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INTRODUCTION

An urgent need exists today for information regarding
the mechanisms of dfng interaction., The continuing increase
in the use of drugs, both individually and in combination,
has resulted in an alarming increase in the number of re-
ported cases of adverse effects attributable to drug inter-

(1) This indicates that current knowledge regarding

action.
the effects of individual agents on isolated biochemical
systems 1is inadqquatos such information is required before
adverse effects resulting from thg simultaneous use of sever-
al medicinal agents can be predicted.

When two or more drugs are sdminiltored aonougrontly.
there exists, in theory, a possibility for biclogical inter-
action at any of three different types of sites: the drug re-
ceptor, the enzymatic system or systems involved in biotrans-
formation of the drug, and other blolug%o&l systems wh;oh are
not diraot}y involved in the therapeutlg action of the drug.
Since the aalicylatea are among the most widely used drugs
and frequently are emplo;ed during other drug therapy on an
intermittant basis, further 1ntoraation'resardlng the effect
_or salicylates on 1solstgd enzymic reaoﬁlon: would provide
the foundation for the investigation of the combined effects
of many drugs on such systems,

The pharmacological response which results from a given

dose of drug is proportional to the amount of drug in the blo-
phase adjacent to the receptor. Similarly, the magnitude of



many sdverse drug reactions depends directly upon the drug
level at other receptor aze;a in the body. Important factors
‘thns determine the access of drug to its site of action in-
clude absorption rate of the drug from its site of adminis~

" tration, distribution within body tlssues, netabolic pathways
and the rates involved, and the rate of elimination. One of
the major determinants of blood and tissue drug levels is the
rate of metabolism of the drug. When several drugs can be
nat;bolltod\hw a given enzymic system, the blological half-
ltfo,ot anj of these drugs will be increased by the presence
~in the body of any of the other drugs. Such an increase in
the halrulifo_may result in an inereased inecldence of side
effects or in overt toxioity at drug doses which would be
safe 1f each drug wers administered as the sole therapeutic
agent, ‘UnEOr these conditions the basis of the adverse effeot
rausdnn 1n'Arﬁs interactiof at the enzymic level.

: This ;@v&:ﬁisutlon provides a starting point for the
study of d§a¢'interuotlon: on an isolated enzyme, alcohol de~
hrarogonahﬁg This enzyme 1s partiocularly sulted to such work
because 1t has brosd substrate specificity and becsuse reports
in the literature sugzest that engymic activity 1s affected
by salicylate, Salicylate also is a particularly appropriate
agent to employ in a study of drug interactions since it 1is
the most widely employed type of drug and since the Bali-
cylates auasa more fatalitles each year than does any other
group of drugs. This investigation has the possibility of
tdentifying an enzymic level of interaction between salicylate
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and other commonly used medicinals. Any positive finding

would provide a valuable increase in knouiodga in the area

of drug interaction.



ALCOHOL DEHYDROGENASE

Alcohol dehydrogenase (E.,C. 1.,1,1,1., alcohol-NAD-
oxidoreductase) activity has been found in a wide variety of
speclies and tissues., The enzyme has been identified in E,
c0ll end Neurospora gcrassa as well as many other microorgan-
isms; it has been found in pea, corn and rice seeds in leaves
of Mentha piperita, and in parsley, sugar beets, spinach,
sunflower and tobaoco.(z) Mammalian sources studied include
human, hog, rabbit, lamb, horse and rat liver, frog and
cattle rotina.(z) and rat brain.(3) The major sources of
commercial alcohol dehydrogenase (ADH) are yeast and horse-
liver.

Alcohol dehydrogenase plays an important role in the
visual process, It reduces to the aleohol the retinene
(vitamin A aldehyde in the all-trans form), which under the
influence of light, has been formed in a free state from the
complex with opsin. After gls-isomerization and subsequent
reoxidation by ADH to gis-retinene, a recombination with
opsin produces the visual purple again, ADH is also involved
in the degradation of fructose, It reduces glyceraldehyde,
which is formed through cleavage of fructose-l-phosphate, to
glycerol, 8ince significant ADH éatlvity has been demon=-
strated in the soluble fraction of rat bruin.(3) a cerebral
moohan;am that oxidizes ethanol may play a significant role

in local adjustments during exposure to ethanol and in the
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pathogenesis of the neural disorders assoclated with chronic
alooho; ingestion or withdrawal. In addition, LADH has an
1mpoitant role in the inactivation of such foreign compounds
as chloral hydratc(“) and p~hydraxyphenacetaldehyde.(5) an
intermediate in the metabolism of tyramine.

The reaction catalyzed by ADH is as follows:

H-GBzOH#P]i*v;—A‘—E'E-’Rv‘-WO‘bPﬂH
Where PN' = oxldized pyridine nucleotide
PNH = reduced pyridine nucleotide

The horse liver enzyme (LADH) has a molecular weight of

84,000 and contains 2 atoms of zinc per molecule.

Substrate Specifieity.

