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ABSTRACT

B ECTROOHEM CAL PRECOLUMN GCONDI TI ON NG
(F BILIRBI N FOR THE | NVESTI GATI ON (- UROBILINOGEN
BY HIGH PERFORMANCE L| QJ D CHROMATOGRAPHY
Wesley A Qay
Mast er of Science

Youngst own State Uhiversity, 1985

The utilization of precolumn el ectrochemcal cells in H gh
Per f or nance Li qui d Chr onat ogr aphy (HPLC) can be used to generate
conpounds that are difficult to obtain by nore conventional neans. The
application of this principle during a recent study led to the design
of an el ectrosynthesis cell capable of reducing bilirubin to urobilinogen.
Urobilinogen is a highly | abile organi c conpound with clinical
significance. Because of its instability no workabl e standard exists.
This study denmonstrated the ability of a flowthrough el ectrosynt hesis
cell to produce quantities of urobilinogen sufficient for anal ysis.
As the el ectrosynthesis cell did not provide 100 & conversi on
of bilirubinto urobilinogenin a flowng system it was necessary
to devel op a nethod of separating and detecting both species.
Experimental results reveal ed three possi bl e net hods of
detection (el ectrochemcal detection, fluorometry, and \V\ASpectro-
netry) for urobilinogen, but only one for bilirubin (UV spectrongetry).
Therefore, UV spectronetry was enpl oyed as the detector systemt hroughout
the renai nder of the project.
Rever se phase HPLC was used with several different nobile

phases in an attenpt to separate the two species. Systens expl ored



i ncl uded various rati os of methanol/water and acet oni trile/DMSO/
water. A separation of bilirubin and urobilinogen was obtained with
50 £ nethanol and water at a flowrate of 10 mL/minute. However
this separation was not sufficient for a quantitative nmeasurenent.

No separation was obtained with the acetonitrile/DMSO/water nobile

phases.
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CHAPTER 1

| ntroducti on

The Nature of Urobilinogen

Uobilinogenis atermgiven to three different chem cal
species. Wil e these species are not isoners, they are grouped
t oget her because of their common origin, simlar structure, and al nost
i dentical physical properties. The three forns are Mesobilirubi nogen,
1-Stercobilinogen, and d- U obi |l i nogen. 1

The structures of the urobilinogen conponents are given in
Fgure 1.2 From this it can be seen that the structures differ only
intheir degree of saturation and the positioning of substituent groups
on the rings. Each consists of 4 pyrrole rings joined by nethene
bridges. The various substituent groups are conprised of vinyls,
nethyl s, ethyls, oxygen, and propanoi c acid.

The urobi | i nogen conponents are reduction products of bilirubin, _
The bilirubinitself is produced by the norral netabol i smof red bl ood
cells, and like urobilinogen has three different forns. These are
bi lirubin, dihydrobilirubin and nesobilirubin. In the body, bilirubin
is reduced in the intestines by bacteria to d-urobilinogen, whichis
further reduced to nesobilirubinogen. This can, in turn, be reduced
t0 1l-stercobilinogen. Mst of this urobilinogen is reabsorbed by
the circulatory systemor renoved fromthe body in feces. A trace
amount (0.5 mg to 40 mg/24 hr) is excreted in urine. The relationship
between the three forms of bilirubin and the three forns of urobilinogen

are shown in Figure 2



Mesobilirubinogen
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1-Stercobilinogen

d-Urobilinogen

P = -CH2CH,COOH
V = =CH=CH2

E = -CH2CH3

M = -CHj

Fi gure 1-Structures of Urobilinogen



The three forns of urobilinogen are generally referred to

collectively and shall be for the remai nder of this work.

Reacti ons of Urobil

U obilinogen is an extrenely |abile conpound that undergoes
spont aneous oxi dati on to urobilin when exposed to light and air.
The oxi dation reaction i nvol ves the | oss of two hydrogen atons from
urobi linogen. This conversionis easily detected by the change from
col orl ess urobilinogen to the intensely yellowurobilin. The oxidation
reactionis givenin Fgure 2 3
The ot her reaction of major inportance is that of urobilinogen
W th Ehrlieh's reagent (p-di net hyl ami nobenzal dhyde). This reaction is
of great inportance in several anal ytical procedures that wll be di scussed
later. Athoughit is used in both qualitative and sem-qualitative
met hods, the exact reaction product is as yet unknown. Ehrlich's reagent
reacts readily with urobilinogento give an intensered color. A

probabl e reacti on sequence i s shown in Figure 3 4

Present Met hods of Anal ysi s

At the present tine no reliable quantitative nethod of
urobilinogen anal ysis exists. There are, however, qualitative and
sem -qual i tative procedures invol ving the extraction of urobili nog;an
fromurine wth petrol eumether. The ether extracts are then reacted
w th Ehrlich's reagent and the absorbance deternined at 562 nm. The
concentration is then determned by using a standard curve which is
pr epar ed from phenol sul f onepht hal ei n dye. There are three basic
reasons why it has been difficult to obtain quantitative results

fromthis procedure, the prinary reason bei ng i nconpl ete renoval of
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Figure 2-Bilirubin Metabolism
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Figure 3-Reaction of Urobilinogen Wth Ehrlich's Reagent



interfering substances during the extraction. Secondly, thereis an
appreci abl e | oss of urobilinogen due to inconpl ete renoval by the

organi c phase. Third, the standard curve used to determne concentration
Is not prepared froma true urobilinogen standard, but is estinated

usi ng the phenol sul f onepht hal ei n dye.

Anot her nethod that is enployed prinmarily as a qualitative
test, but can al so be used for sem-quantitative neasurenent, is
the reagent strip(dipstick). In this techni que the commercially
avail abl e reagent strip is "dipped" into the sanple to be tested.

The presence of urobilinogenis then determned by the appearance of
the appropriate col or.

A recently-introduced reagent strip allows the sem-quantitative
neasur enent of urobilinogen. This procedure nmakes use of an instrunent
(Ames "Cliniter") to read the reagent strips, thereby elininating
variations anong techniciansin interpreting results. The instrunent
neasures the light that is reflected fromthe reagent strip. Snce the
color of the strip becones darker as the concentration of urobilinogen
I ncreases, the anount of light reflected is inversely proportional to
the concentration. A though this nethod i s an i nprovenent over previous
net hods, it has not, to this date, becone a quantitative neasurenent due

to the presence of interfering substances. -

dinical S gnificance

An increase in the concentration of urobilinogenin urineis
often indicative of aliver disorder such as hepatitis. In a non-diseased
state the |iver serves to renove urobilinogen fromthe bl oodstream
However, if a large nunber of |iver cells are danaged, the urobilinogen

wll pass to the ki dneys to be subsequently renmoved and excreted in



the urine. The urobilinogen level in urine can then be nonitored to
eval uate the effectiveness of a particular drug in the treatnent of
a liver disorder.

Wil e an increase of urobilinogen in urine often points to
| iver or henol ytic diseases, a decrease in urobilinogen can al so be
significant. Anemas not caused by red bl ood cell destruction, as
wel | as obstructive jaundice and antibiotic drug treatment can cause
a decrease in urine urobilinogen.

It is obvious that urobilinogen testing is of great inportance,
both inthe initial detection and confirmation of a specific di sease

state and in the nonitoring of a patient's response to treatment.

S atenent of the Probl em

The anal ysis of urobilinogen in the clinical |aboratory suffers
fromtwo basic problens, the first being the presence of interfering
substances. S nce the reagents used in detection(prinarily Ehrlich's
reagent) have poor sel ectivity, a great nunber of conpeting reactions
can take place. This, coupled with the fact that urobilinogen concen-
trations are low allows the presence of interfering substances to
significantly alter results. The second nain problemis the lack of a
urobi I inogen standard. Wthout such a standard it is virtually --

I npossi bl e to quantify chemcal or spectronetric nethods of anal ysis.

Thi s proj ect addresses these two nai n obstacl es separatel y.
First, the presence of interfering substances was dealt with by the use
of H gh Perfornance Liqui d Chronat ography (HPLC)., This allows the

separation of the analyte fromnaterials of no interest. Second, since

no commercially produced standard is avail abl e and no dependabl e



net hod of synthesis exists, an attenpt was nade to produce urobilinogen
el ectrochemcal ly. This process invol ves the reduction of bilirubin,

a stabl e precursor of urobilinogen. Thus, an el ectrochemcal cell
capabl e of reducing bilirubinto urobilinogen in a flow ng system

was designed. S nce urobilinogen readily oxidizes to urobilin, the cell
was designed to function at the precolumn side of the HPLC, thereby

ensuring no del ay between synthesis and anal ysi s of the urobilinogen.



