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INTRODUCTION

Few drugs enjoy as widespread clinical use today 28 do the barbie
turate hypnotics and sedatives. Barbital, introduced in 1903 as
Veranal(ﬂ) and phenobarbital, discovered in 1912, are extensively
employed as safe and effective sedative sgents for the management of a
wide variety of nervoug disorders. With the development of the shorte
acting barbiturates such as pentobarbital, smobarbital, secobarbital
and, later, the ultra short-acting thio barbiturates, the scope of use-
fulness of these drugs has been greatly widened. These newer barbie
turates serve as potent hypnotic agents, relieve agitstion, are routinely
used for pre-medication and; as the ultrs shortwacting barbiturates arve
most frequently employed for surgical anesthesia. There are, however,
certain serious drawbacks attending their clinieal use. These are
habituation, poisoning from overdosage, and & rather high incidence of
untoward reactions. Because of these disadvantages substitute drugs
such as the non-barbiturate hypnotics, the antihistamine sedatives and
the tranquilizing agents have been introduced. Nevertheless, the
present~day therapeutic supremacy of the barbiturates remains unchallenged
(11).

Witk the goal of developing barbiturates which are safer, are less
likely to cause habit fommation and which can readily be detoxified withw
in the body should a#@rdosage ocecur, the laboratory study of these drugs
has been mainly concerned with their metabolie fate in the body. Muek
investipative work has been done and the distribution of the more

important barbiturstes has been studied in considerable detail by numerous



workers and has been reviewsd by Porter (28). Unfortunately, most
investigators express thelr results ms cquantitative total amounts
ineluding both the barbiturate metabolites and the ummodified drug. The
reagon for this is explanablet at present chemical methods for the
acourate and quantitative separstion and identification of barbiturate
metabolites are unsuitable and difficult to perform. It ie evident that
much more information must be obtained from laboratory investigations in
order to elucidate the metabolic fate, distribution and exeretion of the
barbiturates.

Of chief comcern to this writer - and one of the reasons for under-
taking the research work deseribed in thiz thesis - is the need for
improved methods for determining bloed and tissue barbiturste levels.
With the introduction of more potent, rapidly scting barbiturates there
has been an ineressed ineidence of barbiturate overdosage (11,23) and
accidental deaths. 1In overdossge or death these barbiturates appear in
such low concentrations in body tissues and flulde that they are extremely
difficult to iselate and identify. Chemiesl means are the only ways of
establishing death due to barbiturste poisoning since no anatomical lesions
are characteristie (36). Another goal may be achieved through further
work dealing with the fate and distribution of the barbiturates. Such
studies may lead the way to finding more specific antidotes for treatment
of overdosage or for speeding the recovery and lessening the incilctmee of
untoward sctions in pstients undergoing general snesthesia with the
barbiturates. Also, studies dealinmg with metsbolic fate of these drugs
may provide a possible answer a2s to why contimued use of the sherteacting
barbiturates leads to addiction. With better understanding of the metabolic



role these drugs play in the body, ways and means to forestzll the addietive

propensity of the barbiturates may be forthcoming.

PURPOSE OF RESEARCH INVESTIGATIONS
DESCRIBED IN THIS THESIS

The researches described in this thesis were undertaken for the
purpose of reviewing, through laboratory experiments, the chemical methods
now available for the identification and quantitative separation of the
barbiturates and their metabolites in body tissues. While the writer has
used most of these procedures in the actual performsnce of work dealing
with the toxicologic analysis of tissues for barbiturates, only the methods
further explored in this thesis work will be described in detail here.

1. Chemistry of the Barbiturstes.

Some understanding of the chemical features of the more important
barbiturete compounds is necessary at this time if the problems involved
in their identification and separation in body tissues is to be |
appreciated.

The bosic molecule of all barbiturates is the barbiturie acid structure.
Barbituric acid is a diureid formed as the condensation product of urea

and malonic acid (figure 1) (12).
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The diureides differ from the mono ureids in that in the latter

only one mmino group of urea is condensed with a carboxyl group. Barbie-

turie acid, as such, has no pharmacologlc action 2nd 18 not a central

depressanbe.

The various barbiturate anelogs are formed by substitution of various

radicals at different positions on the barbituric acid nucleus. The

general formula for these substitutions is shewn in figure 2 (12).
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Substitutions in the berbituric acid nucleus may be made
at By, By or RB. The thiocbarbiturastes have a sulfur

molecule substituted for the oxygen in the urea portiom.




The substitutions made for several of the barbiturates are tabulated

below?
Barbiturate at-Rl atkﬁé ggugg
Amobarbital ethyl  isoamyl H
Barbi tal ethyl  ethyl ~ H
Pentobarbital ethyl 1-methyl butyl H
FPhenobarbital athyl phenyl H
Seeobarbital  allyl  lemethyl butyl H

The largest and most important group of derivatives are the 5-8
substituted barbiturie acids. The other two major groups are the Nealkyl
barbituric acids which have a methyl group on 2 nitrogen (mephobarbital
and methabarbital) and the thio barbiturstes which contain a sulphur on
the number two carbon.

The barbiturates are acid in reaction by the fact thst the keto fomm
of the molecule (~00«NH-) is in equilibrium with the enol form (C OH :N),
the hydrogen of which is readily dissocisted allowing formation of salts
and slkalis (12). ’

Except in the N-2lkyl substituted barbiturstes, the hydrogen atoms
ezpable of ionization are sttached to both nitrogens of the ring. In
1940, Krahl (19), detemmined the iomization constants for 30 substituted
barbituric aeids. In physiclogic pH ranges, th& barbiturates act 28 mono
bagic acids as the second hydrogen‘is not significantly ionized below pH
10 (figure 3).



pK Values At 25° Por The Barbiturates Used Tn
This Project, Adapted From Krahl (19)

Barbiturate pK
Phencbarbital 7okl
Barbital Te91
Amobarbital 7ok
Secobarbital 8408
Pentobarbital 8.11

Figure 3

2. Identification of Barbiturates in Biologic Material.

Many methods have been devised for isolation and identification of
barbiturie acid derivatives in biologic material. One of the first was
the ¢lassic Stas«Otto procedure (37) which u#nd organie solvents for
separation and a very crude eoiémmtric means of detection. This procedure
requires the miaeticm of large volumes of blood or organs and is very
time consuming. About twenty years agzo a colome@xin method was introw
duced by Koppanyi, Murphy, Krop (18) which utilized the formetion of a
cobalt complex with the barbituric or thio barbituric acid as the means of
identification. Both methods heve the disadvantage of low specificity and
low sensitivity, (7,40) also “false positives" may result due to impurities
in the biologic extracts used as the initial sample specimen (17,31).