LADH possesses a very broad specificity for its sub-
gstrates; possible substrates include alcohols, aldehydes,
and ketones, This information is summarized by winer(é) and
is shown in part in Table 1. The enzyme reacts with a
variety of primary-and gec-alcohols, both aromatic and ali-
phatic, but not with tert-alcohols such as tert-butanol and
tert-pentanol, or with isopropanol or steroid alcohols (i. e.,
testosterone and hydrocortlsoné%(7) It reduces both aliphatic
and aromatic aldehydes and also aromatio ketones, but reaction
with aliphatic ketones 1s slow or negligible., In addition,
LADH catalyzes the oxidation of vitamin A, p-nitrobenzyl alco=-
hol, and ethylene glycol. The broad substrate specificity of
LADH leaves open the possibility that other chemicals, includ-
ing drugs, which are primary or secondary alcohols or aldehydes

also may be metabolized by this enzyme.
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pH Profile and Km Values. |

Acoording to Theorell and Bonniohann,(a) the pH optimum
of LADH catalyzing the azid;ttoh of ethanol is approximately
pH 8,0 under conditions in which the reactants are of the
following concentrations: LADH, & - 8 mg/ml; ETOH, 5 x 107" My
DPN, 2,5 x 10~* M (180 mg/ml), However, high concentrations of
ethanol (2 x 10°2 M and above) which far exceed the Michaelis
constant (5 x 10°* M - 2 x 10™2 M depending upon the pi) cause
‘the reaction veloeity to inorease continuously from pH 6 to be-

tween pH 9 and 10, In a subsequent study by Theorell ;;_’Ly(g)
1t was shown thap the Km for the ADE catalyzed oxidation of
ethanol or roductton of acetaldehyde is pH dependent and goes
hron;h a nintnnn between pH 7 and 8. The Em values roportad
by thcsc 1nvo-tigntcrs. for the othnnal«hana rtaotiou at pH
9.0, are 6,0 x 10““ (9) and 7.3 x 10~ l.‘ ) Their reported Km
value for the LADHeethanol reactlion atpH 9 u.tns NAD as the
variable substrate was 1,1 x 1073 M.
Inhibitors of ADH.

LADH is inhibited by several t}pﬁ: of compounds: sulfe
hydryl binding reagents and heavy metals (Hg'*, ag’, ca®”
catt, ™) Qrsnn&c complex forming agents such as o-phnh-
anthroline, 9-hydroxyquinoline, EDTA; inorganic lons such as
halogen ions, cyanide, perchlorate, sulfate, ﬁhié-snlfuto,

. thioecyanate, nitrate end sulfite; organic lons such as oxa-
' late and imideszole; fatty acids and their amides; hydroxyla-
mine; and some druss.‘1°)fnrugl which have been shown to ine-
hibit ADH include pyrazolidine drugs such as phanylbuknaoan
or its phenolie aatnboltcc.(ll) metronidazole (Plagyln) (12)
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.(13) mg structures of these three drugs
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SALICYLATE INHIBITION OF DEHYDROGENASES

The mechanism of sallicylate inhibition of several dehy-
drogenases has been shown to be reversible competition with

‘the pyridine nucleotide eocn:y-ac.‘lu’ This implies that any

dehydrogenase enzyme requiring a pyrédine nucleotide as co~
factor 1s susceptible to inhibition by salicylate, The drug
has been shown to inhibit the following dehydrogenase activi-
ties in yitro: glucose-6-phosphate, glyceraldehyde-3-phos-
phate, e -glycerophosphate, alcohol, malate, and lactate, The
inhibitory sction of salicylate on tissue deéhydrogenases 1is
therefore widespread,

The foundation for studying the effect of salicylate and
rolnted compounds on dehydrogenases was laid by Bryant, Smith
and Hines (15) wno suggested that salicylate imhibited malate
and isocitrate dehydrogenase uotlvitioc in vitro and that this
inhibition could be rcvcrtod by addition of elther NAD or
NADP. These conclusions were reached using indirect methods
to measure the effects of salicylate on the transfer of radio-
activity from labelled substrates to metabolic intermediates
of the TCA cycle in rat-liver mitochondria. Sallicylate and
resorecylate increased the incorporation of 1“@ from 1,4 - 1“0-
suceinate into fumarate, malate, and citrate but did not alter
the utilization of the 1,4 - %6 funarate when the latter was
used as the labelled subgtrate. This indicated that these
drukl had an effect on the dehydrogenase enzymes., Resorcylate,
but not salicylate, decreased the utilization of radioactive
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succinate in this system, This data suggested that salloylate
may be a specific inhibitor of dehydrogenases requiring Pyrie
dine nucleotides as cofactors., Support for this theory came
from the observation that salicylate and resorcylate inhibited
malate dehydrogenase and isocitrate dehydrogenase activities
in purified in yitro systems by competing with either HAD or
NADP. Resorcylate, but not salicylate, inhibited suceinate
dehydrogenase activity in witro. .