CHAPTER II

H storical Review

D scovery and |sol ati on of Wobilinogen

In 1871 Maly acconplished the reduction of bilirubin using

sodi um anal gam >

The reduction product was referred to as hydrobilirubin.
As this reaction took place w thout the benefit of a dry nitrogen

at nosphere, the product was probably a mxture of various reduction
products of bilirubin including urobilinogen.

U obi | i nogen was first isolated in 1911 by F‘ischer.6 In his study
t he sodi umanal gamreduction of bilirubin was coupled wth several
extraction steps, which were carried out primarly wth diethyl ether and
chloroform The product of this first synthesis was what is now cal | ed
nesobi | i rubi nogen.

The literature citations on the early work invol ving urobilinogen
suffer fromcontradictory nonenclature. Qiginally, the termurobilinogen
referred to any pignent in urine that reacted with Ehrlich's reagent
to give an absorbance at 490 nm. In other cases, urobilinogen was
used to refer to all of the urobilinoids(urobilinogen and urobiiin).

Mich of the experinental work conducted on "urobilinogen" was actual |y
wor k conduct ed on mxtures of urobilinogen and ot her urobilinoids or

on different species altogether. For this reason, extrene caution

nust be exerci sed when examni ng t hese st udi es.

t hd of Anal

The first test for urobilinogen was devel oped in 1901 by

Ehrlich.” Wile worki Ng with p-dimethylaminobenzaldhyde (Ehrlich 's reagent)



I n concentrated HC1, he noticed that an intense red col or devel oped
with certain urines. Ehrlich correctly attributed this color to the
reaction of Ehrlich's reagent with urobilinogen. It was later dis-
covered that other substances in urine (indole and skatole deri vates)
gave identical results.
Several inprovenents were added to the procedure by Terwen in
1925.8 By repl aci ng concentrated HC1 w th sodi umacetate, the reaction
W th Ehrlich's reagent was found to be nore specific. Sodiumacetate
intensified the reaction product of Ehrlich's reagent and urobilinogen
(urobi | i nogenal dhyde) whil e decreasing the reactions between Hirlich's
reagent and the derivatives of skatole and indole. Another i nprovenent
was the use of ferrous hydroxide as a reduci ng agent in the urine sanpl es.
This prevented the oxidation of urobilinogen during the anal ysis
pr ocedur e.
I n 1935 anot her i nprovenent cane when Vét son repl aced diethyl

2 This allows for

ether with petrol eum ether in the extraction step.
a nore conpl ete renoval of urobilinogen with a | esser extraction of -
I nterfering substances.

Al though there have been several improvements, the anal ysis
10

of urobilinogen wth Ehrlich's reagent still has nany probl ens.
The naj or problemstens fromthe reaction of interfering substances
wth Bhrlich's reagent. Qher probl ens i nclude | ack of reproducibility
at | owurobilinogen concentrations and i nconpl ete extration of urobilinogen
fromuri ne.

To overcone the probl emof interfering substances, p-methoxybenzene
was substituted for Ehrlich's reagent,11 and the conpl ex whi ch forms

absorbs at 505 nm Several substances that interfere with Ehrlich's



11

reagent were found not to interfere wth p-methoxybenzene.

A though the interference problemis reduced w th p-methoxybenzene,
ot her conplications that occur wth the conventional nethod still
exist. The conpl exity and unpredicatabilty of both of these nethods

have prevented their w despread use in the clinical |aboratory. 12

D pstick Mt hod of Anal ysi s

The di pstick nethod nakes use of the reaction of Ehrlich's
reagent with urobilinogen. The dipstick is inpregnated wth
p-dimethylaminobenzaldayde and an acid buffer. Ascorbic acid is
added to the sanpl e as a reduci ng agent to stabilize the urobilinogen-
aldhyde conpl ex. A sodiumacetate solution is al so added to increase
the pH and mni mze the production of a colored product with indole and
skatole. The color of the strip is then neasured spectronetrically
or visually by conparing it wth a standard phenolsulfonephthalein
(p3p) solution. The nethod is sem-quantitative, since pure urobilinogen

cannot be obtai ned as a standard.
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GHAPTER III

Met hodol ogy

Procedur e
Cyclic voltammetry, el ectrochemcal synthesis, el ectrochem cal
detection, fluoronetry, Uv spectronetry, and H gh Perfornance Liquid
Chr onat ogr aphy (HPLC) were enpl oyed during the course of this work.
A though al|l nethods were not enployed in the final phase of the
project, they did serve to characterize and identify the chem cal
speci es under study. Therefore, these various procedures wll be

di scussed.

Gyclic Vol tanmet ry

Cyclic voltammetry is a versatile el ectroanal ytical techni que
that is used as a neans of studying redox states. This techni que
allows a wde potential range to be scanned for reduci bl e or oxidizable
species. The el ectrode potential at which a speci es undergoes reduction
or oxidation can be rapidly and precisely | ocated using cyclic
volta:nrne1~.z~y.13 This is often the first method used in any project
I nvol ving el ectrochem cal detection or synthesis. -

Gyclic vol tammetry consi sts of cycling the potential of an
el ectrode, suspended in an unstirred sol ution, and neasuring the
resulting current. The potential at this el ectrode(working) is
controlled relative to a reference el ectrode(such as a silver-silver

chloride el ectrode), and can be considered the potential excitation

signal.m The excitation signal first scans the potential in one



direction(negative or positive) until it reaches a presel ected val ue.
At this point, the scan directionis reversed and the scan then returns
to the original potential. This is a conplete cycle, but single or
mul tiple cycles can be used. The potential range that is scanned, as
wel | as the scan rate itself can easily be varied to accormodat e
different chemcal systens.

The infornation gathered by cyclic voltammetry i S represented
inthe formof a cyclic voltaimogram The resul ting voltammogram iS
anal ogous to the absorption spectrumfor UV spectronetry in that it
conveys infornati on as a funetion of an energy scan. A cyclic voltammogram
i s obtained by neasuring the fl owof current between the working and
auxiliary electrodes as a function of the applied voltage. Wen a
chem cal species present in the sol ution undergoes oxidation or
.reduction, thereis anincrease inthe flowof current. Thus, the
potential (excitation signal) at which a reduction or oxidation occurs -

can be identified by an increase in current (response signal).

H ectrochen cal Synt hesi s

H ectrochemcal synthesis is the |atest application of controlled
potential electrolysis. A though el ectrolysis has been used extensively
for nore than a century in the synthesis of netals fromtheir salts,
application to other areas of chemcal synthesis have been extrenely
limted. 1t should be noted that until recently the fine control of
the potential needed to obtain the desired product was not possible.

In classical electrolysis the only control avail abl e was provi ded
by appropriate selection of electrode material, solution acidity, and
supporting el ectrol yte. 15 Today, the use of nodern potentiostats and

related instruments al l owthe effective control of the potential at the
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wor ki ng el ectrode. This newtechnol ogy nakes possi bl e the use of a
w de range of sol vent systens and supporting electrolytes. By optim zing
the sel ection of supporting electrolyte, pHand el ectrode nateri al,
el ectrochemcal synthesis(or electrosynthesis) can provide a relatively
pure product .

A nore recent devel opnent in the field of el ectrosynthesis
IS the advent of the flowthrough el ectrochemcal cell. The flow
electrolysis cell is used to apply a controlled potential #o a
continuously flow ng sol ution, resulting in high efficiencies and rapid

16 The benefits of such a cell are naximzed when it is

el ectrol ysis.
coupl ed with other instrunentation, such as HPLC,
The design of the cell nust take into account several factors.

