatlnlne concentratlons during the last
helf of pregnancy.. In 94% of the cases , an abrupt rise of
more than 2 mg % was observed after 37 weeks: They suggested
that creatinine'deﬁerminaeions might be useful for estimating

fetal maturity. 'Some researchers have confirmed these
-
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findings,_(l3ﬂ;l36) while others have considered amniotic

fluid creatinine an unreliable index of fetal maturit}i(l3?)
Chapman (138) reported that the\red color formed durlng
the Jaffe reactlon is due tp the sodium salts of plcramlc ;

(P

acid (monoamln}dlnltrophenol) and dlamlno—nltrophenol

$reenwald and Gross (139) concluded that such an explanation
7

was 1nherently 1mprobable They in turn reported a procedure
for isolating.the red product as well as noting that when
heated to 13900, it was transformed into ordinary creatinine

Ll

picrate. They concluded that only one mole of plcrlc acid
appears to be requlred for each mole of creatinine, although
'the reactlon was not complete unless a considerable excess
was present. The color was belleved to be due to a tautomeric

form of Creatlnlne Picrate (140). -The following structure was

'proposed by Greenwald- (140).
v g

NO,

N

N\
\

O--~T

NH——COH

N/

\O




‘ 11
Greenwald (141) went on to hypothesize that ali three nitro
groups of plcrlc aeid undergo a change in the farmation of
the red tautomer - of creatlnlne pPicrate. Greenwald (142)
isolated an orange compound containing 2 molecules ofs
creatinine, 1 of picric acid, 3 6f sodium hydroﬁide énd 3 of -
water. In another publication‘(lu3), he isolated the red
“compound which he'found'to be coméosed‘of 1 molecule of
creatinine, 1 of Picric acid, and 2 of sodium hydroxide.
Weise and Tropp (82) studted numerous othep substances which
react Qith alkaline picrate. They concluded that Jaffe's
reaction for creatinine is a special Fase.of a general
reaction for acti&e‘methylene or methine groups. Anslow and

King (144) isolated the barium salt of the Jaffe reaction

preduct. They proposed the following structure for the red

barium creatinine picrate:

-



"

&

. molecule due to the presence of alkali. He isolated from an

12

In 1930, Greenwald (14%) proposed the following structure
!

for the yellow creatinine Picrate;

Ndz H ) L. 1 |
————1 o4 (o) H CcO
VAR N |
C\J / Cc— T —_—O0— ril c\ -
o} C / o} H N(CH:,)—-CHg

‘NO,

The red tautomer, ¢r iéomer was explained as a result of

formatlon of the enolic form of creatinine. Bollinger f146)
also concluded that enolization takes place in the Creatinine

]

alcoholic medium, an orange-red crystalline compound which

.consisted of one molecule of creatinine, one of picric acid

and two of sodium hydroxide. Ac1d1f1cat10n of the orange- -red
dompound resulted in a red crystalllne compound which turned

orange upon heatlng to 130 C,yellow at 140 C, and melted at

- 206°¢. Greenwald and‘Gross (139) noted similar properties

of the red product. Bollinger (147) isolated four compounds(//
which formed by varying the amounts of sodium hydroxide in an.

alcoholic medium of picrice acid and creatinine. The compounds

con51sted of one molecule of picric ac1d one molecule of

creatlnlne and from two to three and a half molecules of

.
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sodium hydroxide.j ?he compounﬁ wrth}the highest sodium
hydroxide concentratfon was considered.the most_likely to
represent the Jaffe'reaction product l
B Greenwald and Gross (139) had noticed’ that if the Jaffe

=‘react10n was. allowed to stand for 30 or more mlnutes the ff
unchanged plc% ac:Ld coold no longervbe recovered guan-
. . . -
'titatively. Van Pllsum and researchers (1#8) examined the
-Jaffe reactlon at longer reaction tlmes and hlgher temperatures
(30—50 C). They noted the formation of methylguanldlne and
a reduction product of plcrate. Forther evidence waé presented |
by Archibald (149), in a study of changing optimal density
with time at different temperatures.

Abe-(150—152) investiéated.color formatioh of picric
) ac1d and 1,3,5- trlnltrobenzene 1n the presence of sodlum .
hydrox ae. He attrlbutes the red color to be oue to the
'formatlon ofucomplexes such as [trlnltrobenzene OH] Tne
structure of the complex picrate anion OH was reported to be
a Melsenhelmer type (153). The following structure was

attributed to the red chromogen formed by the interaction of °

pPicric acid with sodium hydroxide in weter'(lSE).



- \

' _OH

N O,

- -

L ’ ‘

¢

Since the creatinine molecule contains amine groups,
) . oo . : - - .‘7,. 7‘— '. : " . -
eXamination of possible reactiohs of amine groups with nitro

I

benzene bompounds was reviewed in the literature. . A number
ofptheories on their interaotiOnlhas arisen; a zwitterion

" was postulated by Lewis and Seaborg (154); weak-electron

"

'1nteract10n was proposed by Mlller and Wynne- Jones (155);

J

complete electron transfer was"also postulated (155)- and,

a less l1ke1y posszblllty of transfer of a ring-proton has
. _ T~

also been proposed (156 157) Reactions of 2,4,6—trinitro—
_benzenesulfonate'with amines and hYdroxide ion were invest-

;-1gated by Means and coworkers (158) Charged Meisenheimer—:

14

\tYpe complexes have also been proposed by Buncel and Webb (159)

~ - . »
a ~

Lo ey,
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In, 1955, Kimura (160) investigated the reaction betweenl
pic}ic-agid and active methylene compounds in the presenée
of alkali. Comparison of the chromogens qbserved for the
Jaffé'reaction, the Baljet geaction (picric acid with the
cArdiac glycoside dig;£oxigenin), and the reaction of picric
,aéid with acetone revealed absorption spectra which cldsely~
resémbled one another. For the latter reaction between
Picric acid and acetone in an alkaline medium; Kimura (160)

proposed the principal reaction to be as follows:

OH ' 7/ on N OH’
‘\\.po‘z;l 0\ ! X l Nb
, M kﬁj Ma N\ /NOa [4'] OaNy #NOa
' 4+ c¢H,coch, T—= | © H —_—
[w] < : ‘[o] N :
| " cH,cocH, " CHycocH,
NO, . NO, ‘) NO, '
. L

~

%

He then went on to pPropose "probable structures of the
colored complex anions" for the Jaffe reaction and the Bal jet ,
‘reéction. Kimura proposed théifollowing chemical structure

for the red chromogen of the Jaffe reaction:
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A8