~ Subsequent to this study, Hines and Smith investigated
the effect of salicylates on other dehydrogenases, including
31adoson6ophosphnto. glyceraldehyde=3-phosphate, « ~glycero-
phosphate, lactate, aleohol, malate and isocitrate dehydro-

(16)

genase, These studies were carried out in a purified en-

gzyme system and can be summarized as follows:

‘ gaerk (%)
(m)

Glucose-6~phosphate NaDP* 15 20
Glyceraldehyde-3-phosphate  NAD* 1 2
««Glycerophosphate NADH 20
Lactate NADY, NADH 10,20 30,37
Alcohol NAD* 10 19
Malate , NAD* 5 40
Isocitrate NADP* 5 20

Dawkins, et al,(17) studied in further detall the mecha-
nism by which salicylate inhibits dehydrdgenases. Kinetiec
studies were carried out using purfied lactate, alcohol, malate
and isocitrate dehydrogenases, with the dual purposes of estab-
lishing the mechanism of‘;nhlbttion and of determining the in-
hibition constants, Their results showed that sallcylate
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inhibits the activities of these four enzymes and that the per-
cent of inhibition increases with increasing salicylate concen~
tration., Dialysis experiments carried out by these investi-
snﬁarl. in which enzyme solutions uuro dtnlysod in either the
pro-unéc or absence of sallicylate, showed that complete re-
activation of the inhibited enzymes occurred after dialysis.
The results of their dlalysis experiments thus indicated that
salicylate does not have an irreversible effect on LADH., In
initial velocity studies in which the concentrations of NAD
and salicylate were varied in the presence of a constant con-
eentration of ETOH, graphiec representation of the data showed
that salicylate had an inhibitory effect on the reaction rate
of LADH which was competitive in nature, This was shown by
a Woolf-plot in which NAD concentration/initial velooity was
plotted against NAD concentration, According to the authors,
the data excludes a mechanism involving competition of sall-
eylate with ETOH as the substrate because the plot of 1/initial
viloaity versus saliocylate concentration does not have a zero
slope. The theoretical basis for this type of plot will be
discussed later,

ln a study on the inactivation of cnlyunl by aspirin
and salicylate, Grisolia st al ‘'®) found that alecohol de-
hydrogenase was inhibited to s greater degree by salicylate
than by aspirin when tested over the same concentration range.
Although their conclusions are not clear, the authors seem to
indicate that the apparent enzyme inhibition noted may be due
to protein modification or inactivation by salicylate rather
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than to true reversible inhibition, Since kinetic studies

were not carried out, it is difficult to evaluate the sige
nificance of their data. ,

More recently; Lee and Spencer'9) nave studied the
effect of salicylic acid and acetylsaliecylic acid on en=
zymes involved in mucopolygaccharide synthesis. Their re-
sults showed that salicylic acid inhibits the formation of
uridine-5'~diphosphoglucuronic acid (UDPGA), an intermediate
step in the sequence of rﬁaotipnn of mucopolysaccharide
synthesis, The formation of UDPGA involves a dehydrogen-
ation reaction utilizing UDPGedehydrogenase and NAD as the
cofactor. In their investigation, it was shown that sali-
aold inhibits UDPGA formation by competing with NAD, The
authors have also shown that salioylic acld inhibits UDPGA
formation by a noncompetitive mechanism with UDPG. This in-
formation, together with other effects of salicylate and
aspirin on mucopolysaccharide synthesls, may explain the
effect of aspirin on retarding wound healing in rats.,

Investigations by Smith and Bryant 2% have provided in-
rornation regarding the relation between chemical structure
and the inhibitory action of several congeners of calieylnta
against malic dthyaroaonnao‘tn a purified enzymic system. The
structures of the salicylate congeners used by them are shown
in Pigure 2, Only salicylate, Y -resorcylate and 2-hydroxy=-
phenylacetate ltxnxfieantlylinhibttod malic dehydrogenase
activity in yitro. It was fthmtoro concluded that a general
gtructural requirement for inhibitory activity against the



\ : 1k
dehydrogenase in congeners of salicylate was a phenolic hy=-
droxyl group in the grtho position to a anfhoxyl group. The
introduction of a methylene group between the benzene ring
and the carboxyl group (2-hydroxyphenylacetate) did not re-
move the inhibitory actlizty. ABo comparable investigations
have been reported for LADH.

w ‘ )
This investigation involves an isolated enzymic system

using orystalline horse liver aleohol dehydrogenase (LADH).

' The specific ailms were, first, to confirm the reported com-

petitive inhibition of LADH by salicylate. Secondly, to

gain more information regarding the structural requirements

for the inhibition of LADH by chemicals structurally similar

to salicylate. Thirdly to study the effect of other selected

arncnycn thin system,

et i L S
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MATERIALS

B-NAD and B-NAPH was obtained from Sigma Chemical Co.
and not purified further, Horse liver alcohol dehydrogenase
was also obtained from Sigma and not purified further, The
specific activity of the enzyme was stated as follows: 1 mg
~ reduces 2,4 pM NAD per minute at pH 9.6 and 25°C, Sodium
salleylate, sodium benzoate, atropine sulfate and quinidine
W fi‘\\lﬂmo were U, 8. P, grade and phenol was reagent grade,
~ Crystallized and lyophilized bovine serum albumin was obtained
 from Signa and used without further purification. Glycine was
_ obtained from Nutritional Blochemical Co. 8111clad® was ob-
" tained from Clay-Adams, Ine, ‘

All glassware was cleaned with dichromate-sulfuric acid
cleaning solution and rinsed at leesst ten times with tap water
,3 _and ten times with delonized water. The glassware was further
| treated with a 1 in 100 solution of Siliclad” in order to in-
;[ftaro against adsorption of the enzyme to the surface of the

. glass and to facilitate accurate volumetric measurements.