S nce the working el ectrode is the basic variable that controls the degree
of conpletion of a electrolytic process, selection of a working el ectrode
nmaterial is critical. The el ectrode sel ected nust provide a uniform
charge density over a large surface area and the desired potenti al
nust be wthinits potential wndow Qher requirenents include a stable
ref erence el ectrode, careful ly placed to mni mze unconpensat ed resi st ance
effects. The auxiliary el ectrode nust al so be carefully situated to
provide uniformcurrent distribution across the working el ectrode.
This is usual |y acconplished by placing the auxiliary el ectrode i‘ﬁ a
conpartnent isolated fromthe working el ectrode by an i on- porous
nenbr ane.

The adaptation of a flowthrough el ectrochemcal cell to the
pre-col um of HLC provides the ability to study conpounds difficult

to obtain by nore conventional neans. In nany cases commercially

prepared samples Of unstabl e species are not available. Therefore,
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all sanpl es must be prepared, when needed, by the reduction or
oxi dation of a stable precursor. The el ectrosynthesis of these species
by a flowthrough cell provides a superior pathway by of fering sanpl es

which are relatively pure and easily synthesized.

H gh Perfornmance Li qui d Chr onat ogr aphy

H gh Perfornance Li quid Chronat ography acconpl i shes the
separation of solutes in a sanple by passing it through a chronat ographi c
colum. HALC was devel oped fromcl assical |iquid chronatography as the
avai | abl e technol ogy grewin sophistication. Inthe original liquid
chr ormat ogr aphy experi nent, the nobil e phase was percol at ed t hrough t he
packing by gravity alone. Flowrates were, at best, a fewtenths of
amlliliter per mnute; this nade separations extrenely tine consum ng. v
As technol ogy progressed punps were added and partiecle Size decreased,
giving better and faster separations. Needless to say, the instrumentation
invol ved i s much nore conpl ex that the sinple devices of original
l'iquid chronat ography.

A basic HPLC systemconsists of a punp, injector, col um and
detector. The punp supplies a constant fl ow of sol vent (nobile phase)
at pressures up to 6000 psi. |In order to obtain reproducibleresults
the punp nust maintainthe flowwthin + 2 3, The injector is designed
to introduce a sanpl e of constant volune into the fl ow ng sol vent system
without interrupting the flowrate. The colum is by far the nost
inportant part of any HALC system By choosing the correct type of
col um packi ng naterial (ion exchange, reverse phase, etc.) separations

can be nade on the basis of different charges, shapes, or nol ecul ar

wei ght s dependi ng on the constituents to be separated. The detector



can al so be tailor-nade for the speci es under study. Sorme common

det ect ors i ncl ude Uv/vis spect rophot oneters, fluoroneters, nass

spectroneters, and el ectrochem cal cells. 18
Another nain feature of HPIC i s the nobile phase. The conposition

of the nobile phase, rather than that of the col um, can be varied

to neet specific experinental situations. Depending on the type of

col um enpl oyed, changing the polarity, ionic strength, or viscosity of

the nobi | e phase can have a dramatic effect on the retention tine and

t he separation of sol utes.

Rever se Phase HPLC

Rever se phase HPU is nost often enpl oyed in situations
i nvol ving organi c nol ecul es. A reverse phase HPLC t echni ques i nvol ves the
use of a non-pol ar stationary phase with a polar nobile phase. This has
the effect of allow ng polar nol ecul es to pass through the col um
qui ckly since they are not attracted to the stationary phase. The
| ess pol ar organi c species are retai ned on the colum | onger since they are
attracted to the stationary phase. B
The nost common type of reverse phase colum is conposed of

| ong chai n hydrocarbons bonded to silica. An exanple is show in

Flgure4.19 -
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F gure 4-Reverse (rtadecyl silica Phase Packi ng Materi al



The hydrocarbons vary in | ength from Cy to C,g, t hough | onger chain
nol ecul es tend to give better separation wth |onger retention tines.
The Cig colum is used extensively in the separation of closely

rel at ed biological Speci es. 20

Met hods of Detecti on

Inthis study three nethods of detection for HPLC were exam ned;
\A\pect rophot onetry, fluoronetry, and el ectrochemstry. A great deal
of work invol ving the use of spectrophotonetry and HPLC in the anal ysis

d. (21-23)

of bilirubin and rel ated speci es has been conduct e Before
usi ng VV\/spectrophotometry i n the detecti on node, an absorption spectrum
of the sanple in the nobil e phase nust be obtained to determne the
opti mal wavel ength for neasurenent. The detector nust be equi pped wth
a flowthrough cell so that the eluent comng off the col um can be
neasured. This type of detection offers several advantages, including
| owdetectionlimts and sinple operation. The nai n di sadvant age of
a V\Metector is poor selectivity, since nany conpounds have W
absor bances at the sel ected wavel engt h.

Anot her net hod t hat was exam ned was fluoroscence. The basic
di fferences' between fl uoronetric and spectronetric detectors are
selectivity and sensitivity. H uoronetric nethods nay be effectively

24 In fluoronetry, it

applied to sanpl es of muech | over concentrations.
IS possible to increase the concentration rel ated paraneter independent
of the power source. In spectronetry, this is not possible since the
concentration rel ated paraneter is the ratio of the neasured power to the
power of the source. Wsually, this gives fluoronetry a sensitivity of

two to four orders of magnitude greated than spectrophot onetry.
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Al though it is known that an inpressive nunber of bi ochem ca

a5

subst ances fl uoresce™, no work involving bilirubin or urobilinogen
could be located. To determine if bilirubin and urobilinogen fl uorescence
spectrummust be run for each species to determne the optimal excitation
and detection wavel engths. As in spectrophotometry, a fl uoroneter
with a flowthrough cell is needed to neasure the fluorescence of the
el uti ng nol ecul es.
The final nmethod of detectionto be examned is el ectrochem cal
An extensive treatnent of el ectrochem cal detection coupled with HPLC

is available in the Iiteralure.(26'28)

Briefly, electrochem ca
detection invol ves an oxi dation or reduction of the species under study
at the working el ectrode. The neasurement of the redox current versus
time gives the chronatogram The concentration of the el ectroactive
species is related to the amount of current produced.

The cell requirenents are very sinmlar to those of an
el ectrosynthesis cell. The working el ectrode naterial nust be careful ly
selected to function with the nobile phase i n use, the supporting
el ectrolyte used in the el ectrosynthesis and to provi de the needed
potential wndow The cell nust have a stable reference el ectrode, a
suitabl e auxiliary el ectrode, and al so contain a | ow dead vol une.

B ectrochenmi cal detectors are often able to measure nanogram
quantities, rendering this nmethod extremely sensitive. S nce the working
el ectrode is maintained at a control |l ed potential, only conpounds
el ectroactive at or bel owthat potential can be detected. This, then,

I's what gives el ectrochem cal detection the capability of excellent

selectivity.



19

Summary of Mt hods

Gyclic Vol tammetry was used to devel ope the el ectrochem cal
par anet ers needed f or electrosynthesis and el ectrochem cal detection.
A pre-col umm el ectrochemcal cell was constructed in an attenpt to
synt hesi ze urobi I i nogen fromthe reduction of bilirubin. Reverse-phase
HPLC with various nobi | e phases was used in an attenpt to separate
urobi linogen frombilirubin and other species present in urine. UV
spectronetry, fluorometry, and el ectrochemcal detection were expl ored

as net hods of detection.



CHAPTER IV

Material and Appar at us
Material s

A1l chemcals were ACS reagent grade or better and were used
w thout further purification. The nercury used in the hanging nercury
drop electrode (HMDE) and the electrosynthesis cel |l was Bet hl ehem
Triply Dstilled Mercury (Bethl enem Apparatus CGo., Hellertown, Pa.)

N trogen (Aireo, . ) which was used in the chemcal reduction
of bilirubin was dried by passing it through CaCl, col umms.

The bilirubin was a certified grade obtai ned fromHF scher
Scientific Go. (Fischer Stientific G., Fair Lawn, NJ 07410). It

was stored at OC in a dessicator.

Appar at us

A11 cyclic vol tammogr ans were generat ed usi ng a BAS CV-1B
cyclic vol tanmogr am (Biocanalytical Systens Inc., \Mst Lafayette, Ind.
47906) connected to an x-y recorder. The el ectrode system enpl oyed in
the reduction studies consisted of a HMDE working el ectrode (Figure 5,
a plati numauxiliary electrode, and a silver/silver chloride (Ag/ﬁgCl)
reference el ectrode. For the observation of oxidation reactions, the
wor ki ng electrode was changed to a pl ati numel ectrode whil e the

auxiliary and reference el ectrodes renai ned the sane.