More recent methods for separating and identifying the barbiturates
include chemical (2h,3L)s titration (32,35); X-ray (16,27); infre-red



(5,29) 5 paper chromatography (2,25,28,40); and ultraviolet spectrophow
tometry (10,22,36).

Of these many methods, the only two presently in wide spread use are
ultraviolet spectrophotometry and paper chromatography with its several
variations. Ultraviolet spectrophotemetry anélysia is based on the fact
that all of the Se5 substituted barbiturates have a characteristic ultra
violet absorption spectrum (10,22).

The thio and Nemethylated derivatives represent a specisl group and
have their own ultraviolet characteristics (8,13,36). iimvsr;, 88 long as
the basic ring struétum of the barbituric acid rmeleus remains intact,
identification of the specific derivatives from the remainder of the group
is impossible (30). This is 2 considerable drawback since the barbiturates
vary considerably in speed of action, potency and metabolisme
3« Theoretical Gan#ideraticma Pertaining to the Use of Ultraviolet

Absorption and Variation in pH for Isolation and Identification of the
Barbiturates in Biologiec Materials.

The ultraviolet absorpiion spectrum of the barbituric acid derivatives
has been well established by numerous workers. Various suthors have
described the maximum absorption of the non thio derivatives from 239
millimicrons to 255 miliimicrons (30). Walker, Fisher and McHugh (36)
have made clear these varistions on the basis of pH which affeets the
degree of ionization of the molecule. In strongzly seid solutions there is
no tendency to absord ultraviolet light at 239 millimicrons and this festure
has been ealled by Walker and cowworkers (36) the acid phase. As the p
is increased above pH 7, ultravioclet absorption at 239 millimicrons is
increased to & maximum at pH 9.5-10. This Walker calls the firat alkaline
phase which corresponds to ionization of the first hydrogen. At pH 12 the



absorption spectrum shifts towsrd the visible region of the Spectruﬁ;
the absorption band broasdens at the basge, end the moleeular extinetion
decreases, (figure h). Of course, this second alkaline phase does not
exist in the Nesubstituted derivatives since there is only one ionizable
hydrogen.

As pointed out by Lous (22) and others (13,39) the barbiturates follow
Beer's Law and, therefors, can be quantitated if the speeific barbiturate |
being examined is known since variation in extinction coefficients occurs
within the group (k). This markedly restricts the ability to cbtain
quantitatively valid tissue or blood levels in clinieal or toxicologic
situations unless the barbiturate in question can be identified by history
or by physical evidence. Thus it is evident thet even thoughk ultraviolet
gpectrophotometry is highly sensitive fbr‘the identification of barbiturates
aé & group, it has a complete lack of specificity and, therefore, is of
limited value (4O). |
ke Use of Paper Chromatography For Identification of Barbiturates.

In an attempt to nvercamé the lack of specirity for distinguishing
the barbiturstes or their metabolites by ultraviolet spectrophotometry,
the principle of paper chromatography was introduced in 1946 (2). Since
this time, various alterations and modifications have been made (1,3,38,40).
The technique of Walker end Algeri (1) has been used in this laboratory
and seems to give the best results. A subsequent report by Walker and
Algeri {2) confirms the simplicity of their method, and ’its sensitivity to
50 ugs of drug in some instances under ideal conditions. Unfortunately,
three commonly used drugs amobarbital (AmwtalR), hexethal (Ortai®) and
pentobarbital (Nembutsl®) were not differentisted by this technique. Tt



should also be polnted out that in Welker and Algeri's method the means
for locating the absorbed meterial are not specific for barbiturates and
that the changes produced by the coler developing reagents destroy the
drugs for further analysis (25). Sectional elution of the chremstogram
followed by uliraviolet speotrophotametry gives the most relisble
information; but the multiple technical procedures decrease the sensitivitys
5s Demsitometry Tecknique For Barbiturate Isolations

| In 1956 Algeri and McBay (25) introduced a method of densitometry
which e::cmbined the sdvantspes of spectrophotometry and chromatography inte
a single procedurec. This method, however, like the other lacks specificity
in that three commonly used drugs, smobarbital (Amrtala), secobarbital
(&ecmala) and pentobarbital (Nembutal®) are indistinguishable. When a
single known barbiturate and its metabolites are being examined and
separation from other barbiturates ig not a problem, the method is adequate
and net too diffieult technieally (25).

6. Infre-Red Spectrophtometry.

In addition %o ultraviolet spectrophotometry and chramatography the
method of infra-red spectrophotometry deserves mention since it has been
suggested a8 a possible procedure for accurate barbiturate separation.
However, in 195k (29) Price et al showed that the diffevence in frequencies
of the carboxyl absorption bands between the members of the series was too
small to allow adequate separation. Infraered spectrophotometry also has
the disadvantege of requiring a high degree of purity, and tke apparatus
needed and operatiom is expensive.