NAD stock solutions (0,008 M) to be used for assays ine
volving ethanol as the variable substrate were prepared with
| detonized water and stored below 0°C in test tubes containing
- approximately 5 ml portions. These were thawed and used as
needed for the enzyme assays.
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The enzyme solutions (100 pg/ml or 200 pg/ml depending

upon whether the final assay concentration was 6 ng/ml or

12 pg/ml respectively) were prepared by weighing out the
ab)ropriata amount of engyme, transferring it to a 10 ml
volunmetric flask, and then dissolving the enzyme and adjust-
ing the volume with a solution of 0,1f bovine serum albumin
in deionized water.

95% ethanol was used to prepare 1 M stock solutions of
ethanol in glycine buffer based on the information that the
density of absolute ethanol at 20°C is 0,7893 gm/ml, Ap-
propriate dilutions of this 1M stock solution of ethanol
were made in order to prepare final stock solutions to be
used for the enzyme assays.

The initial reaction velocities of the reduction of NAD
were followed with a Gilford-Model 240 spectrophotometer at
room temperature, MNeasurements of thi changes in molar abe

. sorption were made at a wavelength of 340 mp during the early

f ‘lQ§u¢1e¢ but later were made at 365 mp to avoid interference
* \ﬁaunod by the absorption of salicylate at the lower wavelength,

?7‘ The initial reaction velocities (v) were determined from the
. tracings obtained with an external recorder (Gilford Recorder-

. MNodel 242).

In all experiments the reactions were carried out in 1 om
cuvettes and the final reaction volume was I ml, The temper-
ature of the resction mixture was slways between 21°C and 23°cC,
Since the reaction velocity was measured during & time interval

s
- of approximately 1 minute, no significant change in temperature
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ocourred as a result of the slightly higher temperature of
the cell compartment of the spectrophotometer, '

The compositions of typlecal reaction mixtures for the
control reaction and for the reaction in the presence of ine
hibitor, using either ethancl or NAD as the variable sub-
strate, are shown in Tables 2-5, The reactions were carried
out in 0,1 M glycine buffer adjusted to pH 8.,8. A typleal
experiment was carried out as follows: at each concentration
of the variable substrate, duplicate assays were run in the
order, (1) control reaction (2) reaction in the presence of
2.5 mM inhibitor (3) reaction in the presence of 5,0 mM in-
hibitor (4) reaction in the presence of 10,0 mM inhibitor.
The ingredients of the reaction mixture were added to the
cuvette in the following order:

. Ethanol as the HAD as the
Order variable substrate variable substrate
Pirst Buffer ; Buffer
Second Ethanol NAD
Third Inhibitor (when used) . Inhibitor (when used)
Pourth Enzyme ETOH
Pifth NAD to initiate the Enzyme to initiate the
reaction reaction

In the later studies, where the experiments were carried out
at a wavelength of 365 mp, entire assays using both ETOH and
NAD as the variable substrate were conducted on the same day
using ého same batch of engzyme, This uan'done because enzyme
activity varied somewhat in each experiment,

Enzymic activity was checked at various time intervals
throughout the course of a typlcal experiment (approximately.
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]‘hé;_g. Composition of gontrol reaction mixtures with ethanol
a8 the variable substrate and no inhibitor present,

Ethanol Vol, of Vol, of Vol. of Vol, of
conc. ethanol NAD LADH stock glyel

(M) stock soln, stock soln,® soln, buffer
{ml) (ml) (m1) (ml1)
2.0 x 107 0,02% 0,05 0,06 0.87
3,0 x 10°% 0.03% 0,05 0.06 0.86
5.0 x 10™ 0,05% 0,05 0,06 0.84
1.0 x 103 0,10% 0,05 0,06 0.79
5,0 x 1072 0,05° 0,05 0,06 0,84
1.0 x 10°2 0.10° 0,05 0,06 0479

a - Used 0,01 M ethanol stock solution.
b - Used 0,10 M ethanol stock solution,

¢ = Used o,ogg K NAD stock solution to give final cone, of
4,0 x 10°* M, ,

d - Conec., LADH stock solution was 100 mg/ml or 200 depend -
ing upon whether final conc. of 6 ug/ml or 12 ml respec~
tively was desired.

e - 0,10 M; pH 8,8, NaOH-glycine buffer.
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Table 4. Composition of control reaction mixtures with NAD
as the variable substrate and no inhibitor present,

NAD Vol, of ‘Vol, of Vol. of Vol. of

conc. NAD @ = 'ethanol LADH stock glyeine
(M) stoek soln.® stock soln,®  soln,® buffer
(m1) (ml) (ml) (m1)
2.0 x 103 0,02 0.05 0.06 0.87
3.0 x 103 0,03 © 0405 0.06 0.86
$.0 210" 0,08 0.05 0.06 0.84
1.0 x 107 0,10 0.05 0,06 0.79

a - Used 0,001 M NAD stock solution.

b - Used 0,10 M !uh:nol stock solution.to give final conc.
of 5.0 x 1077 N,

¢ - Cone, of LADH stock solution was 100 or 200 pg/ml
. depending upon whether final conec, of 6 pg/ml or
12 jug/ml was desired.

d - 0,10 ¥ NaOH-glycine buffer; pH 8,8,
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Gontrol Studies Relating to the Spectrophotomstric Assay.