Furthér investigation of égetone with alkaline l;3,5éttini—
 trobenzene by Kohashi et al. (161,;62)'£évealed “he formati&h
///1' of three types of compounds. The three major colormng matters
f were shown to be: a Melsenhelmer type; ‘a blcycllc type, and

a tetracyclic type. The follow1ng structure was att ibuted

to be the bicyclié¢ compound.
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Inyestigation of the product of the reaction between
acetone and alkaline picrate révegzed a similar’ blCYCllC
.type of compound (163)

In 1969, seelig “(164) showeé that spectrophotometric
and ch;omaﬁog;aphic studiés of the Jaffé'réaction product
do not compare with the frequently suggested piéramié acid.
He believed it to be an addition complex of one molecule

-of creatinine and one molecule of picric acid. Seelig’ and

Wist (165) proposed the following structure:

W
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This structure was based on spectrophotometric evidence and

-t

takes into account the labile nature of the red Jaffe
product;rwhich was also observed by brevious-researéhers.
Creatinine va%ags generﬁgly determined by the Jaffe
reaction, have been useful in determining kidpey function,
as a routine scréening and as an indgx of renal Lomograft
rejection (166). Further indication‘of renal function has | -

been obtained by measuring creatinine clearance values (167).

qeasurément of creatinine in amniotic fluid has been .used

as an index of'fetélqmaturity. Althoﬁéh the‘boay fluid
'examined in the aforementioned tests chanées from serum, to
urine{ and finally to amniotic fluid, the test for créatinine

~

<
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which is generally employed is a modification of the original
Jaffe reaction. Many researchers have 1nvest1gated the
mechanism of the Jaffé<reaction.and a number of structures

have been proposed, but much controversy still exists as to

the structure of the réd'Jaffe'chromogen. Investigation of

. . . [t

the mechanism of this reaction was undertaken because of the
wide use and lmportance of the Jaffe reactlon in clinical
chemistry. It is hoped that solving the mechanism will aid

in finding a more specific reagent for the determination of

Ccreatinine.



CHAPTER II

EXPERIMENTAL _

L

A. Isolation of Jaffe Reaction Products

Materials and Methods

.Reagent grade creatinine was purchased from Fisher
Scientific Company, Don Mills, Ontario, Cénada. The sodium
hydroxide was “Baker Analyzed" Reagent grade from J. T. Baker
Chemical Co., Phillipsburg, N. J. Reagent picric acid
' crystals (under water) were purchased from Allied Chemicél
of Morristown, New Jersey. A Fisher-Johns Melting Point
Apparatus from Fisher Scientific Company, Don Mllls Ontarlo'

\

Canada was used to determlne the melting point of the red

Jaffe’ chromogen.

The red creatlnlne Picrate was prepared by the procedure
of Anslow and Klng (144) Creatinine, 5 g, was dissolved in
50 ml of distilled water. :Picric acid, 10 g was dissolvad
in 200 ml of boiling dist'iliéd.water.' The picric acid
_solution was added to the‘dissolved creatinine aﬁd the
solution was mixed. At this point é yellow preéipitate was
observed. To this Giscousimixture, 50 ml of a cold solution

:

of sodium hydroxide were added with mixing. The yellow

Precipitate dissolved with the appearance of a deep»red

- The red solution wasAESBTéﬂﬁin an ice bath and

20
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-

50 ml of cold concentrated hydrochloric acid were added
The red chromogen of the Jaffa reaction precipitated and was
collected by filtration and dried by rotary evaporation,
The yvyellow prec1p1tate of Creatinine ang p1cr1c acid
' was prepared by mixing the aforementioned creatlnlne and
picric acid solutions. The Tesulting yelloy.precipitate
was cooled, filtered, and dried using a rotary evaporator,
Preparatlon of the orange pretlpltate was 31m11ar to
the*red except that 15 g of creatinine were dlssclved
Durlng the ac1d1f1cat10n step, the concentrated acid was
added very slowly. Crystals were aéparatéd by fiitration
of the cold sglution aad -dried in the fotary'evaporator.

- B. §Egctrophotometf1c Examlnatlon of the Jaffe Reaction
Products

Materials and Methods *:

-

A Beckman DB-GT Gratlng Spectrophotometer with a
Beckman 10’ recorder (Beckman Instruments Inc., Toronto,
Oﬁtario) was employed in the spectrophotometrlc stuﬁles
Spectrophotometer cells with a 2 mn laght path were purchased
from Hellma Cells Inc., Toronto, Ontario.

A solution containing the" req Jaffé'coidr was prepared
for spectrophotoﬁetric examination. Creatinine, 0.0148 g,

was dissolved in S.O ml of distilled water. This solution

7
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was mixed with 25 ml of aqueous picrio acid, which was
Prepared by addlng 0. 030 g of plcrlc acid to 25.0 ml of
dlstllled water. Thirty milliliters of 0.5 N sodium hydroxiée
were added resultlng in a reddish orange colored solution.
The .resulting pH of this solution was 12. 94 'Spectre Were
recorded on a Beckman DB—GT recording spectrophotometer The'
PH was altered by titrating with 0. 50 N hydrochloric ac1d
Spectra\WeE\\recorded at pH values of 12 o, 9 52 7.2, and

\A_.-.‘

5.35. The solutlon was then backtltrated with 0.50 N sodlum

.

hydroxide. Spectra of the backtltratlon were recorded at pH

values of. 9 48, 10.78, 11.9,- and 12.0.

C. Polarographic Examination of the Jaffe Products

Materials and Methods

Nltrogen 99.996% pure was purchased from Ligquid Carbonic
of Canada Ltd. Triple distilled mercury was obtalned from ‘

}
Engelhard Industries of Canada Ltd.

A Sargent (Sargent-Welch Scientific Compani) Model FVI
Polarograph was employed for this investigation. Polaro-
graphic reduction was carried out in ga reh-milliliter
Heyrovsky cell. The characteristics of the caplllary used
Qeré: = 1.767 mg iil; t =4, 68 sec; m2/3 1/6 = 1.890

ng/BS—l/Q. The height of the mercury column was 7.15 icm
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The cell was placed‘in a water bathwmaintained at 25 : 0.1%
with a Haake Mqdel ED” "UNITHERM" constant temperature
cirgulator.