Thue, it is readily apparent that there is as yet no single method @
vombination of methods which will separate from biologic materisls or



10

miztures 211 the members of the substituted barbituric acids with an
adequate degree of sensitivity and selectivity. Until this is done,
little progress can be made in the more impertent inquiry concerning
the nature and identification of the metabolites of the berbiturstes
formed in the body.
N T R T * ®

The difficulties and disadvantages inherent in the various methods
for isolating and identifying the individual barbiturstes in biologic
material have been described. It seemed worthwhile, therefore, to further
examine some of these or other techniques in the lsboratory in the hope
that through modification or further development, a more accurate and
suitable method for barbiturate analysis would be obtained. In pursuing
thiz objective, the qualifications for zn ideal method were kept in mind.
These aret

1. High degree of specificity and sensitivity.

2, Technically easy to perform in a short period of time.

3. Requires the minimum of expensive equipment and reagents.

L. Easily repro&ueable in other than a research laboratory.

Basic Ion-Exchange Chromatograpky: Its Use For Separation of Barbiturates?

A survey of the literature failed to reveal the use of ion-exchange
chromatography as o means of isolation and identification of the barbituric
acid derivatives. Ien-exchange chromatography is a technique now commonly
employed in biochemistry and certain phases of pharmacologiec study.
Hayaishi and Kormberg (15) used ion-exchange in'1951 to separate the

bacterial enzymatic oxidation products of thiamin and uracil which formed



Semethyl barbiturie acid and barbituric acid respactively. The uracil
product was compared with pure barbituric acid. This is the only report
the writer has been able %o find relstive to the use of ioneexchange for
separation of substances related to barbiturstes. This lead appeered |
promising and the investigation of basic ionesxchange chromatography as a
method for separating other berbiturates was underteken.

Ghrematmgrapﬁy, in general, has been defined by Cascidy (6) a8 "A
separation process applicsble to essentially molecular mixtures which relies
on distribution of the mixture between an essentially two-dimensional, or
thin, phase and one or more‘bulk phases which are brought into contact in
a differential counter current manner.® QCassidy points out that these two
phases are commonly referred to as the stationary and mobile phases. In
ion-exchange ehrbmatography the stationary (two-dimensional or thin) phase
is the surface of an lon-exchange resin. These resins sre comprised of
polymeric structures with fixed charge sites in the neighborhood of which
oppositely charged ions reside. These latter ions may be exchanged with
gimilarly charged ions in the mobile phase. The resin may have fixed sniome
or fixed cations snd tius are referred to as cation and aniom exchangers,
respectively, The resins are named by the type of ion they exchange rather
than by the fixed ion composing the resin. The bulk phese or mobile phase
in this case is a liguid which transports the lons over the stationary phsee.
Separation iith ion-exchange, 28 well as all types of chromatography,
depends on the differential distribution of solute that occurs between
mobile and stationary phases. The succese of chromatography depends on
influencing this distribution process, so as to drive the solutes selec~

tively into one or the other phases at the proper stage in the separsilon



process, This distribution depends on moleculsr inter-action within

the system.
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METHODS AFD MATERTALS
le Basic Concepte of Ton-Exchenge Procedures: Selection of Procedure for
Berbiturate Identification.

As mentioned previously, Haynishi and Kornberg (15) uged ionwexchange
to separate the bacterial enzymatic oxidation producte of thiamin and uracil
which formed S-methyl barbiturie acid and barbiturie scid reepectively, the
ureeil product being compered with pure berbituric acid. Thelr system,
Dowex=l (€1~ form) was used in a %5 x 1 em, gloss tube colmn, Dowexel is
3 “trong base enion exchange resin composed of quaternsry armenium groupe
on & siyrene divinyl benzine matrix (6). Using this column they then
buffered the liquid-resin system at pH 8.7 with 0.2 M trix~(hydroxyemethyl)=
amino methane buffer. The reaadn,fer~chaa!1ng}this pH is not made clear by
the authors mt at this pH, which is considerably above the pK of barbituric
acid (3.98) (21), the barbituric acid molecule should be significantly
ionized and carry & net negative charge. Under these circumstances, the
molecule should be firmly attached to the positively charged resin by
replacing equivalent amounts of chloride so as to maintain electro-nentrality.
Hayeishi and Kormberg then eluted the column containing this mixture with
NE) =OH-NH) C1 buffer (0.2 M, pH 9.9). The barbiturie acid was recovered
between 265 and 360 cc. of the effluent. The authors do not make clear

~the rational for eluting with this mixture but it is assumed that pH 9.9

was chosen because at this pH there is maximum ultraviolet absorption of
barbiturie acid, a fact mentioned previously in this thesis in the discussion
of barbituric chemistry. Ionization of the barbituric acid moleeule should
be more complete at this pH than at time of sorption which seemingly should

increase the attraction of the molecule to the resin. Therefore, it is



suggested that electro-chemical change is not the primary faetor involved
in removal of the barbiturie acid molecule from the resin. It was felt
that this effect ie most likely the msult of mace sction with exceoss
chloride slhifting the equilibrium reaction to the left in the following
equation 6):

EARTAE S EINES i L A T

ReByt b 01"+ uh A ==t s m" ¢ B 2"

In the equation, R is s polymerie structure to which a cationiec group

Bl”' is :zovalen‘my attachéd {quaterpary ammenian groups in the case of
“ ana B} are ions, in thie case C1™, BA™ and at

2 2
respectivelys It is realized that there are a multitude of fectors (33)

Dowex-1) while 1&1", A

which affect the interaction of the individual molecules with the resin.
It was hoped there might be sigmmificant differences in each of the sube
stituted barbiturate molecules to allow separation from each other using
Hayaishi and Kornberg's scheme as a starting pointe

An slternate procedure avoiding the necessity of removing the barbie
turates from the column by & mass action effect was considered. It was
felt tha:f: they might be eluted by inereasing the relative positive charge
of the barbiturate molecule so that there would be less attraction between
the barbiturate molecule and the positively charged resin (Dowex=l). This
is the general theory of the procedure used by Moore and Stein (26) for the
gseparation of the acidic and neutral amino acide. In this method the amine
acids ere placed on a cation exchange resin, Dowex-50 (& nuclear sulfonic
acid groups on styvene DVB matrix - R-SGB'”} at pH of 2. At pi 2 the amine
acids are only slightly ionised and carry a relative positive charge and

are, therefore, firmly held by the negatively charged sulfoniec acid resin.
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With ineressed pH the alpha-carboxyl of the amino acids becomes more
ionized and the proportion of molecules hoving a net positive charpe
decreases. Thus, the amino acide are less fimmly attached to the resin
and tend to move with the buffer. The pK (alpha=-carboxyl) values of the
neutral and scidic amino acids vary slightly at amy pH, therefore, the
extent of ionigation will vary and the net charge will differ allowing

different flow rates (9) at any pH.