Standard ourves were run for NAD and nana»zn which ab-
sorbance at 260 mp or 340 mp respectively was plotted against
NAD or NADH concentration in u moles/ml. As shown in Figure
3 and Pigure 4, both NAD and NADH obey Beer's Law in 0,1 M
NaOH-glyecine buffer, pH 8.8, the buffer system used for the
assays,

In order to establish the stability of the enzyme
preparation and to find a suitable enzyme concentration with
which to carry out further studies the initial veloeity was
dituwlintd at various enzyme concentrations, The results of
thess detesminations are shown in Pigure S, The sthanol con-
centrations employed were 1.0 x 10™* M, 1.0 x 10°3 ¥, and

1,0 x 10°2 M, and represent the range of substrate soncen-

trations used in subsequent assays, It can be seen that at
each substrate level the initial velocity of the reaction in-

creases linearly as the enzyme concentration increases up to

8 pg/ml.

Lontrol

An initial control assay was carried out to determine

Km for ethanol in the reaction catalyzed by LADH. Pigure 6
shows the Linewegver-Burke plot for this determination,
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The Kn value of 6,06 x 10°% M thus obtained is in good agree-
ment with that of Theorell gt al.'”’ Although eleven dirferent
~ ethanol concentrations were used for this assay, the data were
. sufficiently reproducible so that fewer substrate levels were
‘ quyu_mmym. The average Em value obtained in
seven different assays was 5,61 x 10" M and the range was
4,20-6,45 x 10°% M,
Inhibition by galicylate

!lu erout of salieylate on initial velocity when ethanol
mmmmwmu is shown in Pigure 7, It can be
ssen that at the mumnnm employed salicylate does in-
 hibit the maum. nu:mgn these data are not complete
 enough to permit w conelusions regarding the nechanism of
 this inhibition, the data suggest that more than one mechanism
whmlm. mm&mnhnwmmottmo '
i different mechanisms may depend upon the inhibitor concentras
1 '_ tion, A comparison of the slope of the control reaction with
that in which 2,5 mi salicylate was present suggests that the
inhibition may be uncompetitive or noncompetitive, while a

~ ocomparison of the slope of the control reaction with those in
. which the saliocylate concentration was 5,0 or 10,0 mM umnfu

" Shat the inhibition may be mized. The data have been graphed

in another manner, as oM:L mmnwzuum velocity
~ versus ethanol concentration, in an attenpt to clarify the

~ nature of the inhibition, This information is presented in
~ Pigure 8, The slopes of the limes in this graph also suggest
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that the cfrcct of mzumm is one or produung a l.t:ua tm
ar muum at high mmnm.

Inhibition by Phenol

mmummmmumunuwhn.
m1mnmuuummmmum«mmo
reaction with ethanol as the variable substrate., This can be
seen by a comparison of Pigures 7 and 9, in which salicylate
and phenol respestively serve as the imhibitor. In contrast
to the situation with salieylate, phenol appears to produce a
i mixed tm of inhibition at all levels tested. This cone
_ clusion appears justified both from the Iineweaver-Burke greph
~ (Pagure 9) and from the graph of ethanol concentration/initial
nhqtty versus ethanol concentration (Pigure 10).

Effect of benzoate

The initial reaction viluﬂtu in the presence of equivae
lent congentrations of benzoate were not significantly different
from the control values using ethanol as the variadble substrate.

Pigure 11 shows the Lineweaver-Burke plot from which Km
was determined for the NAD-LADH reaction, The Km value thus
obtained 1s 2,78 x 10*5 K. The Em value obtained by Theorell
ot gl ‘2) was 1.1 x 2075 K at pH 9.0.
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Inhibition by galloylate
Pigure 12 shows the results obtsined with salicylate as

the inhibitor and NAD as the variable substrate, The results
appear to confirm the competitive nature of the inhibdition
which has been reported by Dawkins gt alil’’ The correlation
coefficient for the points using W‘Mm salicylate concen-
tration was very low and the regression line is. not shown in
Figure 12, However, the possibility exists that the inhibition
may not continue to be competitive at a salicylate concentra-
tlen of 10 mM, |

~Znibition by phenol

mmira: 13 and 14 show the complex nature of the mibh
tion when phml was tested at the same mmtranm as
salioylate. mzu. the mtm of ttu inhibition appears to
depend upon the imhibditor concentration. It ie of interest to
note that the inhibition appears distinetly non-competitive at
the high phenol concentration (10 mM). Lt

Effeet of quinidine and atropine

Atropine sulfate and quinidine sulfate were tested as
possible substrates for LADH., The concentrations of these
drugs was 1,0 x 107 M in the assay system consisting of
6 pg/ml LADH, 4,0 x 10°¥ M NAD, and 0,10 M NaOH-glyeine
buffer, pi8.8, Por both drugs, it was found that there was
no significant ohange in absorption after about 15 minutes ine
cubation, This indicates that these two drugs are not metab-
oliged by LADH under thov eonditions employed.