H gh Perfornance Li qui d Chromatography

A Beckman Mbdel 110A HPLC punp coupl ed with a Beckman Mdel

210 sanpl e injection val ve (Beckman Scientific ., Fullerton, Ga. 92634)
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Figure 5-Hanging Mercury Drop Electrode (H.}.D.E.)



were used for all HPLC studies. A prepacked C,g reverse- phase col um
and a MPLC guard col urm fromBrownlee Labs (Brownlee Labs, Ine., Santa
Qara Ca. 95050) were enpl oyed. Detection was provided by a H tachi
Mbdel 100-10 W Vi s spect rophot onet er (H tachi LTD, Tokyo, Japan).

The nobi | e phases were filtered through a 0.5 um MI1ipore filter

prior to use.

H ectrosynt hesi s Cel |

The el ectrochenical cell shown in Figure 6 was constructed of
two 2-inch(5.1 em) dianeter plexiglass cylinders and a pl exi gl ass
tude (5.1 cmouter dianeter and 4.4 cminner diameter with a length
of 46 cn . The top plexiglass cylinder was cut to a |l ength of
3.2 cmand the bottomcylinder to 51 cm Approxinately 16 cm of
each cylinder was nachined to a dianeter slightly less than 4.4 cm
allowing themto fit into the plexiglass tube. A 1/5inch(0.51 cn)
di aneter channel was drilled through the center of each cylinder. 1.6 cm -
of this vertical channel was then enlarged to a dianeter of 4 inch
(0.64 cm) on the nachined end of each cylinder. A 1/5inch (0.51 cn) -
di aneter horizontal channel was made 3.0 cmfromthe base of the bottom
pl exi gl ass cylinder. This horizontal channel progresses through the
cylinder until it intersects the vertical channel. A+ inch(0.64 cn)
vertical channel is nmade through the top plexiglass cylinder to
accommodat e t he Ag/AgCl reference el ectrode. Next a 4.6 cmlength of
vycor tubing (0.6 em outer dianeter, 0.4 cminner dianeter) sealed with
two o-rings is inserted into the vertical channels on the nachi ned end
of each plexiglass cylinder. The vycor tubing is then wapped wth
25-gauge silver wre and the entire assenbly is held together with three

stainless steel bolts(not show). The joints forned between the



A < '
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A HPIC Fitting: sanple solutioninlet
B Mercury Pool: working el ectrode
C PlatinumWre: |ead to working el ectrode
D VWycor Tubing
E 10 MKCL solution

F. Silver Wre: auxiliary el ectrode
G Silver-Silver Chloride El ectrode: reference el ectrode
HPLC Fitting: solution outlet

. Orings

Figure 6- El ectrosynthesis cell for HPLC
(cell shown without bolts used for conpression)



pl exi gl ass cylinders and the plexiglass tube are seal ed with parafin
vax. The inlet and outlet ports of the cell were made with two stainl ess
steel #PLC fittings(Udchurch Scientific, Gak Harbor, V. 98277). The
hori zontal channel is capped by a small cork with a plati numw re through
the center of it.

Onhce the cell is assenbl ed the horizontal channel is filled
with nercury until the level reaches the inlet port. Next the chanber
created by the plexiglass tube is filled(through the reference el ectrode
channel) with 1.0 MKC1. The reference el ectrode is then inserted,
making sure its tipis subnerged in the KCL solution. Connection wth
the inlet and outlet ports is nade w th Autoanal yzer punp tubi ng
(Techni con Corp., Tarrytown, NY  10891). The flowthrough the cell
was generated by an Autoanal yzer Proportioni ng Punp (Technicon | nstrunents,
@., Tarrytown, NY  10591). Al potentials were applied with a
BAS SP-Z Potenti ostat (B oanal ytical Systens, Ine., st Lafayette, Ind.

47906) .

M scel | aneous Appar at us _

A Beckman Mvddel 26 Dual Beam W Vi si bl e Spect r ophot onet er
(Beckman Scientific, Co., Fullerton, Ca. 92634) was used for all
absor ption spectra.

A Turner Spectrofl uoroneter, Mdel 430, (GK Turner Associ ates,
Inc., Palo Alto, Ca,) was used to determne the absorption and

fl uorescence spectra of urobilinogen and bilirubin.



CHAPTER V

Experi nent al

Gyclic Voltammetry

The first experinent conducted during the development of
an el ectrosynthesi s procedure was cyclic voltaxnetry. It was used
to determne the nost suitable supporting el ectrolyte, the el ectrode
systemneeded for synthesis and the potential at which synthesis
OCCUrS.

To determine the best possibl e cambination of working el ectrode
material and supporting el ectrol yte, cyclic voltammograms were performed
on several different conbinations. GCyclic voltammograms were first
obt ai ned usi ng each supporting el ectrol yte-worki ng el ectrode conbi nati on
studi ed to account for any background current. [irubinwas then added
to each systemand reduction attenpted.

l'irubin solutions used in the cyclic voltammetry studi es were
prepared by dissolving 10 mg of bilirubin in 100 mL of supporting

electrolyte. The pHof the supporting electrolyte was raised to

8.0 Wth NaOH to increase the solubility of bilirubin.
sol uti ons were deoxygenated by bubbling dry nitrogen through themfor
approxi nately thirty mnutes.

The auxiliary and reference el ectrodes, plati numand
Ag/AeCl respectively, were used for all systens. The potential scan
rate used for all cyclic voltammograms was 0.1 V/minute.

The three working el ectrode naterial s used were plati num (pt),

A assy Carbon, and Mercury. The supporting el ectrol ytes enpl oyed were
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10 Mkc1, L0 Mxwo,,, and 05 MNa,S0,. The results are |isted

3
in Table 1
These results served to establish the paraneters needed to
synt hesi ze urobi | i nogen by reducing bilirubin. 1t was determ ned
that 0.5 MNa,s0, shoul d be the supporting el ectrolyte and that the
wor ki ng el ectrode shoul d be constructed of nercury. The cyclic voltammo-

grans of 0.5 MNa,s0, with and wi thout bilirubin are shown in Figures

7 and 8

H ectrosynt hesi s Cal |

The el ectrosynthesis cell was constructed as described in
Chapter III and shown in Figure 8 (nce the cell was conpl eted, a
series of tests were conducted tO determine if the cell was functioning
and i f urobilinogen was i ndeed bei ng produced.

A cyclic voltammogram utilizing the el ectrosynthesis cell as
the el ectrode systemwas performed. A solution of 10 mg/100 mL of
bi l'i rubin was prepared using 0.5 MNaZ,so4 (pH=8.0). The inlet port
of the cell was sealed and filled with the bilirubin/NaZSOu sol ution
whi ch had been previously deoxygenated. The potential scan rate was
Q1 V/minute. The resulting cyclic voltammogram is shownin Figure 9,
It was | earned while attenpting this procedure that the cell takes
approximately 15 minutes to equilibrate after the sol utions and reference
el ectrode are in place.

To confirm that urobilinogen was actual |y bei ng produced a
series of absorption spectra were perforned. A solution of 1 mg/100mL
bilirubinwas prepared in 0.5 MNagso4 (pH=8.0) and a spectrum scanned
from600 nmto 210 nmwas obtai ned. The sane sol uti on was t hen pl aced

inthe electrosynthesis cell (wth the inlet port still seal ed) and



TABLE 1

VWRKI NG ELECTRCCE = SUPPCRTI NG ELECTROLYTE GOMBI NATI ONS

Vér ki ng B ect rode Supporting Cat hodi ¢ Reduct i on of Potential at
Mat eri al Hectrolyte Limt l'i rubi n Cbser ved Reduct i on

Pl ati num 1.0 MKCY -08YV No —

P ati num 1.0 MKNO3 -0.8V 1N e —

P ati num 0.5 MNa_s0, -0.9vV Nb —

@ assy Carbon 1 0 MKCL -1.2V o J N [ ——

@ assy Carbon 10N KNO3 -1.0V No ——

3 assy Carbon 0.5 M Na,S0,, -14 vV No ———

Mer cury 10 MKC1 -0.7V N I e —

Mer cury 10 M kN0, -14v No ———

Mer cury 0.5 M Na,S0,, -L9vV Yes -7V

L2
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potentiostattedto -1 /5 v, The reaction was allowed to continue for

S nmnutes. It was observed that when the sol ution was renoved the
deep orange col or of bilirubin had di sappeared and the sol ution was
now col orl ess. A spectrumwas determned on this sanple i mmedi ately to
prevent any appreciabl e oxidation. The results are shown in Fi gures
10 and 11.