Examples
(glyeine pK 2.4) # WHy CHeRCOOH === & NHy CHeReCOO™ # M

To apply this theoretical procedure to isolation of the barbiturstes
| neing a8 Dowexwl eolumn earsying a positive charge, the pH would

necessarlily have to be decreased below the pK, thereby decreasing
the degree of lomization. With decrease in the degree of ionization,
the moleoule would tend to become more positive and thus less fimmly
attached to the positively charged resin. Theoretically, separation
could oceur because of the differences in pK., other factops being
equals However, the effluent then would be less than pH 7 and, there=~
fore, would necessitate the addition of a suitable buffer to ineresse
the pH to 9.9 for meximum ultraviolet absorption needed for identiw

fication.

On the other hand, if a cation exchenge resin (Dowex=50) were used
a8 in the method of Moore and ﬁtein, the barbiturstes, in a reletively
unjonized state, would earry a net positive charge and be attracted to
the ﬁﬁE" portion of the Dowex~50 of the column. As the pH was incressed

above the pK, the barbituric secid melsenles would tend o besome more
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ionized and thus carry a relatively greater negative charge and have less
electro-static attraction to the resins. Sinee the individual barbie-
turates have different pK's, at any pi the extent of ionization will vary.
Thue, the barbiturate-resin ztiraction will vary, theeretically allowing
different flow rates,

In Hoore snd Stein's procedure, the effluent would be zlkaline and
require less adjustment of pH to obtain maximum ultraviolet absorption.
As pointed out by Moore and Stein, the pK of the amino acids iz not the
sole factor regulating the exchange. Also, the order of elution nay be
different than predicted on the basis of pK alone. They point out that
general size, shape and chemical characteristics of the individual
molecular types play a part in rates of exchange. There is no reason to
believe that these factors would not also affect the barbituric acids since
there iz a great varisnee in the side chains of the individual drugs.

2. Selection of Suitable Resins for Fluting Barbiturstes in Ion-Exchange
Procedures.

The resins used in this project were Dowex-l (chloride form) and
Dowex=50 (hydrogen form). As mentioned, Dowexwl wos used by Hayaishi and
Kornberg (15) and their methods were used as & starting point for the
preaén% investipation. Dowex~l is a strang base anion exchanger made of
quaternary ammonium groups on styrene divinyl benzene matrix. Seversl
mesh sizes of this resin were used but 100200 mesh was found to give the
best flow rates in the column sizes used. The resins are also available in
various degreem cf cross-linking. Crosselinking is a characteristic of
resine which primarily controls the degree of swelling in water and the

accessability of the interior of the polymer to ilons of different size (6).
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A lesser degree of cross-linkage, (i.e. a molecule which is structurally
less dense), permits exchange with larger ions, however, swelling is
incressed in water. The majority of the commerciel resins are about

8 per cent cross«linked (6).

Dowex=50 was alsc used and was selccted s the ecation exchanger since
this wos the resin used in the smino mcid seporstion of Moore and Stein
discussed in the preceeding sections Dowex=50 iz composed of muelesr
sulfonle aseld groupe on styrene divinyl benzene matrix. Eipght per cent
eross=-linking wee used throughout this project. Lack of sufficient
regearch time was the only factor which prevented further evalustion of
Dowex«50 using various degrees of eross~linkages The 100200 mesh perticle

size wae used since flow rates were most easily contrelled wit: this pize.

3. Prepuration of Resins.

{~) Anion Exchange Reeins (Dowex-l)e The chloride form of those
resine were useds The resins were obtained in a moist condition in plastic
bags. The resins; aslthough slready in the form desired,; were sosked in s
solution of b hydrochlorie scide The acid wee decanted off and new acid
added until the decanted acid became cleare. Thie procedure removes
impurities such as rust flskes found in the resins (33). Although other
agents are suitsble, Semuelson (33) suzpeste hydrochloric acid beceuse it
is inexpensive and easily obtained in pure form. The resin was stored in
1 N HCI until its use at which time it was washed on a Buciner funnel until
the effluent was negative for chloride, as detected by addition of silver
nitrate solution. At this point, the resin was ready to be poured into the

golunns .
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(B) Cation Exchange Resins (Dowex«50). Initially the Dowex=850 was
treated with L N HC1 in the same manner snd for the same purpose as the
Dowex=l. The 3« N HC1 was also found by Samuelson to allow for maximum
regeneration of the resin so that the Dowex«S50 was stored in L ¥ HCL.

Prior to its use in the column it was washed with distilled water until
free of excess chloride. If thorough washing with distilled water was not
earried out completely it was found that excessive amounts of buffer would
be required to obtain desired pH of the column. In all cases where Dowex~50

was used, the columns were buffered prior to the sorption sbep.

L. Reagents, Chemicals and Drugs.

(L) Reagents and Chemicals = Standerd commercially available labe
oratory resgents and chemicals of analytical grade were used.