Polarographic“examination of the yellow creatinine-
picric pfecipitate (isolated as degcribed under EXPERIMENTAL
- Part A) was undertaken by placing 4.0 mg of the yellow pre-

cipitate into a 10-ml volumetric flask. To the flask, 2.0 m}
of a5 g/100 ml aqueous solutlon of sodium chloride were
added to act as a supportlng electrolyte during the polar-
ographic reduction of the yellow prec1p1tate The volumetric
- flask was brought to volume W1th delonlzed—distilled water
and the resultlng yellbw solut;on was mixed. A volume of
5.0 ml of this solutlen was placed into a Heyrovsky cell

. N
which was in a 25 C waten bath. The cell was deaerated for

a period of 20 min with nltrogen Prior to5polarography_
Polarographic analysis of the red Jaffe'precipitate
(isolated as .deséribed under EXPERIMENTAL Part A) was under-
taken by weighing out 0. 0050 g of the red prec1p1tate into a
10-ml volumetrlc flask. A volume of 4.0 ml of O. 5 N sodium
> hydroxide was added to the flask and the volumetrlc flask

was then filled to volume with delonlzed—distilled water.

' The resulting solution was mixed and 5 0 ml were transfefred

by pipet to a 5-m1 Heyrovsky Polarographic cell. The cell
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was placed into the 25OC water bath and deaerated for a

-~

pericd of 15 min Wwith nitrogen prior to polarography. -

¢ !

D. Polarographlc and Spectrophotometr1c.Studles of the

Reactloﬁ’of Creatinine with m—Dlnltrobenzene

Materials and Methods -

Polarographic examinations were performed using a
. -4

Sargent Model XVI Polarograph with the previously described

capillary. .Polarography was carried out in a 10-ml Heyrovsky
. o+

cell which was placed in a water bath.maintained at 25 - O.lOC

.by a Haake Model ED "UNITHERM" constant temperature circulator,

An B8N sodium hydroxide solution was prepared by adding

. 32.0 g of ‘sodium hydroxide pellets to a 100-ml volumetric

flask which is filled to volume with distilled water. A
standard_sqluﬁion of-g—dinitrobénzené was prepared adding
0.500 g of m-dinitrobenzene into a 500-ml volumetric flask
which is filled to voiume witﬁ abgolute gthanél;' A volume

of 0.2 ml of theasodiﬁm hydroxide sglutioﬁ 1s added t; a 10-51
volumetric flésk. To this'flask, 0.1 ml oflstandard m-
dinitrobenzene was.éd_ded. The flask was then filled to
volumé with distilled water and mixed well. A 5-ml allquot
was pipetted into the Heyrovsky cell, whlch was placed into

the 25 C water bath. A 15—m1n‘deoxygenat10n was carried out



using 99.996% nitrogen (Liquidfparbonic); which was passed
_through ;ne wash‘bottle containing distilled wgter.“Blank
polarograms were deterﬁined on this solution. -Solid
creatining, 0.020 g, waé added to thé'Heyrovsky cell. Tﬁe |
reéulting solution was mixed- by deoxygenating with nitrogen'
¢
for a.period of 5 mirn. Polarograms were run over a 3-hour
Period, dufing‘which a graduél decfease was'observed for the
dlffuslon current of the two reductlon waves of the m- dlnl“
o N
trobenzene. Spectrophotometrlc spectra of the yellow solution

were run against its blank on a Beckman DB-GT recording

‘sﬁectrophétometér.

.-

E. .pH Titratiéh,Studies of the Jaffe Reaction Products and

] Related Compounds

Materials and Methods'

Picric acid, 0.0300 g, was di.ssolved in 60 ml of d@istilled
water.in a 150-ml beaker. Titratipn of picric acid ﬁas witﬁ
0.1016 N sddium hydroxide. 7

Creatinine, 0.0lkél g, was dissbived in #O ml of
distilled water and PH titration was with 0.1Q16 N sodium
hydroxlde. |

Creatlniné,p0.01481 g, wag dissolved in 40 ml of‘distilled
.Qater and acidified with 0.10 ml of concentrated hydrochloric

acid. A pH titratioﬁ was carried out by titration with



\
N

¥ i ' .
¢ ~
)

s - - [

2

0.1016 N sodium’hyéro#ide.
The yellow'brecipitate of_oreatinine—picric acid,
0.0448 g, was dissolvqﬁ io 40 ml of &istilled water and
the resulting solution was tltrated with 0.1016 N sodluﬁ
hydrox1de
‘The red precipitate of creatinine-picrate, 0.0448g,was
dissolved in 40 ml of distilled water. A volume of 14 ml of
0.5 N sodium hydroxidewas‘added witﬁ mixing and the ‘
- resulting solution ;as titratediwith 0.1169 N.hydrocﬁloric '

acid.

L

F. Reactivity of Alkaline Picrate with Hydantoin and =

5,5- Dlmethylhydant01n

Materlals and Methods

Hydanto}n and 5,5-dimethylhydantoin Qere.purchasod,from
Sigma Chemical Company, St. Louis Missouri.

A.standard hydant01n solutlonlﬁas prepareglby addlng
0.150 g of hydantoin ;o_a 10-ml volumetrlc flask and diluting
to volume with disti water. A standard 5,5-dimethyl-
hydantoirf solution w:kared b-y' adfii;xg 0.150 g of 5 ,5~
diméthylhydantoin to a 10-ml volu.me‘tri‘c flask which was
filled to volume with distilled oater. A standard"solﬁtion-
of picric acid was prepared by adding 0. 3238 g of dry p1cr1c :

acid to a 50-ml volumetrlc flask which was filled to volume
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with distil}ed water. A spectrophotéheter blanking solution
was made by addlng 2.0 ml of the p1cr1c acid standard
solutlon,to ’\O ml of 0.50 N sodlum hydrox1de and finally,
v adding 0.1 'ml of dlStllled water. Test solutions ‘of hydantoin -
kand 5,5- dlmethylhydant01n were Prepared by.adding 0.1 ml of
the respectlve standard solutlon in place of the 0.1 ml of
'“the water used in the blank. Spectra of hydantoin and 5, 5—
/

direthylhydantoin were prepared using a’ Beckman DB-GT

recording spectrophotometer.

L
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. . CHAPTER III

, RESULTS

A,” Isolation of Jaffe Reaétion Products

Lgeggrmination of the Melting Point_of the_Jaffe'Productf

//

e
The yellow product of creatlnlne ~“picric acid, the red

productuof creatlnlne alkaline plcrate and the orange

creatlnlne-alkq%rne plcrate were isolated in crystalline
: o ‘ .

form., ) ’ - . 5

The red product wes examined by heatlng on a Flsher—Johns
Meltlng Point Apparatus. ‘The red compound Startedfto_IOSe
its brllllant red color above 160 C., It turned orange at

about 170 c, then yellow at about 190 C, a very pale yellow

resulted above 195 C w1tb a melting p01nt just below 210° C.

The red product was hlghly 1nsoluble in most solvents.

Obher solvents llkekgbetone and 1sobutylam1ne could not be .

used because of further chemical reactions. When small

e

iamouitg of the red'prec1p1tate were dissolved 1n golvents

» -~

like water and nitrobenzene, a yellow color resulted. The °

orange product also turned yeliow when dissolved in water.