The sane procedure was then conducted wth a fl ow ng systemin
the electrosynthesis cell. The cell was potentiostattedto -1.75 V and
the flowinitiated, the rate of flowbeing approximately 0.5 mL/minute.
The initial bilirubinsolution(l mg/100 mL) gave the identi cal
spectrumas before, however, the spectrumagiven by the urobilinogen sol ution
was slightly different. The spectrumshowed a snmal|l peak at 450 nm,
indicating that 100 # conversion did not take place. The spectrumis
shown in Fgure 12. Attenpts to obtain better conversion by slow ng
the flowrate proved ineffective.

In order to positively identify the product of the electro-
synthesi s, a standard procedure was used to prepare urobilinogen so -
that conparison coul d be nade.

The chemcal reduction of bilirubinwas acconplished by using
3 % sodiumanal gam This was prepared by reacting 3 g of sodi um’pel lets
With 75 ¢ of mercury.’' Dueto the extrenely violent nature of this
reaction, it was perforned under a fume hood. To mnimze the rate of
reaction, the sodiumpel |l ets were added one at a tine, wth subsequent
additions only after the previous pellet had reacted. The reaction
mxture solidified upon cooling, after which it was heated until nolten,
and again allowed to cool for at |east one hour. The product was then

pul veri zed and rinsed with deionized water. Next, it was washed with
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two 25 mL aliquots of ethanol followed by two 25 mL portions of ether.
The product was then dried overni ght under vacuumin a dessicator and was
thereafter stored in the dessicator.

A sol ution containing 50 mg of bilirubin dissolved in8 mL
of Ho and 2 mL of 1 MNaoK was prepared. 10 g of 3 % sodi um
anmal gamwas added to the sol ution, which then was mixed using a nagnetic
stirrer. The reaction progressed under nitrogen for two hours.

After the reaction was conpl ete, the deep orange col or of bilirubin
had been repl aced by col orl ess urobilinogen. A spectrumof this
sol uti on was then obtai ned and was found to be identical to the spectrum

of el ectrochemcal |y produced urobilinogen.

H ectrocheni cal Detecti on

The first nethod of detection that was considered was el ectro-
chemcal detection. S nce the electrosynthesis cell did not give
100 % conversion of bilirubin to urobilinogen, it had becone necessary
to develop a nethod that coul d be used to accurately detect both
Speci es.

Again, cyclic voltamrmetry was used to determine the feasability
of an el eotrochemcal process. Wile sone |atitude existed in tre
choi ce of the working el ectrode naterial, the choi ce of supporting .
el ectrol yte had al ready been dictated by the el ectrosynthesis cell.
S nce el ectrochemcal detection can nake use of either oxidation or
reduction reactions both were expl ored for possibl e application.

To determine if reduction reactions were feasible, cyclics
were run on urobilinogen since the reduction potential for bilirubin

had been previously determned. A solution of urobilinogen was prepared



by placing 2 mg/100 oL solution of bilirubinin 0.5 MNazsou (pH=8.0)
into the el ectrosynthesis cell, which was potentiostatted at -1 75 V.
The reaction was allowed to progress for approxi nately tweleve m nutes.
The col orl ess product was renoved fromthe cell and transferred to

the cyclic voltammetry apparatus. A cyclic voltammogram was obtai ned
usi ng BMDE wor ki ng, plati num auxiliary and Ag/AeCl reference el ectrodes.
Nb reducti on wave was obt ai ned.

Next, the possible use of an oxidation reaction as a nethod of
detection was explored. P atinumand gl assy carbon were chosen as
possi bl e worki ng el ectrodes. Gyclic voltammograms were obtai ned for
both naterials in 0.5 MNa,s0, to |ocate the anodic limt and identify
background current .

A cyclic voltammogram was obt ai ned usi ng pl ati numwor ki ng,
plati numauxiliary and Ag/agcl reference el ectrodes on 0.5 MNazsob,
(pH=8.0). There were no background currents observed and t he anodi c
limt was located at +1.8 V. A 1l mg/100 =L solution bilirubinin
0.5 MNa S0, (pH=8.0) was placed in the el ectrosynthesis cell which vas
then potentiostatted at -1.75 V| The reaction was all owed to progress
for approxinately five mnutes. The col orl ess product was renoved
fromthe cell and inmedi ately transferred to the cyclic vol tametry
apparatus. The results showed the oxidation of urobilinogen at
+0.4\/ The cyclic was allowed to continue for several mnutes. The
sol uti on ehanged fromcol orl ess to yel | owindicating that urobilinogen
was bei ng oxidized to urobilin. The cyclic voltammogram i S showen in
Fgure 13,

The oxidation of bilirubin to biliverdin was attenpted for both

working el ectrode naterials. A 1 mg/100 mL solution of bilirubinin
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0.5 M Na, SOy (pH=8.0) was prepared and cyclic voltammograms run. No
oxi dati on wave was obtai ned for either platinumor glassy carbon el ectrodes.

These findings are consistent wth previous work done by Himans. 32

Fluorometry

The second net hod of detection that was examned was fluorometry.
It was noted fromthe literature that several urobilinoids forma zinc
conplex that is highly fluorescent. - However, no work coul d be
| ocat ed to whet her urobilinogen or bilirubinreacted to forma fl uo-
rescent conpound i n aqueous sol ution. A series of activation and
em Ssi on spectra were constructed to determine the feasibility of this
net hod.

S nce the presence of dissol ved oxygen can reduce the intensity
of light emtted by a fl uorescent compoundBu, all solution were
deoxygenat ed wi th ni trogen before use.

U obi | i nogen sanpl es were prepared by the el ectrosynt hesi s
cell from!l mg/100 mL solutions of bilirubinin 0.5 MNazsou (pE=8.0).
The conpl ex of urobilinogenwith zinc is forned in an al coholic zinc
acetate sol ution, which was nmade from1 g of zinc acetate dissolved in
one liter of 30 % ethanol -70 Z water (at this stage, 30 $. et hanol -

70 % H,0 was thought to be the nost probabl e nobile phase). -

Aone mlliliter aliquot of the electrochemically prepared
urobi | i nogen sol uti on was added to nine mlliliters of the al coholic
zinc acetate solution and allowed to stand for five mnutes. The
excitation spectrumwas then run from300 nm to 600 nm Several
spectra were run at various scan rates to obtain the best results.

It was thereby determined that the fluorescence is activated by a
broad band of |ight between 375 and 495 nmwith a peak at 440 nm,

This activation curve is shown in Fgure 14.
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The sane sol ution of urobilinogen and al coholic zinc acetate
was used to obtain an em ssion spectrumscanned from 300 to 600 nm.

It was | earned that the fluorescence occurs from400 to 510 nmwith a
peak at 460 nm as shown in Figure 15

It was noted that these sol ution had an extrenely |imted
lifetine. After about 15 mnutes the col orl ess sol uti on began to
turn yel l owand the fl uorescence decreased significantly. Thisis
probabl y due to the oxidation of urobilinogen to urobilin.

AQ5 M Na_S0,-aleoholic zinc acetate sol ution was tested for
background spectra. No peaks were observed.

To determine the fluorescent ability of bilirubina 1 mg/100 mL
solutionin 05 MNa,so, was prepared. Qe nilliliter of this solution
was added to nine milliliters of the al coholic zinc acetate sol ution
and allowed to stand five minutes. Several spectra were obtai ned by
varying both the emssion and excitation wavel engt hs bet ween 300 and
600 nm No fluorescence, however, was detected. Varying the concentrations
of both zinc acetate and bilirubin failed to produce any significant .
f | uor escence.

Snceit is known that sol vent polarity and pH have i nportant
i nfl uences on fl uorescence, both of these parareters were varied in an
attempt to cause bilirubin to fluoresce. N

An increase in polarity of a solvent systemoften serves to
enhance fluorescence. Therefore, the polarity of the sol vent was i ncreased
by replacing 30 & ethanol and water with 10 % ethanol and water. Al
other paraneters renmai ned the same. No bilirubin fluorescence was

obser ved.