(B) Bafbiturates - The fbll#-ing is a list of the six harb£turates
used in this project:

1, Barbituric Acid, mol. wte. 128.09

2. Barbital, N.F.; mol. wt. 18L.19

3+ Phenobarbital, U.5.P.; mol. wte 232.33

Lo Pentobarbitel, UsS.P. (Nembutal(R), Abbott), mol. wt. 218.26

5. Secobarbitsl, U.S.P. (Seconel(®, 1131y), mel. wt. 260.27

6. Amobarbital, U.S.P. (fmytal(®), 1311y), mol. wt. 226.27

St Tecm}im@o

The teehniques of ion-exchenge chromatography used in this project

were adopted from Samuelson's textbook, Ion-Exchangers in fnelytical Chemistry
(33)e In the chapters on ion-exchange technique he points out that any

general rules for obtaining accurate results in the slortest possible time



iy

cannot be pgiven." However; he also points out that there are some general
indications which can be givens

(4) Choice of Operation = Column operation was used in favor of
batch operation since this is the method employed by Hayaishi and Kornberg
(15) whose work ie being used as s starting point. This ie also the
operation which Camuelson considers most applicable under the najority of
elreumstances.

(B) Apparatus = The columns used were commerclally made 20 cc.
burettes fitte& with a stopeock (60 em. length and 1.2 cm. dismeter). A
small plug of glass wool was placed in the bottom to support the resin.

& glass wool plug was also placed on top of the resin to prevent disruption
of the resin when solutions were poured onto ite The resin was introduced
into the column as a elurry prepared by mixing the reein about half and
helf by volume with distilled water. The resin was allowed to settle with
“the stopeock open but never allowing the water level to fall below the
resin so a8 to prevent sir from entering the column and causing “charmeling®.
This cen be prevented by keeping the a&tlet above the level of the resin
bed. Whren the column length desired was obtained, the excess water was
removed from the top of the resin bed by suction and the desired buffer
solution was introduced and allowed to run through the eolumn until the
material coming off the column (effluent) was the same pH as the buffer
(influent).

When the column had been properly buffered, the barbiturate{s) to be
analyzed w:s placed on the column in volumes of 1 ce. or less. After the
drug had flowed onto the resin, the side walls of the tube were washed with

water and then the water was suetioned off. VWhen this was completed, the
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elution buifer solution was added to the top of column to the height
which would allow proper flow rate. When the proper level wes obtsined.
8 resorvoir of buffer was placed at the ssme level and connected with the
tube by means of a siphon hose so ss to provide nearly the same level
throughout the procedure.

The effluent from the columns was collected in verious size fractions
with a Misko {Microchemical Specialties Co) 72 position fraction collector
and timers When the flow rste and size of fractions were determined, the
timer was sob to collect separate fractions on the basie of the time
interval. SBince this method of eollection provided consistant collection
columns, no other mesns of frecbion collection was attenpied.

After the fractiona were collected, they were analysed for presence of
barbiturate in a Model DU, Boclman Spectrophotometer with photomultiplier
attachments If the effluent was not already at pH 9.9; it was adjusted to
this by use of a small amount of concentrated buffer solution of pH 9.9,
Each fraction sbsorbed the ultraviolet light at this wave length, the
specimen was then scanned between 220 and 250 MU to see if the character-
istic barbiturate curve was present. This was done to rule out any
contaminating substance which might absorb ultraviclet light at 2LO but
not yisld the characteristic curve., All fractions were examined apainst
& blenk of the eluting tuffer which has been run through & column without
the addition of any drug.

{C) Rate of Flow ~ The rate of flow depends upon a number of factors H
1) particle eize, 2) length of column, 3) viscosity of flulds being pessed
Shrough column, and L) height of the liquid eolumn sbove the resin (33).

fameulson points out that ideal flow rotes will certainly vary with eaech
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operation but a "normal™ flow rate for cation exchange columns is

3«10 mls per square em. per minute and 3-5 ml. per square cm. per minute
for anmion exchange resins. Flow rates for all columns were kept within
these limits unless otherwise noted. For the sske of economy and con=
venience, only one resin size, l00-200 mesh, was used for all of the
columns. Einee columns of varying lengths were used, the flow rate was
maintained within limits by verving the height of the liguid column sbout
the resin. This was found to be an effective method; however, in several
cases an additiomal length of glass tubing had to be added to the burett
by means of a short piece of Tygon tubing.

(D) Conecentration of Drug folutions « In most cases, ioneexchange
ehromatography iz best suited for solution of relatively low ion concene
tration, however, they must not be so dilute 50 28 to interfere with
- aceurate identification. The drug soluitions used were =zt & concentration
of 1 mg./cce of distilled water. Since the barbiturates used range in
molecular weight from 16L.0k to 218,15 the ion strengths are ne greater

than _1_ or about 0.008 M.
i78

(E) Temperaturs - All operations in this project were operated st
room temperature. Camuelson feels that most cases of analytical ien-
exchange can be best operated at this temperature. Fven though this
becomes a variasble in some conditlons of ion-exchange no attempt was made

to evaluate the effect of temperature change in this project.
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Sinee two basically different jonmexchenge systeme were employed,
each one will be presented individually.
I. Kethod A Icnvﬁhrckangg Systen.

A. Reduplication of the work of Hayaishi and Kormberg. = The first
step of the pm,ject‘waa to attempt to reproduce the results of Hayaishi and
Kornberg using ¢hemically pure barbituric acide 4 colunn wes set up and
operated as deseribed pi'eﬂcusfly under methods and materisls. The only
modifieation on the procedure was the use of a 10 om. column instead of a
column of 9.5 om. length. The eluent wos 0.2 ¥ mzhmz-amam buffer adjusted
to pll 949+ Using this system inconsistent results were cbtained on four
trials. Figure 5 is a graphic representation of these results compared with

the results of Hayaishi and Kornberg which are shown by the shaded area.
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Figure 5, = Barbituric acid 10 cm. column with 0.2 M eluent. Shaded
grea vepresenle results of Hayaishi and Kormberg.
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However, by increasing the eluent concentration to 0.4 M and leaving 211

other factors constant, relatively eonsistent results were obtained on

hono

10 0 300 100 200 300
EFFLUENT VOLUME, mI.

three runs s shown in i’igﬁw 6
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e 6. = Barbituriec acid, 10 em. column with
gu;; eluent,

In order to become better acquainted with same of the factors which affect
drug elution, column length and eluent molariiy were varied. The column
length was increased from 10 em. to 20 cme and sluents of O.i ¥ and 0.5 i
were used. Barbituric acid, 0.5 mg.; was used in 211 trials except run
2.0=a where 0.1 mg. of barbituric acid was useds This was done to see if
major differences would occur im the slution curve because of the incresced

drug amounts Results sre shown in the figure 7 graphs on the next peges
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Figure 7. « Barbituric acid, 20 cm. column with O.h ¥ eluent in 2.0 2
and 2.0 b, and 0.5 M eluent in 2.0 ¢; 2.0 d, 2.0 e, and 2.0 f.