' o T
o’

BL-,Spectrophotometric Examination of the Jaffe” Reaction

Products

-

Spectra of the red Jaffe reactlon product can be seen
in Flg. 2 and 3. .The plateau in the spectrum'of the Jaffel

-

g5 } T og
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FIGURE 2 )

“U SPECTRA OF THE JAFFE REACTION DURING ACID TITRATION

Legend
" Spectra of the Jaffe’reaction during titration with'
dilute hydrochloric acid are depicted. Refer to text for

complete details.
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.FIGURE 2

L4

' SPECTRA OF THE JAFFE REACTION DURING ACID TITRATION
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FIGURE 3

SPECTRA OF THE.ACIDIFIED JAFFE REACTION DURING BASE BACKTITRATION

- Legend

Spectra of the acidified Jaffe reaction during back-

—_ .

titration with dilute sodium hydroxide are depicted. Refer

to texé’for complete details.
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FIGURE 3

SPECTRA OF THE ACIDIFIED JAFFE REACTION DURING BASE BACKTITRATION
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chromogen, between 470-525 nm, disappeared during a dilute
hydrochloric acid titration. At a.pH of 5.35, the wave
completely disappeared. A base titration of an acidified

solution results in the reappearance of the Jafie absorption

wave (Fig. 3 ).

L J

L . . -
C. Polarographic Examination of the Jaffe Products

r

Polarographic examination of the yellow Precipitate of

- €reatinine and picric acid révealed a large decrease in the
first reduction wave of -picric acié (Fig. 4 ). “
Pblarégraphy of ‘the red precipitate of.the)Jaffe’reaction
resulted in a thregmstep réduction wave which was almost

identical to that obtained for the polarographic reduction of-

Picric acid.

—

D. Polarographic and Spectrophotometric Studies of the

Reaction of Creatinine with m-Dinitrobenzene
After the addition of creatinine to the alkaline m-
dinitrobenzene, algradual decré;se was observed in the
diffusiOn current of both nitro reduction wavés of m-dini-
.-trobenzene. The solution which remained in the 10-ml
° volumetfic flask was_uséd as a Blank. The blank. solution
was clear’aqd colorless while thé solution containing the

-~

‘creatinine turned yellow with time. Over a 3—ﬁgur period,
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FIGURE 4

POLARQGRAM OF THE YELLOW PRECIPITATE OF PICRIC'ACID AND

CREATININE

Legend

"This is-a: typlcal polarogram of the yellow prec1p1tate

of plcrxg acid and creatinine,.
5

mercury pool.

Voltage is expressed versus"



FIGURE 4

POLAROGRAM OF THE YELLOW PRECIPITATE OF PICRIC ACID AND
CREATININE
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during which a gradual decrease was observed for the

diffusion current of the two reduction waves of the m-dini-

trobenzene. Spectrophotometric spectra of the yellow

solution were run against its blank on & Beckman I'B-GT

- recording spectrophotometer.

=
aid

) L

A}
A

E. PH Titration Studies ofdthe Jaffe'Reaction Products

and Related Products
The pH titration curves for picric aéid, creatinine,
an acidified sample of creatinine, the yellow precipitate

of creatinine-picric acid, and the red Jaffe reaction

product, can be viewed in Figs. 5 - 9, respectively.

F. Reactivity of Alkaline Picrate with Hydantoin and
) ]

545—Dimethylﬁydantoin

The Spéctra éf hydantoin rgéét}ng with alkalihe-picrate'
can be seen in Figf 10: Under identical conditions, 5,5~ J
diﬁethylhydantoin does not react with alkaline pic;ate
(Fig. 10)}. The spectfa of hydantoin are very similar to

the spectra of the red Jaffé’ch;omogen (Fig. 2)..

g f
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FIGURE 5

'PH TITRATION CURVE OF PICRIC ACID

Legend

Depicted is a pH titration curve for picric acid when

titrated with dilute NaOH. Refer .to text for details.
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FIGURE 5

a pH TITRATION CURVE OF PICRIC ACID
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FIGURE &

N BASE TITRATION OF CREATININE

Legend : ‘ s

.

Creatinine was titrated with 0.102N NaOH. Refer to text

for titration details.

-_—,



FIGURE 6

BASE TITRATION OF CREATININE
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© + ' FIGURE 7 !

BASE TITRATION OF CREATININE IN DILUTE HC1

2 3

Legend
. . , L A
. Depicted is a pH tltraQ&gn»curve for a weakly acidified
creatinine.solution which is titrated with 3.1710N NaOl.

Refer to text for titration details.,

M

S~

S g i
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' BASE 'TITRATION OF 'CREATININ'EU IN DILUTE HCl
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12} CREATININE - HCI




43

/ ™
L. : .
AN , _
AN FIGURE 8 :

‘p -
PH TITRATION CURVE FOR THE YELLOW PRECIPITATE OF PICRIC

ACID AND CREATININE

Legénd' =
Y

Deplcted is a pH titration curve fbr the Yellow pre-

cipitate of plcrlc ac1d and creatlnlne when titrated with
- >
dilute NaOH. Refer to text'for details.

1

-
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FIGURE §

k%ﬂ TITRATION CURVE FOR THE YELLOW PRECIPITATE OF PICRIC

ACID AND CREATININE
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FIGURE 9

ACID pH TITRATION"OE‘ THE RED JAFFE PRODUCT

Legend ~

D

Depicted isfg.pH titration curve of the red Jaffe'product.

The red precipitate of the Jaffé'reaction was dissolved in

an aqueous solution of dilute .sodium hydroxide and back-

:
titrated with dilute hydrochloric acid. Refer to text for

T

complete details.

.

R
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ACID pH TITRATION OF THE RED JAFFE PRODUCT
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FIGURE 10

REACTIVITY OF HYDANTOIN AND 5,5-DIMETHYLHYDANTOIN WITH
ALKALINE PICRATE

Legend

Spectra of hydantoin reacting with alkaline Picrate are

depicted. A spectrum df 5,5—dimethy1hydant6;ﬁ in - the

bPresence of alkaline picrate is also shown. Refer to text

for details.

3

'
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FIGURE 10

HYDANTOIN WITH

REACTIVITY OF HYDANTOIN AND 5,5-DIMETHYT,

ALKALINE PICRATE
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CHAPTER IV

DISCUSSION

A, Isplation of Jaffé'Reaction Products

Unlike other procedures examined, the modified Anslow
and King' (144) procedure for isolating the red Jaffe’
reaction prdduct was very useful. The rotary evaporator

whlch was used to Iemove the m01sture after the filtering

-
F

step, proved very efficient. Frast ellmlnatlon of moisture
was necessary because of continued reaction. _ When Properly
carried out, a briliiant red prec1p1tate was obtalned if

allowed to stand moist and exposed to air, a dull dark red

to brownish colored Precipitate resulted.