-
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' m_'b Absorbance of NAD* 260 mp in 0,1 M glycine buffer,
e
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mﬁ.’ Absorbance of NADH at 340 mp in 0,1 M glyocine buffer,
CaDs
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The effect of LADH concentration on iniflal reaction
Each cuvette tained: m. b,0 x 1 M; LADH;

guam buffer, 0,1 M, 8,83 e Gﬁa 2 The ethanol con ma- %

ions IOngo s 20
O—0 & 20 % 10" .

Oty * 100 ‘ 1
» xnn;m veloeity (v) was neasured as sho

increase in uhuorbmu at 340 e



1.2

1.0

0.8

V (aa/min) x 10

0.2-

LADH ~ CONCENTRATION | pg/mi)
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Determination of the Km for ethanol in the reaction

autse

iyzed by LADH.
plotted versus the reci
Bach cuvette contained:
glycine buffer, 0.1 M, pH 8.8,
measured as the increase

The reciprocal of the initial velocity is
1 concentration,

' M; ethanol, LADH,

Initial velocity was

in absorbance at 340

1 of the et
NAD, 4,0 x 10
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m_z. Inhibition by salicylate of the LADH-ca

on with ethanol as the variable substrate. The
reciprocal of the initial velocity is plotted versus the
reciprocal of the ethanol concentrat; m. Each cuvette
contained: ethanol; NAD , 4,0 x 1 ; LADH, 12 ng; ’
glyeine buffer, 0,1 N, pH 8,8, mzwun congentrations
emp. Were: e—e nNONE; 0—O 2,5mM;0—0 5.0 mM; A—A
10,0 mM. xxmm, velocity was measured as increase in
absorbance at 365 mp,
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Inhibition by salieylate of the LADH-catalyzed
with ethanol as the. mwm substrate, 1
muuliuxuu velooity is |
Bach cuvette conta
M3 LADE, 12 pgs glycine
Salieylate concentrations empl
O0—O 245 mi; 0—0 5.0 mM; A~—A
mmvd as xmma in ab-orun« at 365 lp.

otted versus ethanol

~ ethanol; HNAD,
uffer, 0,1 M, pH
‘were: 00— , mm:
muu 'nlocity

J
Mp‘ x 10
0,0 mi,
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+ Inhibition by phenol of the LADH-catalyzed reac-

ion ethanol as the variable substrate, The reciprocal
of the initial veloeity is plotted versus the reciprocal of
the ethanol copcentration., Bach cuvette contained: ethanol; .
NAD, 4,0 x 10™% M; LADH, 12 pg; glycine buffer, 0.1 M, pH 8,8,
Phenol concentrations employed were: e—emnone; O—0O 2.5 mM;
O—0O 5.0 mM; A—A 10,0 mM, Initial veloclty was measured
as increase in absorbance at 340 mp.
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Mi“mhltzon by phenol of the LADH-catalyzed reac-
ion with ethanol as the variable substrate, Ethanol con-
centration/initial velocity is plotted versus ethanol con-
centration, Bach cuvette contained: ethanol; NAD, 4,0 x 10
M: LADH, 12 pg; glyeine buffer, 0.1 M, pH 8.8, Phenol con-
centrations employed were @@ none; G—0O 2.5 mM; 1 5.0 mi;
A—A 10,0 mM, Initial velocity was measured as increase in
absorbance at 340 mp. ‘ s :






& : w LADH., The reciprocal of the initial velocity
is pmm versus the reciprocal of the NAD_concentration.
 cuvette mmm: ethanol, 5,0’ x 10=3 M; NAD, LADE,
“the tmma in uhcm at 365 mn.
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Bﬁmmuen of the Km for NAD in the reaction
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12, Inhibition by sallcylate of the LADH-catalyzed

on with NAD as the variable substrate, The reciprocal
of the initial veloecity is plotted versus the reciprocal of
the NAD osnu_n‘tntzu. Each cuvette contained: ethanol,
5,0 x 10=3 M; NAD; LADH, 12 mg; glyecine buffer, 0.1 M, pH 8.8,
Salieylate concentrations employéd were: ¢—e none; O—O
2,5 mM;0—0 5.0 mM, Initial velocity was measured as the
increase in absorbance at 365 mu. '
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Inhibition by phenol of the LADH-gatalyzed reac-
HAD as the variable substrate. The reciprocal of

m mtux veloeity is plotted versus the reciprocal ef m

KAD tion, Esch cuvette contained: ethanol,

g.o x 107 M; NADs; LADH, 12 pgs .mm buffer, 0.1 l!. pH
+8, Phenol concentrations were: ¢—e nonesqo—o

2.5 mM; M 5.0 mM; A——A 10, Initial veloecity was

measured as the increase in nurm at 340 mp,
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Inhibition by 1 of the LADH-gcatalyzed reac~
, m as the vay substrate, NAD concentration/
mm mw is plotted versus NAD concentration, Each

d: ethanol, 5:0:10“33; HADs LADH, 12 ngs
gmm iffer, 0.1 N, 8.8, Phenol concentrations
wWere: o —9 nonejo—o 2,5 mM; 0D 5.¢ nfs A—A 10,0 mi,

mtm veloecity m mu as the inerease in absorbance

M " e
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DISCUSSION AND CONCLUSION