H uorescence is often pH dependent. The initial pHof the
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al coholic zinc acetate solution (30 % ethanol -70 % water) was 6. 3.
By addi ng smal | anounts of NaOH the pHwas raised to 8 and 10 The
procedure was carried out as before, and as before bilirubin produced

no fluorescence in either the pH 8 or pH 10 al coholic zinc acetate sol ution.

UV Speetrometry

The final nethod of detection that was investigated was VW
spectronetry. From the spectra shown in Figures 10 and 11 it can
be seen that both bilirubin and urobilinogen absorb at 260 nm S nce
\/\absorption provided the only nethod abl e to detect both species
It was chosen as the detection net hod.

Because such a | arge nunber of substances absorb in the
ultraviol et reagion, all nobile phases considered had to be tested

for possible interference.

Mbbi | e Phases for HPLC

Wth all other paraneters determned, the choi ce of the nobile
phase needed to provide for the separation of urobilinogen from
bi l'irubinwas sought. The set-up was constructed(shown in Fgure 16
using the el ectrosynthesis cell to produce the urobilinogen and a
UV spectroneter as the detector.

Al t hough several different nobile phases were enpl oyed, t_ﬁe
renai nder of the set-up was unchanged unl ess ot herw se specified. The
flowrate used in all attenpts was 10 mL/minute and sol vents and
sanpl es were prepared fresh prior to use. Wen injecting urobilinogen

(in 20 ul aliquots), the electrosynthesis cell was potentiostatted at

-1.75 V with a continuous flowrate of approxi nately 0.6 mL/minute.
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40 % Methanol/Water

The detector was set at 260 nm and 0. 02 absorbance units
full scale. A 20ul portionof 1 mg/100 mL bilirubinin Q5 M Na,S0,
(pH=8.0) was injected. This gave an extrenel y broad peak coupl ed wth
a narked rise in the pressure on the columm. After several m nutes,
t he absorbance returned to basel i ne.

The el ectrosynthesis cell was then used to provide a 20 1
I njection of urobilinogen. Again a very broad peak appeared. To deternine
I f this peak was due to urobilinogen or uncoverted bilirubin the
wavelength was changed to 450 nm At this wavel ength urobilinogen
woul d give no response. Another 20 ul urobilinogen sanpl e was i nj ect ed.
The broad peak was observed, indicating that it was unconverted
bilirubin adhering to the colum and that urobilinogen either cane of f
w th the solvent front or its effect could not be seen due to the

intensity of the bilirubin peak. Results are shown in Figure 17.

50 % Methanol/H 0

Aslightly |l ess pol ar sol vent was used under the sanme ex- -
perinental conditions. Aninjection of 20 m1 of bilirubin gave a
peak at 33 minutes. king the el ectrosynthesis cell, 20 ul of
ur obi | i nogen-bi |'i rubi nsolution was then injected. This produced
two peaks at approximately 2.8 minutes that ran together. |n order
to determne the identity of the two peaks the wavel ength was
sw tched to 450 nmand anot her injection nade. This showed bilirubin
was retained the longest. The results are shown in Figure 18
An attenpt was nade to obtain better separation by decreasing -

the flowrate to 0.7 mL/minute. An injection of 20 .1 of urobilinogen-
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bilirubin solution was nade. There was no significant change in
peak shape al though there was a slight increase in retention time.

A buffer solution was added in an attenpt to increase the
separation and stabilize the conpounds. The buffer was prepared by
mxing 28 oL of 0.5 MEKH,PO, and 32.4 of 0.5 MNa,HPO, and diluting
toone liter with deionized water. This solution was used in pl ace
of pure water for the 50 % net hanol nobile phase. Repeated injections
provi ded no enhancenent of peak separation. A stronger buffer was
nmade with an ionic strength of Q1 and a pHof 7.60(1L5 oL of 0.5 M
KH,P0, and 62.8 mL of 0.5 ¥ NaHPO, diluted to one liter). This also

failed to significantly inprove the separation.

680 % Methanol/Water

The nobi | e phase was then changed in an attenpt to obtain
better separation. A 20 ul injection of bilirubinwas nade and a
peak appeared after approxi nately mnutes.

A urobilinogen-bilirubin solution(generated by the electro-
synthesis cell) was then injected. A small peak resulted after 25
mnutes. To identify the peak the wavel ength was switched to 450 nm
and another injection nade. This yielded a peak at 25 mnutes.

No urobilinogen peak was | ocated using this nobile phase.

55 % Methanol/water

The results fromthis nobil e phase natched those gi ven by

60 % Methanol/Water.

45 ¢ Methanol/Water

An attenpt was nade to inprove the results obtained wth the

50 % net hanol sol ution whil e avoi ding the probl ens generated wth



47

| TOURURSW ¥ 0G |
UT SUOTINTOS UTQNITTTH/USSOUTTTQOL PUB UTQNITTIG JO SWRIFO3BWOIYD-g| oInITd

S9INUTW UT SWTJ, UOTIUSLY .

L 9 S f ¢ 2 L

T ¥

™

Y T
urqQuaTTTd | ,.sess}azs.,s}{sj\

/usdourrrqoan

fs}fsrfzﬁ%isiﬁ e

UTAnITTTE %E __}{3? Mameal] (N

asuodsay 10390843



48

the 40 % net hanol and water nobile phase.

Aninjection of 20 m1 of 1 mg/100 mL of bilirubinin 0.5 M
Na, S0, (pE=8.0) with 45 % net hanol and water as the nobil e phase
gave resul ts almost i dentical to those given with 40 % net hanol and
wat er .

To determne if an excess anount of bilirubin was responsibl e
for the loss of colum efficiency the injection vol une was reduced to
5al. The resulting graph showed the sane type of peak broadi ng and
i ncrease in colum pressure as before. The anount of bilirubin being
i njected was further reduced by diluting the solutionwth 0.5 M
Na,S0,, . Several different concentrations were prepared and i nject ed.
Wien the concentration reached 10 % of the original solution(01 mg/
100 oL bilirubinin 0.5 ™ Na,S0,) the only peak detectable was that of

the solvent, 0.5 MNazsol;'

Acetonitrile-IMSO-Water

Anot her nobi | e phase that was tried was acetonitrile-IM30-Water,
The instrunentati on was the sane as enpl oyed in previ ous studi es except -
for a decrease inthe sensitivity of the Uv detector. S ncethis
sol vent systemgave much greater background noi se, the sensitivity

was changed to 0. 1-absorbance units full scal e.

30 % Acetonitrile-30 % DMSO-40 % 829_

An injection of 20 m1 of 1 mg/100 mL sol ution of bilirubin
in05 M©Na_s0, (pB=8.0) gave a peak after 40 ninutes

Next a urobilinogen~bilirubin sol ution, generated by the
el ectrochemcal cell, produced a nuch | arger peak at approxi nately
4 mnutes. To positively identify this peak the wavel ength was shifted

to 450 nm and anot her injection nade. This yielded a mach snal | er



peak. The much | arger peak was therefore due in part to urobilinogen,
whi ch has a nuch greater nolar absorptivity at 260 nmthan does
bilirubin. The resulting chromatogram is shown in Figure 19

Q her nobil e phases attenpted where 20 £ acetonitrile-20 %
DMS0-60 % H,0 and 25 % acetonitrile-25% DMSO-50 % H,0. Bot h systens
failed to produce narrow peaks, but produced instead extrenely broad
peaks that |asted several nminutes. This, coupled with arise in
pressure, indicated that at | east one species was adhering to the

col um.
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GHAPTER VI

Experinental Results and D scussion

Electrosynthesis of Urobilinogen

An el ectrochemcal cell which reduces bilirubin to urobilinogen
was successful |y constructed. The experinental results and ot her
factors that contributed to the design and function of this cell wll

be di scussed in this section.

Gycli c Voltammetry

The results of cyclic voltammetry studies were used to provide
the key paraneters necessary to construct and operate the electro-
synthesis cell. From the data generated by this nethod, the supporting
el ectrol yte, working el ectrode material, and operating potential were
suggest ed.