B. Spectrophotometrlc Examination of the Jaffe Reaction
' Products g

- e
~ [ TN |

The superlmposed spectra (Fig. 2) of the, a¢1d titration
of the Jaffe chromogen at various pH levels clearly shows
the dlsappea;;nce of the 470-525 nm wave. Slmllar;y, the
reappearance of the wave upon adding base ig dlstlnqtly
.shown in Figqg, 3. This dlfference easily lends itself to

the keto and enol explanatlon proposed by Greenwald (145)

and supported by Bolllnger (146).

%9
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C. Polarographic Examination of tne-Jaffé'Produ:ts‘
folarographicexamination of the yellow precipitaté of
creatinine and pPicric acid revealed that‘the first nitro
reduction wave of.picr;c acid,had disappeared. Examinatdon
of the red product, alkaline plcraﬁﬁFEreatlnlne revealed'a
' three-wave pattern normally found for picric acid in an
alkaline medium. Polarographic investigation of the form-

ation of the redAJaffe'chromogen shows the disappearance of

e '

'the first reductidﬁ>wave of picric acid (See EART.TI this
Dissertation). The initial dlsappearance'of the nltrol
reductlon wave and ‘its reappearance after base treatment of

the acid prec1p1tated compound, is an indication of a permanent
bond between alkaline picrate and creatinine. fhe regeneration
of the nitro reductlon wave and reappearance'of the rednJaffe
color,_lndlcate that the nitro group of plcrlc acid is not

bound as the theories of Greerfwald (140) and Anslow and King

(144).suggest.
- ' ) (
‘D. Polarographic and Spectrophotometrlc Studles of the ‘

Reaction of Creatinine with m-Dinitrobenzene

Both polarographic and spectrophotometric evidence indicate
‘a reactlon between creatlnlne and m—dinitrobenzene under

alkaline condltlons. A decrease in the diffusion current
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ct’*{.of*the nitro reduction waves of m~dinitrobenzene was
observed as the reaction time Progressed. After abont 3
hours, a decrease of over 50% in the diffusion current was
observedrfor both reduction waves. . The blank solution

remained clear and colorless, while the test solution turned

yellow,

' E. pH Titration Studies of the Jaffe Reaction Products

and Related Products

The upp;r portioqs of the pH titration curves of
creatinine; the yelLoQ product of creatinine and picric acid,
and the red Jaffe”product |, proved &lmost identical. This
is an indication that the guanidino group of creatiaine is
not bound in the red Jaffe product, nor is it bound in the

yellow product of creatirine %nd picric acid.

arr

F. Reactivity of Alkaline Plcrate with Hydant01n znd 5,5~
' Dlmethylhydantoin

(e

Hydantoin, a molecule Wthh is similar to creatinine,

-
' reacts with picrid acid under alkaline donditions} Spectra

~

“of the hydantoin alkaline picrate reaction (Fig. lO) are
r .

very similar to the Jafféireaction spectra (Fig. 2). The

had
[

5,5- dlmethylhydant01n does not form a colored reaction

product with alkaline picrate. This clearly impljcates
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1nvolvement of the methylene group of hydantoin in the

reactlon with alkaline picrate.

- The similarity in spectra

as well as. the structural similarities between hydant01n and

creatlnlne indicate that

involves the methylene group.

‘

qsee reactlve site of creatinine

-

s

’



CHAPTER V

SUMMARY AND CONCLUSIONS

Creatinine hae been shown to react with 3,5—dinitro-
benzoic acid (81, 103, 104), 1,3,5-trinitrobenzene (109),
2,%,6-trinitrotoluene (109), anad 2,4 , 6-trinitrobenzoic acid
(109). The polarographic lnvestlgetlon reported in this
dlssertatlen confirms the reaction ef creatinine with picric
acid. Furthe; polarograph}o exXamination showed that .
creatinine can alse react with 3,5—diﬁir;sali lic acid and
with m-dinitrobenzene. Reaction of acetone w1thlp1cr1c acid
and 1,3,5- trlnltrobenzene has been widely 1nvestagated
(160-163) Kimura '(160) proposed attack of the acetone
anion at the meta position of picric ac1d Under special
conditions bicyclic and tetfacyclic reaction products of
l,3,5—trinitrobenzene and acetone have been formed (163).
These reactions, in particular, the spectrophotometric and

pPolarographic results repbrted in the present study of

Ccreatinine with m-dinitrobenzene indicate ‘that the attack

Ve
. s '
of creatinine is at the méta position of the picric acid
molecule. \
\c/ : R — \

Greenwald and Gross (139) were the first to isolate a

compound composed “of two molecules of creatinine with one

]
<

53
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of picric acid. Polarographic analysis of the 2:1 :eactio;

Product reported here, shows the disappearance of the first

two nitro reduction waves of picric acid. ‘This can be

explained by atE£§£ at‘each'Sf the meta positions of piéric

acid. | |
Aithough Meiéenﬁeimer—cbmple%‘formationhas begn sﬁown

to occur in the pfesence of excess hydroﬁide cogcenfration

(152), thiéfdoes not take placefat Ehe'base concentragions‘

widely employed in the determination of creatinine by the

Jaffe'procédures commonly used in clinical chemistry. _‘ B
Identlflcatlon of the reactive éroup of creatinine was.

done by two methods. Flrst titration curves of the yellSW -

‘and. red productg of picric acid and creatinine were exgmine;>\ﬁri—

These curves were superimposable on tﬁe titration Curve of‘

creatinine, This was an 1nd1catlon that the guanldlno group

of creatinine was not. 1nvol;ed in E%e reactlon with picric

acid. If ‘the guénldlno grouplyere 1nvolved,in the reaction;

a shift of about two pﬁ units should haﬁe been observed (168).

Polarographic examination shows that the nitro reductlon‘

waves of plcrlc acid are not decreased in the presence of

creatinine. Preliminary results’ln this 1ab0ratory indicate

that guanine does not produce a color reaction tlth alkaline

el

picrate and the polarographlc reduction waves of plcrlc acid



v

are not decteased in'the'preaence'of guanine; The eecond
Piece of evidence is that hydantoin reacts with picgic_acid,
. Whlle 5 5- dlmethylhydant01n does not react
In 1928 Welse and Tropp (82)- v1sually observed red

color\}ormatlon for hydantoin and 5 methylhydant01n alkallne
picrate. They also dlscovered thaﬁ substitution at the

1,2, or 3 p031t10ns of hydantoin gave a positive reaction
'whlle 5 5—ethy1-phenylhydant01n gave a negatlve reaction.