The second step was to use the same column set-up but to use the Seb Sube
stituted barbituric acids in place of plain barbituric acid. & buffer of
Hﬂgﬁﬁ~ﬂﬂhﬁl buffer adjusted to pH 9.9 was used throughout this phass of
the experiment for the eluent and will be referred to as "eluent" of a
ecertain concentration for convenience. Unless otherwise stated 1 meme of
drug was used in all trials. As before, only 10 and 20 om. columns were
useds 4 total of 1000 ec. of the effluent was arbitrarily set as the
maximun te be used in any one rum. If no drug wes recovered within this

volume, the concentrestion was increassed.



Be Amalysisz of the 5-5 substituted barbiturie acide individually
using the ion-exchange system of Hayaishi and Kornberge
1, Barbital -~ Barbital was the first drug to be anslyszed
using an Q.L ¥ eluent. No drug wae recovered within 1000 cc. and th;e
eolumn was regenersted with hNehydrochlorie seide The eluent concentration
was increased to 1 M and effluent curves were obteined within 1000 ce. on
10 and 20 eme. columns. The procedure was repeated using 2 M eluent also.

In run leled, the drug amount was decreased to 0.1 mem. (Figure 8).
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Figure Ba. - Barbital, 10 om. colusn with 2 M eluent.
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Figure 8be = Barbital, 20 em. column with 2 ¥ eluent.

2. Phencbarbital = The initial run employed a 10 em. column

end 1 M, 2 M, 3 M, and 4 ¥ eluent were used but all failed 4o remove the
phenobarbital within the arbitrary limit of 1000 ce. It was not until

6 # eluent was used that satisfactory results were cbtained. This was
repeated on four trials. In run l.l=c and lilw~d, tke drug amount wWas
decreased to 0.5 mg. (figure 9). Since phenobarbital wes removed with such
great difficulty on a 10 em. column, its separation was not attempted on a2

20 ome columne
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Figure 9¢ - Phenoberbital, 10 cnas column with 6 ¥ eluent.

3e Pez{tobarbiml - Hfl»;ent eurves were cstablished for

pentobarbitlal in the same mamner, beginnirg first with 1 ¥ eluent on 8

10 em. eolwmin, This was unsuccessful. 2 ¥, 3 ¥, and L ¥ eluent was

successful on single runs (figure 10). Tt wes during this time in the
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Figure 10+ = Pentobarbital, 10 em. column with 2 M eluent in 1.3-a,

3 M eluent in l.3«b and L & eluent in L.3=c.
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project when we cbtained Dowex~l in two other degrees of erossw=linkape,

L per cent and 10 per cent, (8 per cent Dowex-l had been used to this
point). Accordingly, pentobarbital was used to evaluate any vardations
due to eross-linkage. Until this time, all molarity values of eluent had
been increased stepwise by one unit but, by mistake, 2.5 ¥ sluent wes
prepared and used. Since this molarity demonstrated the effects of cyosse
linkage, 1t was not repeated. Only & single run was made using each of

the three degrees of cross-linkage, (figure 1la).
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Figure 1la. « Pentobarbital, 10 em. column with 2.5 M eluent ueing three
different degrees of resin cross-linkace as noted.

11bs « Seeobarbital, 10 am. eolumn with 2.5 M eluent using two
different degress of resin cross-linkage as noted.
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Lo Secobarbital = This drug was run four times on a 10 em.

column using 1 ¥, 2 M, and 3 M eluent. The last three eluents removed

the drug within the 1000 cc. volume (figure 12).
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Figure 12. - Secobarbital, 10 em. column with 2 ¥ eluent in 1.5~z and
3 ¥ eluent in 1.5<b.

A1lso, secobarbital was used with L per ceat and 10 per cent cross-linkage

with 2.5 ¥ eluent in the same msnner as was pentobaz;bital (see fipgure 1lwb

on previous nage).
Se imobarbital = This was the lsst barbiturate tried

individually. Only one run on 2 10 cm. column with 3 ¥ eluent was made

(figure 13).
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Figure 13, = Amobarbital, 10 cm. column with 3 ¥ eluent.
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C. Jepavatlon of Barbiturate Combinations - At this point in
the investigation, the deta were analyzed tc see if rne column length and
one concentration of eluent was capable of removing 211 of the drugs at
different effluent volumes. Since barbituric acld can be easily identified
by ibts ultraviolet absorption spectrum, whicl is different from the sube=
stituted barbiturates, it was not considered. 2 3 M or L4 ¥ eluent will
remove all of the drugs from a 10 cm. column within 1000 cc. except phenow
barvdtal which requires 6 M.

1. AmobarbiteleSecobarbital - Rather than attempt to

sgparate 21l five drugs initislly on the same column only two drugs,
amobarbitael and secobarbital, were selected for analysis. While these
two barbiturates were eluted at distinetly different column lengths,
nevertheless; they were relatively close togei?her in relationship to the
other drugs. The initisl run employed a 10 cm. column and ki M eluent.
The drugs were separated completely but each drug occupied a large
fraction of the effluent. In an attempt to reduce the size of the drug
fractions, a 20 cm. column wes run under the same conditions. This

improved the resulte somewhat (figure 1h).
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Figure 1h. = Amobarbital~Secobarbital, 10 em. column with L M eluent in
1.8 and a 20 cme column with L M eluent in 2.2,
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2. Pentobarbital-Secobarbitel - These two barbiturates

were run under the same conditions and similar results were obbained with

only & 20 cm. column being used. The eluent was b ¥ {figure 15),

gin
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Figure 15, « Pentobarbital-~Secobarbital, 20 em. column with 4 ¥ eluent.