A drug may be defined as a chemical which lnteracts
with some component or components of a living system to pro-
duce & therapeutic effect. This interaction takes place at
that site designated as the receptor, and results in initi-
ation of certailn specifie, physiological chpnges in the 1liv-
m system, In addition to these drug-induced alterations
which are advantageous to the system, most drugs also pro-
duce other, less dnlrnm.c alterations in function, which
are ‘um&d at adverse or toxic effects, depending on the

mﬂty of the response initiated, The simultaneous admin-
umtitm of several therapeutic agents inereases the in-
cidence of such adverse effects gince not only may each Ang
produce Mntru actions on the body, but in addition the
‘drugs may imgmt on the molecular level to result in even
uutw magnitude or incidence of undesirable actlion,.

The investigations reported here represent preliminary
studies aimed to elucidate a possible molecular site for drug
interaction. Salleylate was chosen as a model drug for in-
vestigation since this group of analgesic-antipyretic agents
is extremely widely used today., The molecular level chosen
for CM m the enzyme alecohol dehydrogensse from horse
liver. This enzyme appears to be ideal for studies of this
type because it is avallable from commercial sources in a
highly purified form, because other investigators have re-
ported it to be inhibited by ;lllcrhtu. and because it has
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. an unusually broad substrate specificity. The ptmdlu carried
out in this laboratory were based on the premise that the broad
substrate specificity of the enzyme may indicate that other
dnsa ulm can react with it, and that tmu other drugs may
serve either as alternative substrates or as inhibitors for

' the engzymic reaction, ‘

The data presented confirm that salieylate does inhibit
LADH, Although the data are not complete enough to permit de-
termination of the mechanism of salicylate inhibition of LADH,
they do suggest that the inhibition may be more complex in
nature than previously reported by other investigators. The
effect of salioylate on initial reaction velocity when ethanol
was the variable substrate suggests that more than one mech-
anism may be involved and that the relative importance of these
different mechanisms may depend upon the inhibitor concentra-
tion, This possibility apparently has not been considered by
Dawkins st al. (3} fneir studies were carried out at salicylate
mmtnﬁam nu&u from 1 nM to 5 mM, a concentration
nm‘muh may not be wide enough to permit observation of
 the results reported here, In addition, the graphic presen-
tation form employed by these authors is not sufficlently
acourate to peruu others to determine whether other inter-
pretations of their data may be valid,

The effect of salicylate at concentrations of 2.5 and
5,0 mM on initial reaction velooity when NAD was the variable
substrate appears to confirm the competitive nature of the
inhibition reported hy' Dawkins gt g‘l‘” However, in order
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to make more equivaslent comparisons with their data, further
studies should be carried out ufider the same reaction con-
ditions., The studles of Dawkins gt gl were carried out at
pil 10,0, whereas the pH at which the assays in this invest-
Lsution were carried out was 8,8, It is possible that tho.
 mechanism of inhibition may be pH dependent,

The study of the structural requirement for salicylate

inhibition of LADH when ethanol 1s the variable substrate
" hes shown that benzoate has no imhibitory effect on the en-
gyme, whereas phenol is & more potent inhibitor than is
salicylate, The fact that phenol is able to inhibit LADH
1s of interest since Smith and Bryant‘2%) found no inhivi-
 tion of malic dehydrogenase by phenol. In contrast to the
situation with salicylate, phenol appears to produce a mixed
type of inhibition at all concentrations tested when ethanol
was used as the varlable substrate, When NAD was used as
~ the variable substrate, the inhibition by phenol appeared to
depend upon the inhibitor consentration; the inhibition
appears distinetly non-gompetitive at the high phenol concen=
tration (10 mM) when NAD was used as the variable substrate.
Purther studlies are needed to determine whether this inhibie-
tion by phenol is similar to that of salieylate or whether
an irreversible process such as protein dematuration is ocourr-
ing. _ :

- The fact that the studies involving salicylate did not
51;“ results which indicate a distinot mechanism of inhibition
may be explainable on ﬁu basis that LADH has recently been
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shown to occur in multiple isoenzymic fognm‘zn In these
preliminary r&m‘u. these isoenzymic forms of LADH have been
shown to have different substrate specificities. Difficulty
in m ;nurmumm of mmtal data may arise iAf differ-
ent commercial sources of LADH vary in the composition of the
isoenzymic forms of LADH since this would produce variations
in data obtained with specific substrates or inhibltors.

In conclusion, it is .mtt‘sm&* that phenol was shown
to be a potent inhibitor of LADH and further investigations
will be necessary to determine the mechsnism of the inhibi-
tion and m&m other drugs containing a phenolic hydroxyl
group can be expected to inhibit LADH also. Mupohtxm
~of these studies are to test other drugs as substrate for
 the LADH isozymer and then to determine the type of imhibition

by salieylate or phenol, Possible drugs to test initially in-
clude chlcmmutnl. pyridoxal, ibuhvm:rm:’tn. upm:
gin, hydroxyzine and perphenazine. It would also be of in-
' ‘terest to investigate the effect of some of m( netabolites
of salieylate such as gentisio acid and the glucuronide and '
cz.yéxm conjugates of salieylic acid on the activity of horse
liver alcohol dehydrogenase. | |



1.)