They concluded that an actlve methylene group is requlted to
react with the alkaline plcrate but they dld not mentlon

the, type of attachment nor did they Propose a e;ructure for
_the red Jaffe chromogen._ Spectrophotometrlc regualts (depicted
'1n ,the RESULTS sectlon of thls Dlssertatlon) showed very
slmllat spectra for the hydantoin and creatinine reactions
with alkalihe-picrate. Further spectrophotometric_examination
of 5;5-difnet}wlh§dantoin proved that substitution of both

ethylene_protons of hydantoin-prevents_formation of the red
chtomogenzin the-presence of alkaline Picrate. Greenwald (139)
“fonnd that red color was prodaced with methyl substizuted
creatlnlne compounds when'the methyl groups were-attached
to the guanldlno group of creatinine.” From the ev1dence

presented, 1t is concluded that the blnding site of the red

Jaffé’chromogen_is between the meta position of the picric
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" acid and-the.hethylene group of creatinine. Polarographlc
ev1dence further shows that the first.nitro reduction wave ) .///

- of plcric .acid is decreased .in the reactlon. This indicates
- - . b

) that the red chromogen has a nltfg anion. Stablllty of the

C—
Jaffe product has been shown by tltratlng the red alkallne

solution Wlth dilute hydrochlorlc acid until a yellow color
was obtalned. The yellow solutlon Was backtltrated with 0.5 N
._sodlum hydroxide until. a. red color was obtained. This red
solution was then examlned on the polarograph The red Jaffe
color had reappeared, ‘but the- first nitro reduction wave had

: v ‘ -
also reappeared. The reappearance of .the first nitro

s .
reduction wave of picric acid is. attrlbuted to the loss of
the negative gharge whlch‘re31ded on the nitro group.
Furthermore thlS e anulndlcatlon that the blndlng of plcrlc
Hac:.d with creat;nlne fo;ns a permanent bond. Greenwald (139)
fo;hd plcrlc aCLd‘tg-be quantltatlvely inseparable from creatinine
when acetic ac1d was added after 30 min of reactlon tlme..
The polarographic evidence also shows that the nitro group
is not hound,'as was proposed”hy some researchers (140,144).

The proposed structure for the red Jaffé chromogen is

presented in Fig. 11
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"~ 'FIGURE 11
STRUCTURE OF THE WFFE’ CHROMOGEN

Legend

A proposed structure of the red Jaffe’chrqmogen is

- Presented. Refer to text for complete details.



FIGURE 11

STRUCTURE OF THE RED JAFFE’ CHROMOGEN
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PART 11

' INVERSE POLAROGRAPHIC DETERMINATION
'OF CREATININE WITH ALKALINE PICRATE

AND. 3,5-DINITROSALICYLIC ACID.

™
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CHAPTER I

INTRODUCTION

The Jaffe (1) reaction of creatinire with alkaline
Picrate is not specific and numerous'interférences whicﬁ
prp@uce similar chromoéens.exiét (59,169). Picric‘acid is
a ve;y reactive molecple with various types of réaéti;;s
that it can undergo (59,160,170). Reactivity a£ the meta
position of’ plcrlc acid by acetone (160,161,163,171) and
probably other molecules produces chromogens whlch 1nterfere
.1n the spectrophotometrlc'detenﬁlnatlon of creatlnlne
Melsenhelmer-(lSI) complex formation also produces interfering

chromogens.

Since the specificity of the‘colorimetric détermiﬁation_
lg decreased by many. types of 1£terfer1ng chromogens, we
proposed a new indirect polarographic determlnatlon. The
polarographic reduétion of picriclacid has been invést;gated
by a number of researchers (172-174). Three well-defined
polarographic waves can be seen in an alkéline medium. After
reacting the alkaline picrate with an-aqﬁeous solution of
Creatinine, a shift in half—wave potentlal and & iowerlng
of the plcrlc acid diffusion current are observed. This

decrease in diffusion,current is directlyrproportional to

the concentration of creatinine. Meisenheimer complex

60.
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formation ané the effect of the interferences that attack
at the‘meﬁg position are minimized iﬁ this new indirec£
pola£69raphic determinatibn of creatinine. In 1936, three
éiﬁfereht reﬁorts appeared on the reacti;n of alkéline 3,5-
dinitrobenzoic acid with creatinine (81,103,104)., The
investigators‘descfibed 3,5-dinitrobenzoic acid as a more
specifié reégent than picric acid for the determination of
creatinine. . Hﬁwever, limitatiops ofllow ;ehctivity and
instability.of the purple color forméd by the reaction were
major disadvantages poted in the literature. Bollinger (103)
attributed greater color stability to the élcoholic 3,5-
-~

dinitrobenzoic acid reaction of Benedict and Behre (81)Y.,

Since color stability is not a necessary reguirement
for polarographic investigation of the effect of creatinine
upon the reductign waves of the nitro groups, an examination
waS'éndertaken té find a reggent_which is more spec;fic tﬁan
:picric acid for the polarographic determination of
creatinine. An investiation of 3,5—dinit;osalicylic'acid
(DNS%) wés also undertaken tolimprove reactivity\;nd

selectivity of the new inverse polarographic determination

of creatinine.



CHAPTER 11

EXPERIMENTAL

Materials and Methods

Reagént grade éreatinine was plurchased from Eishér
Scientific Cbmpany, Don Miils, Ontaric, Canada. The sodium
hydroxide was ”Bake; Analyzed" Reagent grade from J. T. Bakérr
Chemical Co.,Phillipsburg, N. J. Reagent bicric.qcid
' crystals (under water) were purchased from Allied Chemical
of Morristdwn, New Jé?éey. Laboratory Réaéént 3,5~dini-
trosalicylﬁc acid wés from the British Drué Houses Ltd;,
Toronto, Ontario, Canada. The sodium chloride was obtained -
from Fisher Scientific Company, Don Millé, Ontario, Canada.
Nitrégen 99.99&% pure was from Liquid Carbonic of Canada
Ltd. Triple distilled mercury was obtained from Englehard‘
Industries of Canada Ltd. Fi;g | o

A Sargent (Sargent—Wei;h Scientific Company).Model XVI
Polarograph was employed'forlthis investigaﬁion. The con-
centration sfﬁdy‘was carried out in a\fivé-milliliter
Hefrovsky cell. The characteristics of thé'ngillary uéea

1

were: ﬁi= i.?é?mg s ; t=L4.68 sec; m 2/3£l/6'= 1.890 mg2/3;