3+ Pentobarbital-Anmobarbital « When these drugs were

analyzed individually, their elution curves were similar. Separation was
attempted using 10 and 20 cm. columns with 3 M and b M eluent. No

separation oceurred (figure 16).
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Figure 16. = Pentobarbital-imobarbitaly 10 om. column with 3 M eluent in
1.9-a, 10 cm. column with L ¥ eluent in 1.9-b and 20 cm. column with 3 M
eluent in 2.k4.

be Barbital-Phenobarbital ~ Barbitsl and phenobarbital were

separated on a 10 cm. column by eluting initially with 2 ¥ eluent and then

increasing to 6 M eluent after the first fraction (which is presumed to

be barbital on basis of deta from runs with these drugs used individually)

was completely removed. Cfurely the barbital would have been removed using

&l alone but it would have come off so rapidly as to appear totally in the

first fraction (figure 17).
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5e BarbitalePentobarbital = Barbital was also run with

pentobarbital individuslly using 10 cm. colwmns with 2 ¥ and 3 ¥ cluent
{#igure 18).
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Pigure 18, - Barbital-Penbobarbital, 10 cm. column with 2 ¥ sluent in
lelles and 3 H eluent in 1.11=b,

6+ Barbital-Phenobarbital~Pentobsrbital = 4 eambination of

these thwree drugs wes selected for separation. This choice of & cambination
of barbiturates was made since barbital is easy to remove and phenobarbital
difficult to remove while the elution of pentobarbital ie somewhere in
between. A 10 cme column was usede A 3 M eluent was used initially rather
than 2 ¥ sinece this concentration will remove pentobarbital more readily.
Either molar concentration will remove barbital sasily. After the first
two fractions were removed, the concentration of eluent was .inéreasexi to

6 ¥ (firure 19).
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7. Barbitel-Pentobarbital-Secobarbital-Phencbarbitel - As

2 final analysis of thie phase of the project 0.5 mg. each of barbital,
pentobarbital, seccbarbital and phencbarbital were run on a 10 cn. column.
Amobarbital was excluded since previous runs showed that it could not be
separated from pentobarbitel. The column was eluted with 3 ¥ eluent. Only
two drug fractions were obtained in the effluent within 500 cc. However,
the second fraction wae considerably larger than expected sugpesting that
both pentobarbital and secobarbital had been eluted as one fraction. After
the concentration of eluent was incressed to é M only one more fraciion

was obbained. This third fraction was phencbarbital. Repeated trisls
failed to yield more than three fractions. Increasing the eluent concen~

tration to b M and column length to 20 am. was without benefit (figure 20).
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Since fhe preliminary work with this method of ion=-exchange yields
only fair xeéults, emphasis was shifted to the second basic concept being
studied in this project. It is realized at this point in this study that
only a few of the veriables have been explored to any extent in this first
method, and that more extensive ﬁanipulations of these #ariableﬁ might
provide aatisfactory'data.

II., Method B Ion-Exchange System.

The second method used to separate and identify the»barbiturates
was adepted from Moore and Stein's ﬁrocedure (26). The approach to this
method was similar to that of Method 4, namely, to analyze each of the §
barbiturates individuslly and then in various combinstion. The colimns
were prepared and buffered in the manner deseribed previouely using 50 em.
lengths. This longer length wes chosen 2t the suggestion of
Dr. David Jackson, Assistant Professor of Biochemistry in this school, who
‘ has had considerable experience with Dowex-50, ag used in ion-exchange
studies.

The ¢olunns were initially buffered with 0.1 N phosphate buffer at
pH TehO which is slightly under the lowest pK of the drugs being used.
(see table). One milligram of eack drug was run individually. The columns

Tsble of pK. Values For Several Barbiturates

- Phenobarbital Telil
Barbitel 7.91
Amobarbital Te9h
Secobarbital ' 8.08

Pentobarbital 8.11
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were eluted with the initial buffering solution and 10 cc. fractions were
collected. Since the effluent pH was also 7.40, 1 cce of 4 M NHh0H~NHhCR
buffer at ph 9.9 was added to increase the effluent pH to 9.9 for maximum
ultraviolet absorption of the barbiturates. Thie procedure eluted the
barbiturates listed above rather rapidly and the elution curves were

quite éimilar; consequently, the pH of the eluent buffer wes decressed to
6.8, It was hoped this would slow the rate of exchange and allew greater
differences in point of elution of each of the drugs. The elution curves

of both pH's are shown in figure 21.
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Figure 21, - 50 em. columns, 3a. Phenobarbital, 3b. Barbital, 3c. Amoe
b&rbi’t&l, Bdc S@C:Ob&rbit&l, 3&”- Pentobarbital,

Since decreesing pH did not improve the reseluiion of the drugs, the column
length was increased to 100 em. keeping all other factors the same. The
elution eurves were very similar to those obtained with the shorter column
except that the time required for elution was increased about two=folde.
Rather than to comtinue using the drups singly, 0.5 mg. of barbital and
045 mgs pentobarbital were combined. These two barbiturates were saelected

sinee they showed the greatest variation in rate of travel when run
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individually. Then, these two drugs were tried on 50 and 100 eme columns
using an eluent buffer pH of 6.8, 7.0, 7.2, Ty 7.6, and 7.8. In cvery
case only a single fraction was obtained. The eame procedure was evaluated
using 0.5 mg. barbital and 0.5 mg. phenobarbital, again with no indication
of separations At this point it was felt thet further investipstion with
this resin under these eircumstances was not profitable snd that possibly
crose=linkage varistion might prove beneficial. The results of this phase
of the study could not be included in the main text of this thesis because

of limitations in time.
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DISCUSSION