Three common supporting el ectrol ytes were sel ected as possi bl e

choi ces. These were 1.0 Mkc1, 1.0 MKNO,, and 0.5 MNazsou. Bot h

3’
the 1.0 MKCl1 and the 1.0 Mlmo3 proved to be unsuitabl e since hydrogen
overvol tage occured wel | before the reduction of bilirubin when gl assy
carbon or plati numel ectrodes were used. Wen a nercury working el ectrode
was used, highly negative potentials resulted in the reduction of

K+ ions in agqueous sol utions and the formati on of an anal gam 35 This
inturn was foll oned by an irreversible, hydrogen-yieldingreaction

due to the anal gamdi ssol ution reaction of the alkali netal with water.

The evol ution of hydrogen, along with the current fl ow needed to reduce

K+ 1ons, prevented the systemfromreaching a potential high enough to



reduce bilirubin. For these reasons, no fornation of urobilinogen
coul d be observed for .0 MKCL and L0 M }Qx}og supporting el ectrol ytes
w th the nercury working el ectrode.

The remaining el ectrolyte, 0.5 MNa,3S0,, allowed for a potential
hi gh enough to reduce bilirubin only when using the nercury el ectrode.
Wien enpl oyed with either the gl assy carbon or the platinumworki ng
el ectrode, hydrogen evol ution occurred prior tothe reduction of bilirubin.

Three naterial s were considered for the working el ectrode:
pl ati num gl assy carbon, and nercury. The consideration of platinum
and gl assy carbon el ectrodes reflected the desire for a solid working
el ect r ode.

A though it was known that plati numhas a snal|l overpotenti al
for hydrogen, it was chosen for its inert nature, ease of nachi ni ng
and fabricating, and durability. However, platinumcoul d not be used
to attain a sufficient potential wth any supporting el ectrol yte and coul d not
therefore, be used for the reduction of bilirubin.

3 assy carbon was al so examned. Athough it could be used to
attain a nore negative potential than platinum it could not be used to
reduce bilirubin with any of the tested supporting el ectrol ytes.

Mercury was chosen specifically for its ability to avoid

hydr ogen evolu’(:ion.36 Wen tested with LO M KC1 and 1. O M KNO,,-no

3
reduction of bilirubin was observed (for reasons previously cited).
However, when tested with 0.5 M©Na,S0, as the supporting el ectrol yte,
a negative potential high enough to reduce bilirubin was attai ned.
Gyclic voltammetry results not only indicated the supporting
el ectrol yte and working el ectrode naterial appropriate for the electro- -

synthesi s of urobilinogen, but al so were used to determne the potential

at whi ch synthesis occurs. Using a nercury working el ectrode (HYDE)
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and 0.5 MNa2304 as the supporting el ectrolyte the reducti on potenti al

for the conversion of bilirubinto urobilinogen was determned to be

-1.7 V versus Ag/AgCl. (Figure 8

H ectrosynt hesi s Cel |

The cyclic voltammogram obtai ned utilizing the electrosynthesis
cel | devel oped forthis study as the three-el ectrode system provi ded
evi dence that urobilinogen was bei ng produced. The cyclic vol t ammogr am
closely resenbl es those run w th conventional el ectrode systens on
bilirubin. The reduction peak at -1.7 Vis easily detected. A
conpari son of Figures 9 and 10 shows that while the shapes are very
simlar, the voltammogram produced by the el ectrochemcal cell has a
much greater slope. This is due to greater resistance caused by the
non-ideal configuration of the el ectrodes.

To aquire further evidence that urobilinogen was bei ng produced,
absorpti on spectra were obtai ned on sol utions of bilirubin, tw electro-"
chemcal |y produced urobilinogen sanpl es and chemcal | y generat ed
ur obi | i nogen. l'irubin solutions gave strong absorption at 260 nm
and 450 nm, The urobilinogen produced i n a hydrostatic system (non-
fl ow ng) showed absorption at 260 nm. The urobilinogen produced in the
cell wth a flow ng systemgave a strong peak at 260 nmand a much
weaker one at 450 nm, indicating that 100 £ reduction of bilirubin
to urobilinogen had not taken place. The chemcally produced urobilinogen
gave a large peak at 260 nm and a srmal |l peak at 450 nm

The resul ts indicated that urobilinogen was bei ng gener at ed
by the el ectrosynthesis cell, and coul d be used as a workabl e standard
with the cell constructed and its operating paraneter devel oped, the

first phase of the project had been conpl eted. The results obtai ned
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up to this point were used to direct the renai nder of the project.

H gh Perf or mance Li qui d Chr onat ogr aphy

S nce the el ectrochemcal cell did not yield 100 # conversion,
It was necessary to separate urobilinogen and bilirubin before detection.
The separation was required since the only wavelength at whi ch urobilinogen
can be detected(260 nm) is al so strongly absorbed by bilirubin.
Al though the amount of urobilinogen forned coul d al so be determ ned by
neasuri ng the decrease i n absorbance at 450 nm, this nethod woul d be
unsui tabl e for quantifyi ng sanpl es cont ai ni ng unknown anount s of
urobi I inogen. Thus, separation proved to be the best nethod of detecting
ur obi | i nogen.

A known concentration of bilirubinwould be injected onto the
HPLC with the el ectrochemcal cell turned off; the detector response
woul d then be quantified. Next, the sane bilirubin solution would be
injectedwth the cell turned on, and the HPLC separating the unconverted
bilirubinfromthe urobilinogen, would yield two separate detector
responses. The anmount of bilirubin that has not undergone reduction
can then be determned. Fromthis, the anount of bilirubin that was
reduced can al so be determned; this is the concentration of urobilinogen.
The detector response can then be quantified for urobilinogen. Wen
unknown sanpl es were injected(wth the cell off), the HLC would
separate urobilinogen frominterfering substances, and the resul ting
det ect or response woul d yi el d the concentration of urobilinogen. Thus,

a wor kabl e standard for urobilinogen can be produced.

H ectrocheni cal Detection

The possibility of devel opi ng an el ectrochemcal cell capabl e



of detecting urobilinogen and bilirubin was explored. Both reduction
and oxi dation reactions were tested for possible use in detection

For the attenpted reduction of urobilinogen, mercury was used
as the working el ectrode material since it had al ready been successfully
enpl oyed in the reduction of bilirubin. A though several different
concentrations and scan rates were used, no reduction of urobilinogen
coul d be produced.

For the oxidation reactions two working el ectrodes were tested
for possible use with 0.5 MNazsou (pH=8.0) as the supporting el ectrol yte.
Sodi umsul fate was chosen prinarily for the conveni ence of using the
sane supporting el ectrolyte as the el ectrosynthesis cell. A'so, it had
been noted fromearlier cyclic voltammograns(conducted during electro-
synthesis trials) that Na,S0, had no serious oxidation wave.

A pl ati numwor ki ng el ectrode was enpl oyed i n cyclic vol t ammogr ans
wi th urobilinogen and bilirubinin 0.5 NﬂNazsou. The anodic [imt of
plati numin 0.5 MNa,50, with a pH=8.0 was +1.8 \[ The pHwas then
lowered to 7.5 to increase the anodic limt; this increased the range
to +2.0 V. The oxidation of urobilinogen was |ocated at +0.4 V at
either pH but no oxidation of bilirubin could be produced, although
several differing concentrations and scan rates were attenpt ed.

A glassy carbon el ectrode was al so tested for possibl e usage.
The anodic limt in 0.5 I\/INazso4 (pH=8.0) was +1.2 V. Increasing
the pHto 10 had no discernible effect. The oxidation wave for
urobi | i nogen was | ocated at +0.4% V for both pH val ues of 0.5 M Na,SO,, .
No oxidation of bilirubin was observed.

The | ack of an oxidation wave for bilirubin or a reduction

wave for urobilinogen nakes electrochemical detection inpractical for



this project. S nce it would not be possible to detect both species,

no further work in this area was pursued.

Fluorometry

The fl uorescent characteristics of urobilinogenin an
al coholic zinc acetate sol ution were determned usi ng activation and
emssion curves(Fg. 14. The activation curve showed the peak
activation at 440 nm. The enission curve showed 460 nm as t he maximum
em ssi on wavel ength. The overlap of the activation and em ssi on
curves i S unusual , although the relative cl oseness of the activation
and em ssi on peaks i s conmon.