. 5—1/2. The height'of the mercury column was 71.5 cm. The
cell was placed in a water bath maintained at 25 T ¢.1%

with a Haake Model ED "UNITHERM" constant temperature

‘girculator,

62
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A flask of stock saturated picric acid solution was

a

Prepared by adding distilled water to an eicess amount of

o

. wet;gﬁEric acid. fThe flaék was immersed im-the 250C water
bath ﬁntiiﬂphe temperature had equilibrated. Eight
milliliters of this solutioq were addéd to a iiter flask
and brought up to volume with distilled Létef to form a
pPicric acid working standé;d éolution. To prepare the
first blank solution, three milliliters of picriec acid

s ' :
working standard and four ml of O.5N_spdium hydroxide
solutign were added to a 10-mi volumetrié flaék_which was
filled té:the mark with distilled watef. This solution.
(5 ml) was pipetted into the Heyrovsky-égll for polarographic
analysis. Creatinine standard was prepared by adding p.025 g
of creatinine to a ?50—ml volumetric flask and ma&e up to
volume with distilled water. ‘Solutions of various con-
centrétiéns of creatiniﬁe (l to 5 ug/ml) were prepared by
adding appropriate alliquots of the standard creatinine to
a 10-ml volgmetric flask containing thi picric acid working

standard and the sodium hydroxide supporting electrolyte

—

L

as -in the blank. All solutions were deaerated for a period

of 15 min with nitrogen prior to'polarography.

A stock 3,5-dinitrosaligylic acid solution was prepared
i .

just prior to use by adding 0.050g9 of DNSA to a 500-ml
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» volumetric flask and diluting to volume with distilled water.
The sodium chlaride suppérting electrolyte was prepared by
| addlng 2.922g of sodium chlorlde to a 100-ml volumetric
—%\\ﬁlask and fllllng the flask to volume with distilled water.
Slé;larly, 0.05g of creatinine was weighed and made up to
volume just prior to use in a 100-ml volumetric flask with
distilled water. 1In the concentration study; 1 ml of
sodium chloride solution, 5 ml .of DNSA solution, and from -
~0.C to 0.5 ml in 0.1 ml increments of creatinine solution
(equivalent to .50 KLg/ml) wére added to a 10-ml volumetric
flask and made up to volume with distilled wa;e;. The
solutiqn was mixed, and a 5—ﬁl aliquot was pié?tted into the .
Hegrovsky cell for polarcgraphic analysis. A l5am}n deaeration
using nitrogen gas was acéomélished by-passihé.thu gas through
a water tower at room temperature; and then through,the'
- Heyrovsky cell which was kept &t 25°C in a Qater bath.
Duplicate analyses were pe}formeéffor each concentration

studied, with three polarograms obtained for each run.



CHAPTER IITI .

RESULTS

Il

‘A linear inverse relationship was observed betwe%;j
the diffﬁsion current of the picric a¢id nitro group
reduction wave at El/2 = -=0.501V vs. Hg pool with’increased
creatinine concentration. . The results of thié concentration
study are fecorded in Table 2 and in Fig.” 12, A slight
change to a less negative El/2 was observed upon reacting

the alkaline picric acid with Creatinine. The E for the

1/2
reduction of the first nitro group of the alkaline picric
acid is 40.501V, whereas the creatinine bound pProduct has

an E, =-—0.496v.

1/2

The diffusion current was calculated from the following

equations:

i = . X
D Sens. X h

“ where i = the diffusion current in pa

Senas. = the sensitivity in'pA/mm
. h = the wave height in mm,
The wave height, h, was measured in mm. A typical polaro-
gram for theqfirstireduction wave of picric acid can be seen
in Fig. 13. A sample calculation fo; a blank picric acid

concentration can be cafculated as follows:

"65
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TABLE 2. _Effect of Creatinine Concentration on the

Diffusion Current of the First Reduction

Wave for Picric Acid

. Creatinine concentration

. . *
Discusion current (pA) of
the picric acid wave’

pg/ml \ ‘El/2= -0.501V vs Hg Pool
.
0 p 2.381
1 2.30
\ ~
) 2 2.221
3 2.118
4 . 2.031
5 1.93

*The values reported represent an average of two samples

‘at each concentration studied, with three polarograms.run

for each sample.

o
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FIGURE 12
i

- EFFECT OF CREATININE ON DIFFUSION CURRENT OF PICRIC ACID

" Legend

The data for this plot was calculated from the diffusion

-

current of the first reduction wave of picric acid. The

results are an average of two samples at each concentration

studied, with three polarograms run for each sample.
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FIGURE 12

EFFECT OF CREATININE ON DIFFUSION CURRENT OF PICRIC ACID
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Sens. = 0.020|LA/mm-
(/ . h = .119 mm

i = 0.020 X 119 - 2.38 A

The apparent half-wave potentials were calculated by
measuring the distance in inches from the beginning of the

polarogram to the midpoint of the diffusion current wave (175)

Pad

as shown in Fig. 13.

These distances are substituted into the following

equations:

apparent El/2 = (-3.0/25.0) X &
o

where apparent El/2 = the appafen; half-wave potential

d = distance in inches

“ .

-3.0/25.0 = a constant for the polarograph.

3
™

The constént, -3.0/25.0, varies witﬁfthe settings used
on’ the Sargent Model.XVI Polarograph. A polarogram is 25.0

inches long when the settings are medium and “fast for the

voltage drive and chart Paper drive, respectiﬁely. The -3.0

volts with the negative sign indicating a negative increase

in voltage. Thus every inch of the polarogram is a hegative

increase of 0.2 volts. '



‘ . PIGURE 13

= . o e : _
TYPICAL POLAROGRAM OF THE FIRST REDUCTIO_N WAVE OF PICRIC ACID

. . . . -~

2 Legend - P
This is a typical polagggram depicting only the first

.réauct; n wave of picric acid. Methods for measuring the

T diffusion ‘current (h) and’ the apparent half-wave potential

PO

are depicted.
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. FIGURE 13 . SN
, TYPICAL POLA&OGRAH OF THE FIRST REDUCTION WAVE OF PICRIC ACID
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a polarogram for the first wave of picric]acid which

was started at 0.0 volts and with  d = 4.18 inches would

vield:

1/2

. 0.12. x 4.18°

-0.502 volt

The effect of creétlnlne concentrellon on the

' dlffu51on current of the DNSA wave at E

12 = 701674 vs. Hg

fpool is shown in Table 3 and in Fig. 14 . ThiS'study shows

“r

that the dlfoSlon current is 1nversely proportlonal to

concentration in the range of 0 to 30 ug/ml of creatlnlne

. The half—wave potentlals of the two nitro group-reduction

. waves for DNSA were found to be -0. 674V and -1.75V vs. Hg

v’_\‘ . .
pool. & shift of El/2 was observed upon redh{i:ie%he DNSA

-

'ﬁith creatlnlne. The Shlft 1n E

nltro group reduction yave of the DNSA—creatlnlne study was -

1/2

from ~O 674 to —O 7OOV vs Hg pool,

[N

I

values for the first

e
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TABLE 3. Effect of Creatinine Concentration on the
/ -

.