It is spperent from the resulis deseribed in the preceeding section
thet neither of the two basic methods of lon=exchange separation used in
this investigation even come close to meeting the criterion of an ideal
methods In the method using Dowex~l, four of the five drugs used were
eluted at‘ﬁiffarent pointes when examined individually. Only pentobarbital
and smobarbitel yielded overleping elution curves. When, however, the
drugs were analyzed in combination only three fractions were identified.
On the basis of dsta from the individual experiments it was felt that the
first and most essily removed fraction was barbital. The second fraction
was large and felt to be & cambination of secobarbital and pentobarbital.
The third and last fraction was presumed to be phenobarbital since 6 M
eluent was regquired to remove it. By variations in molarity of eluent and
column length it was not possible to bring about sdequste resolution of
the five drugs. HNone of the drugs were removed in small conecentrated
fractions; instead, brosd and poorly differentiated zones were obtained.
As expected, all of the drugs reacted to variations in column length and
molarity in that elution was delayed with inereased column length and
decressed with greater eluent mnlar&ty._‘Whan a L per cent cross~linked
resin was substituted for the cross-linked 8§ per cent resin smaller and
more concentrated fractions were obtained. With the two drugs tested,
pentobarbitel and secobarbital, elution cceurred so rapidly that it was
felt that satisfactory resolution eould not occur when combinations were
used. However, in retrospect it appears that more work should have been

done utilizing varietions in cross~linkage of resins since the molarity and
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column lenpgth changes were wnprefitable; at least in the ranges studied.
Moore and Stein found considerable differences in regerd to resclution of
closely related compounds by changing cross«linksge onlys

Certainly the results indicate thet variations in the interaction of
the drug with the resin do occur but that not 6 a sufficient degree to
allow separation under the circumstances employed. The only variable which
was explored in some deteail was molarity of the eluent.

Since only two column lengths were used, further variation in this
respect might prove usefule However; no significant differences in
resolution could be ascertained on 10 and 20 em. columns. If further work
were to be done with this resin we feel that alteraiions in pH might be
useful since electrochemical attraction certainly must play some part in
the drugeresin interaction. Suc& factors as flow rate, tempersture, and
cross«linkage varistions would have to Ea examined to meke evaluation of
- the method more complete. In Method B using Dowex~50, the resin which Moore
and Stein used for separation of the amine scids, results were also
disappointing. When the druges were analyzed individually each drug had a
slightly different elution curve and point of maximum elution, however,
the differences were small., As expected; decreasing the pH of the eluent
from 7ot to 6.8 delayed slightly the elution of the drug. This ¢4d not
provide greater differentes in point of elution than did use of an eluent
at pl 7she When the drugs in combination were eluted from the column, only
single fractions were obtained. At no time was there any indication of
separation. Serial decreases in eluent pH and incressing column length
did not alter the situation. In theory, increased column length shonld

provide more opportunity for the resin to differentiate each drug and
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variations in flow rate should be magnified. This, however, could not Le
demonstrated, suggesting that the variations noted on the shorter columns
may not have been the result of the effects of pK. If the differences in
point of maximum elution noted sre resl, then the data indicates that
there are slight variations in the rate of flow of the five drugs exsmined
in eombination. It is interesting to note that barbital is removed more
eaglly than phenobarbital whiech has a lower pK confimming the finding of
Moore and Stein. Apperently factors other than pK affect the exchange rate
and the order of removal from the column cannot be predicted on the basis
of pK alone.

Even though results using this method were even less impressive than
with Method A, it is felt that Method B offers a better approach from a
theoretical standpoint and that contimued manipulation of the wariables
already‘used and those not explored might provide suitable resulis.
Unfortunately, time limited continued work on this phase of the study. It
would have been interesting to further explore the use of resins of other
than § per cent cross-linking and eluent solutions of other thsn 0.1N
strengthe It might also be advisable to use a basically simiisr resin of
different commercial sources The problem becomes more distressing when
one remembers that even though we have picked five commonly used bsrbiturstes
there are at least ten to fifteen more which are manufactured in this
country with pK's which fall within the range of the five used.

This work has been based on the thearetieai consideration discussed
in a previous section. Il is realised, however, thut other factors such
as differential solubility, non-ionic interaction, and molecular rescnance
may play an important role in the resolution of the barbiturates by ion-

exchange. These, however, are not within the realm of the authors discussion.
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The basic aim of this project was to develop a method for barbiturate
separation which had a2 high degree of specificity and yet retained
aenﬁitivi%y. The need for such a method is based on the continued
frequent use of the barbiturates in clinieal medicine and the increasing
use of barbiturates as = means of poisoning and suicide, At present there
is no method or combination of methods which provides a&equsﬁa geparation
an&~iden%ificatien of the individual 5«5 substituted barbiturates.

A review of the literature failed to reveal the usze of ilon-exchange
chromatography for such a procedure. In an attempt €0 employ thies form
of chromatography for barbiturate separation two theoretically different
methods of ion~exchenge ahramatogfaphy were set upe OUne method utilizing
Dowex=l {2n jon-exchange resin) wss adapted from a single report by
Hayaishi and Eornberg who separated barbituric acid snd lemethyl barbiturie
acié; The second method was adaspted {rom the theory of Moore and Sﬁaiﬁ
which thoy used for the separation of the amino acids. MNeither of the
two methods were successfully developed in the present study. However,
only several of %&e variables known to effect ioneexchange chromatography
were manipulated with esch method. This work ¢an be considered only as

a very incomplete evaluation of fon-exchenge chromatography as a method

]

for barbiturate separation. Certeinly no positive conclusions can be
drawn from the results, however, the negative data may be useful in

feture explorstion into this problem.
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