Next, the fluorescent nature of bilirubinin alcoholic zinc
acetate was examned. The conditions under which urobilinogen fl uoresced
failed to produce detectable results for bilirubin. In an attenpt to
I nduce the fluorescence of bilirubin, the polarity of the sol vent was
increased. Both emssion and activation curves were taken, but no
appr eci abl e change was shown. Next, the pHwas increased to 8 and t hen
to 10; this also failed to produce any significant change in the spectrum.

A though bilirubinis known to fluoresce in tre absence of
zine37, the results showthat the formati on of the bilirubin-zinc
conpl ex3* preventsits fluorescence i n aqueous sol ution. However.,
urobilinogen does not fluoresce unless zinc is present. 39 since the
detection requi renent s incl ude neasurenent of both urobilinogen and
bi l'irubi n simultaneously, further investigationinto this nethod was

abandoned.

UV Spectronetry

't had been previously determned that both urobilinogen and
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bilirubin have strong absorption peaks at 280 nm (Figures 11 and 12).
Thi s nethod was not immediately enbraced because of the large nunber
of interfering substances thatabsorb in the UV region. This nethod,
however, provi des a simple and reliable way to detect both speci es.

Therefore, it was the nmethod of detection employed for the remai nder

of the project.

Mbbi | e Phases for HPLC

Mbbi | e phases were selected that had been used in earlier
research projects to separate chemcal species similar t0 urobilinogen

40,41 Care was exercised to use nobi |l e phases that were

and bi | irubin.
compatable W th Ci8 col ums and would not interfere with \V\detecti on.

Pol ar sol vents were expl ored since the polarity of the mobile
phase often strongly affects the tendency of conpounds to be retai ned
on the colum. It has been reportedb2 that careful adjustnent of sol vent
pol arity allows for the separation of closely related bile pignents by
rever se- phase HPLC, The exact nechani smof separation is uncertain,

but is thought to invol ve varyi ng degrees of adsorption and partitioning-

on the column.

40 % Methanol and \Mt er

Because nost of the know edge in this fieldis enpirical;-the
choi ce of solvent polarity for a given separation nust be nade on a
trial-and~-error basis, The selection of 40 & nethanol and water was
purely arbitrary.

The results indicate that this nobile phase was too pol ar and
bilirubin was strongly associating with the colum, due either to

absorption on free silanol sites or to a strong partitioning of hydrophobic
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bilirubininto the hydrophobi c bonded phase. The binding onto the
col um was shown by i ncreasing pressure and broad peaks | asting
several minutes. (Fig, 17)

Wien sanpl es contai ning bilirubin and urobilinogen were
injected no clear concl usions coul d be drawn since no urobilinogen
peak could be located. This could have been due to urobilinogen
comng off either wth the solvent front or at the sane tine as the

bi | i rubi n peak.

50 % Met hanol and Vit er

The pol arity of the sol vent was reduced using 50 % net hanol
inwater in an attenpt to prevent bilirubinfromstrongly adhering to
the columm. Injections of bilirubinyielded a good peak and showed no
Increase in colum pressure. Next, an injection of bilirubin-urobilinogen
solution was nade in an attenpt to achi eve separation. The results
showed sone separation, but it was insufficient for a quantitative
neasurenent. (Fig. 18)

In order to gain better separation, the flowrate was -
decreased to Q7 mL/minute. The retention tine increased slightly for
bot h speci es, but no enhancenent of separation was evident.

The addition of a buffer to the aqueous portion of the mobile
phase provided a constant pH It was thought that perhaps bilirubin
and urobilinogen were remaining wth the sol vent (0.5 MNayso0,) because
they preferred its basic pHto the slightly acidic nobile phase. This
preference for the sol vent woul d have prevented proper retention and
separ at i on.

Two different ionic strength, pH8. 0, buffers were used.

Several injections of bilirubin-urobilinogen sol utions failed to
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produce any inprovenent in separation or increase in retention

tine.

680 & Met hanol and Mt er

The polarity of the nobile phase was decreased to 60 % net hanol
inwater in an attenpt to allowurobilinogen to el ute nore quickly,
but mnimze the effect on bilirubinretention tines. The results show
that while bilirubinwas retained on the col um, urobilinogen was not,

and cane off in the solvent front.

55 %4 Met hanol and Vdt er

The pol arity was increased slightly in an attenpt to separate
urobi I inogen fromthe solvent. The results showed no i nprovenent over
the 60 £ Methanol and water nobil e phase. That is, urobilinogen was

not separated fromthe sol vent front.

45 % Met hanol and Wt er

S nce separating urobilinogen frombilirubin could not be
acconpl i shed by reducing the pol arity, separation was tried by obtai ning-
a polarity between that of 50 % nethanol and 40 $ net hanol sol utions.
A'so, to ensure that an excess amount of bilirubin was not the cause
of the loss of colum efficiency, several extrenely |ow bilirubin.
concentrations were used.

The resul ts were the sane as those obtai ned with 40 % net hanol
and water. That is, bilirubin absorbed strongly to the columm. This
was the case with all concentrations until the concentration fell bel ow

the detectable limt.
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Acetonitrile-DMSO-Water

Another mobile phase examined was acetonitrile-DMSO-water.
This system was chosen because it has been successfully employed in
the separation of bile pigments.43 The first ratio of components

used was employed with encouraging results.

30 % Acetonitrile-30 % DMSO-40 % H.O

Using a mobile phase of 30 % acetonitrile-30 % DMSO- 40 % H20,
an injection of bilirubin yielded a fairly sharp peak in about 4.0
minutes. An injeetion of bilirubin-urobilinogen solution gave one
very large peak at approximately the same location. To determine if
the peak was due in part to urobilinogen, the wavelength was changed
to 450 nm. The resulting peak was noticably smaller, indicating that
it was at least in part due to urobilinogen (the absorption coeffieient
of bilirubin is roughly the same at 450 nm and 260 nm).

Other mobile phases with higher polarity were also tried
(20 % acetonitrile-20 % DMSO-60 % H20 and 25 % acetonitrile~ 25 % IMSO-
50 % water) in other attempts to separate urobilinogen and bilirubin.
The increased polarity produced the same loss of column efficiency as
was observed previously. This indicates that separating urobilinogen

and bilirubin may require a more sophisticated approach.



HAPTER VII
oncl usi ons

In this investigation, cyclic voltammetry was used to exanine
bot h el ectrochem cal processes, oxidation and reduction, for bilirubin
and urobilinogen. The oxidation wave for urobilinogen was | ocated at
+0.4 v. Nb oxidation wave could be located for bilirubin. For the
reductive process, bilirubinwas found to undergo reduction at -1.75 Vv
whi | e urobi | i nogen gave no reduction wave.

The electrosynthesis cel|l designed and constructed during this
research project was used to reduce bilirubinto urobilinogenin a
flow ng system This provides, for the first tine, a quick and reliable
nmet hod of generating urobilinogenin sufficient quantities for in-depth
st udy.

Inthis project, el ectrochemcal detection was exam ned as
a nethod of neasuring bilirubin and urobilinogen. It was found that -
el ectrochem cal detection coul d be used to detect urobilinogen if
utilizing the oxidation process (+0.4 \) or bilirubinif utilizing
the reductive process (-1 75 \) Thi s, however, proved unsati sfactory
si nce both speci es nust be neasured si mul t aneousl y.

Huoronetry was al so examined for possible use. |t was
determned that urobilinogen reacted with zinc to produce a fl uorescent
conpl ex. This conpl ex coul d be neasured using an activation wavel engt h
of 440 nm and an emissi on wavel ength of 460 nm., The bilirubin-zinc conpl ex,

however, proved not to be fluorescent. Therefore, fluorometry was not



used since detection of both urobilinogen and bilirubi n was not
possi bl e.
Uv spectronetry proved to be a suitabl e nethod of detection
for urobilinogen and bilirubin. Both species gave a strong absorbance
peak at 200 nm, this allowed for simltaneous detection of both speci es.
Sanpl es of urobilinogen and bilirubininjected onto the #pLC
did not provide sufficient separation for a quantitative neasurenent.
This separation is needed to provi de a workabl e urobilinogen standard.
Theref ore, nore sophisticated HPLC systens (stepw se el ution, paired-
I on- chr onat ogr aphy, |inear gradient elution, etc.) not available

during this project woul d be worthy of further study.
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