Diffusion Current of the DNSA Wave at

El/2 = -0.674v

Creatinine concentration

- Diffusion current® (LAY of

: . the DNSA wave at E - CLETh ‘f
1g/ml vs Hg pool r/2

0 © 2,78

; 10 2.265

20 1.884

) _3—O . 1.435

4o 1.2"@3 |
- 50+ 1.070

- %

The values reported represent an average of two samples

at each concentratlon studled with three polarograms

run for each sample.
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FIGURE 1}

EFFECT OF CREATININE ON DIFFUSION CURRENT OF DNSA

Legend
Thé_aata for this plot.was_calculated from the diffuéion
current of.the first reduction wave of DNSA. The results are-

an aerage of two samples at each concentration studied, with

three polarograms run for e€ach sample.

. ,



‘ FIGURE 1}

 EFFECT OF CREATININE ON D;?FUSION CURRENT OF DNSA
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 CHAPTER . IV
DISCUSSION

The 'polarographic reduction of the nitro groups of

T

e

picric'acid to ﬁydrox?lamihe groups has been éhown to infr
voivé t£e,transfer of_four electrons per nitro group'(l?6).
Inhibitiqn,of this reduction by creétinine causes a decréase'
_iﬂ diffu$ion current of four electrons per molecule of
créatinine. 'Bécause of-this sharp decrease in the diffusion
curreht; along with tﬁe fact thét only the first nitro wavé
is affgétedby creatinine at low concentrations (1;u‘c/é)
éb@ounts for the.sensitivi£y.of this ﬁew indirect polar-
oéraphic determination | r
Poléroéréphic investigétion is able to élarify whether
.tﬁe reaction between'c{?atinine and picric acid forms a 1:1
.or a 2:1 produét;; fhe éifficulty in determining whéther'it
i;”a i;l of a 2{l-product.lies in the fact that créatinine
«can fogm géth.aepending'on the re;ative amounts of each of
ghe chemicals present. At aldw\creét%nine to picric aéid
‘ratio, a fed.l:l_produétAis formed. At ratios of L:l, a
mixture éonéisting mainly of the i:l_produét is'preseﬁt;
but,approx;mately‘lo% is in £hé 2:1 form. This is easi}y

observed-byﬁpolarography of picrie acid-creatinine solutions

76 ‘ -t
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and comparlson of the - reductlon waves of picric ac1d.
Spectrophotometrlc determlnatlon did not show clearly that
the reaction produet was a 1: l or 2:1 adduct because the
red product is unstable and changes;to a yellow product

. . \
‘upon dilution, ‘Similarly, it was observed that the orange

P
2:1 product which was first isolated by Greenwald (142},
is also converted to a yellow color when it is dissolved in
water and other solvents. Indeed, a solvent could not be
found in which the red and orange products were soluble and
at the same time retained thelr color 1n dilute solutlons.
In 1936 three 1ndependent investigators (81, 103 IQ%)
- found that 3,5- dln;troben201c acid will produce a purple
.color Wlth creatlnlne in. alkallne solution. Thls method was
shbwn'to be more specific toward'creatinine, but it was less
sensitive._ Polarographic examination of this reaction
revealed that both reduction waves correspondlng to each ;
of the n1tro groups, would decrease at the ‘same tame when
creatlnlne was added. Thisg suggested that the reactlon of
3, 5 dlnltrobenzolc acid was 51m11ar to' that of pidrig acid.
Slnce creatinine addrtlon to 3 , O- dlnltroben201c ac1d
: affected both reductlon waves . at the same time, and also.

because of its lowered reactivity, the 3 5 dlnltroben201c

ac1d Proved. unsultable compared to plcrlc acid as a reagent'

. . -
-
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for the ‘indirect polarographic determination of creatinine.
To examine a similar molecule with greater reactivity

3,5—dinitrosalicylic'acid wasftried._ This reagent was'muph

i
i

more_feacti?e,,in that it gave a greater decrease in the
diffusion current wi£h creatinine than did 3,5-dinitro-
benzoic acié. DNSA_dia not produce the purple color which
qpcﬁrs with 3,5—dinitrpbenzoic.§cid and creatinine in the
pPresence of Basé;. 1t wés found advantageocus to e}iminaté

the additicn of base and to subgtitute NaCl as the supporting

(%)

‘electrolyte for the polarographic detefmination of creatinine

"with DNSA.

v

“An experimentélly insignificant change in E

!

| 12 *%
observed for the first niéro group reduction wave of picric

acid when creatinine'is added unéerfthe cqnditiohs‘descr%bed
in this paper; Howeéver, in the DNSA study, a shift of Oi26v
(to a more négafiv?.gotenFial) was observed between_the'El/2

of the first nitro grohp reduction wave and the corresponding

QaVe in the presence of creatinine. Altpough cOrtelation
between sh;fts in E1/2 and the extent of-coéjugation have
been well documented in the literature (177-179), such a
conﬁlusiqn cannot be drawn frém the daté p:esentea ir. this
paper. The shift in E1/2 in thé DNSA-Ffeétinine g?udy is
believed to be'dge téia chagge'iq PH.

)

. . .
) : M .
- ) X . .
. . b to

v
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An'increase in pH would decrease the_avéilabiliﬁy of protons
fbr £he reduction of the nitro group to the hydroxylémine
(1%6), and therefore aiéhange to a more negéﬁivé p§tentia1
would be expected and was observed. - The éffett ot changes

in pH versus El/elfOr nitro group reductions have been

tabulated (180-182).



CHAPTER VW

SUMMARY
: a

A selecfive an@ highly sensitive inverse polarographic
method for the determination of creatihine'has been developeq,
inQolving the measufemént’of disappearanCe of diffusion
current for the éiCric.aéid wgve (El/2 = —OfSOlV) whén.
Creatinine is addedf Creatinine levels of o-c ug/mi can be

Measured accurately..

4

Investigation of 3,5-dinitrobenzoic acid and 3,5-dini-
. : B

trosalicylic acid revealed the latter to be more reactive
l'- " . RS

and useful for the inverse polarographic determination of

s

creatinghe at levels of 0 - 30 pug/ml.

180 e o
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