2.)

3.)

b)

5.)

6,)

- 7.)
8.)

9]

10.)
11.)

12,)

13,)

Ogilvie, R, I, and J, Ruedy, "Adverse Reactions
During Hospitalization®, Canad, Med, Assoc.
Journal, 971 1450 (Deec. 9, 1967).

Boyer, P, D., Henry end Karl Myrback (Bditors).
*m; Enzymes®™, MHMM. 2: 25, Academic
Press, London, 19‘3;

Raskin, N, H, and L. Sokoloff, "Brain Alcohol Dehy-
drogenases®, Science, 162: 13 (Oct, 4, 1968).

Friedmen, P, J. and J, R, Cooper., “The Role of Alcohol.
Dehydrogenase in the Metabolism of Chloral Hydrate",
J sol. and Exp. Therap., 129 373 (1960).

Parke, Demnis V. "The nmmurs of Porelgn Compounds®,
- Per, Press, New York, 1968,

Winer, Alfred D. "A Note on the Substrate Specificity
- of Horse Liver Alcohol 1 )genase®, Acta Chem,
Seand., 12 (No, 8): 1695 (1958).

Boyer, P. D.y 2% 8le 9B+ @iy Pe 39

Mn. H, and R, Bonnichsen., "Studies on Liver
Aleohol Dehydrogenase I. Equilibria and Initial
mﬁm Veloeities®, Aeta Chem, Scand., 5: 1105-1126

Theorell, H., A. P. Nyga and R, Bonnichsen, "Studies

on Liver Alecohol mncmu I1I, The Influence of
pH and Some Anions on the Reaction Veloelty Constants®,
Acta Chem, Seand., 9: 1148-1165 (1955).

Boyer, P. D. , gt 81, 9B+« git., P. 46

Wallenfels, K., H, Sund and H, Diekman, Biochem. Z.,
329t 48 (1957).

Edwards, J, A, and J, Price., "Hetronidazole and Human
Aleohol Dehydrogenase®, Nature, 214%: 190

Khouw, Lir Boen, T. N, Burbridge and V, C, Sutherland.
"Phe Inhibition of Alecohol Dehydrogenase I. Kinetic
Studies®, Bilochem. BEt, Blophys. Acta, 23:. 173 (1963).



14,)

15.)

16.)

17.)
18.)
19.)
20.)

21.)

, 45
8’&1th' M, J, H, and P. K, Smith, *The 3&11671&’;0!!

A Critical Bibliographic Review", Interscience
Publishers, New York, 1966, p. 6i,

Bryant, C., M. J. H. Smith and W, J. W. Hines,
"Effects of Salicylate and ~-Resoreylate on
the Metabolism of Radioactive Succinate and
Punarate by Rat-Liver Mitochondria and on
?;gzgfosenaat Enzymes®, Bilochem., J., 86: 391

Hines, W. J. W, and M, J. H. Smith., "Inhibition of
Dehydrogenases by Salicylate®, Nature, 201:
192 (Jan, 11, 1964).

Dawkins, P, D., B, J. Gould, J, A, Sturman, and
M, J, H, Smith, “The Mechanism of Inhibition
of Dehydrogenases by Salicylate®, J, Pharm,
Pharmacol., 19: 355-366 (1967).

Grisolia, 8., I. Santos and J, Mendelson., "Inacti-
vation of Enzymes by Aspirin and Salicylate®,
Nature, 219: 1252 (Sept. 21, 1968).

M'p ‘n un' .M ﬂ. l» ﬂmﬂr. 'Stwli.‘l on th“

- Mechanism of Action of SBalicylates Vi Effect
of Salieylic Acld on Engymes Involved in
nucep:%{ynauharldon Synthesis®, J. Pharm, Sei.,
58 (1969)

.

Smith, M. J. H., and ¢, Bryant., "The Inhibition of
Malic Dehydrogenase by Salicylate and Related
?gg % ®, J. Pharm, Pharmacol., 1§: 189

Pietruszko, R, and H, Theorell, "Subunit Composition
of Horse Liver Alcohol Buhynr;g;nslo'. Arch,
Biochem. and Biophys., 131t -298 (1969).



	i-1
	ii-1
	iii-1
	iv-1
	001-1
	002-1
	003-1
	004-1
	005-1
	006-1
	007-1
	008-1
	009-1
	009a-1
	010-1
	011-1
	012-1
	013-1
	014-1
	015-1
	015a-1
	015b-1
	016-1
	017-1
	018-1
	019-1
	020-1
	021-1
	022-1
	023-1
	023a-1
	024-1
	025-1
	026-1
	027-1
	028-1
	028a-1
	029-1
	029a-1
	030-1
	030a-1
	031-1
	031a-1
	032-1
	032a-1
	033-1
	033a-1
	034-1
	034a-1
	035-1
	035a-1
	036-1
	036a-1
	037-1
	037a-1
	038-1
	038a-1
	039-1
	039a-1
	039b-1
	040-1
	041-1
	042-1
	043-1
	044-1
	045-1

