Kinetics For Thelnhibition of Serum Acetylthiocholin Esterase Activity by Some
New Phenobarbital Derivatives.

Abstract:

This work addresses the kinetic analysis-onthe interaction of some new
prepared Phenobarbital derivatives (A,B,C,D) wittman serum acetyl cholinesterase. It
was found that these compound (A,B,Ddes have inhibitory effed at different
concentrations (1410°, 108, 10%°M), andwereobservedhatto havelevated inhibition
with increasing concentratign Frem—(l(rloto 10°M_of concentration for both

compounds Aand-B andelevated inhibition with decrease concentratiomfrt0™to 10

O\ for D. The effecs of each A,B,andD was reversible in nature. Adif the results

abeutforC compoundwas-wereneglected. Michaelis- Menten constant and maximum
velocity for hydrolysis of acetyl thiocholine iodidby Ach Ewere-wagetermined in
control and treated systems. Line weaver-Burk atat their secondary reptondicated
that the nature of inhibition was (competitive ancentration 10, noncompetitive at
10" for A}, {non-competitive at 19, competitive at 1¢° for B), {non-competitive at 10
4 _and uneempetitivenon-competitiveat 10*%for D,) respectively. The value of; kvas
alsoestimatedalsa The action mechanismef-actionof these types of compousdcting

as inhibitors to the Ach E is suggested.

Introduction:
Acetylcholinesterase (AChE, E.C. 3.1.1.7) is foumanany types of conducting
tissue: nerve and musclg central and peripheral tissues, motor and serfdmeys, and

cholinergic and noncholinergic fibers. The activitfyAch E is higher in motor neurons

than in sensory neurdns[1-B]. AChE is also founthired blood cell membranes, y\{hfe/reﬁ Comment [ul]: Please check the
references’ format.

it constitutes the Yt blood group antigeRe-Thisenzyme exists in multiple molecular
forms, which possess similar catalytic propertiag, differ in their oligomeric assembly
and mode of attachment to the cell surfacethievmammalian brainthe majority of
AChE eceudrsexistas a tetramerica G4 form (10) with much smaller amounts &f

monomeric G1 (4S) form [4].

The catalytic triad (Ser-203, His-447, and Glu-384)numbers refer to the**‘[Formatted: Indent: First line: 0.5"




amino acid position of human acetylcholinesterasehavébeen shown to béocaed
locatedat the base of an active site gorge, witbperipheral anionic site in the rim of
this gorge, including residue§Tyr-72, Tyr-124, Trp-286, Tyr-841 and Asp3j’4
Interestingly, these two sites have bedmseribed—dsund to beworking in tandem,
where eceupationthe rolef the-peripheral anionic site can decrease or increhse
activity atthe-catalytic site. For example, at high concentratidizgh acetylcholine and
acetylthiocholine have been shown to biagberipheral anionic site, leading to substrate
inhibition as a result of reduced substrate hydislythrough steric blockade and/or
conformation change in Trp-86 and Tyr-133 residuigsin the active site gor§@

A—eCholinesterase inhibitor (or "anticholinesteraseippesses the action of the
enzyme becaussf-theessential function chemicals that interfere with #iction of AChE
are potent neurotoxingausigwhich causeelxcessive salivation and eye-watering in
low doses, followed by muscle spasms and ultimatddath{The examples are
reversible inhibitor compoundshich-funetiorthat actasthe reversible competitive or
non-competitive inhibitors of cholinesteraase-thosthat most likely to have therapeutic
usestheseTheseinclude {organophosphates, carbamates, phenanthrene dexsatid
Tacring. Quasi-irreversible inhibitor compoundshich—functiorthat act as quasi-
irreversible inhibitors of cholinesterase a@h®semost likely tohavebeuse as chemical
weapons or pesticideandthese includgsarin, somanandphenmediphap.

Phenobarbital or phenobarbitone is a barbituratbjch first marketed as
luminal;its-It is the most widely used anticonvulsant worldwide #émel oldestthat is
still commonly used. It also has sedative and hypnotic propertiesas-wittcompared
to other barbiturateshas—beeit was superseded by the benzodiazepines for these
indications. The World Health Organizatieecommendgecommendeits usge asthe
first-line for partial andgeneralized tonic-clorgeizures in developing countries. It is a
core medicine in the WHO Model List of Essential ditgnes, which is a list of
minimum medical needs forlmaicbasihealthcare syste‘ﬁ’l In moreaffluent countries,
it is-waso longer recommended as a first or second-linécehaf anticonvulsant for
most seizure types though it is still commonly usetteat neonatal seizufds

Our study involveghe preparation of many new compoundeghich derivatives

from Phenobarbitahatwhieh-have biochemicakapertantimportancesThey are studies



and characterization by spectrum methods (U.V,aiRl C.H.N) withthe determination
of RF valuesoefRF. Fhis Thes@erivativeswereobtaired from the preparation of ester by
the reactionof 5-ethyl-5- phenylbarbituric acid withethylbromotate then-Theester
will-bewas thenreacs with aqueous hydrazine and utilizes iderivatives to prepare
Schiff's bases. Phenolbarbital derivatives regliee big—largdension according to
biological activitieswhich-thaproved it, for example: these compoundgere mostly
utilized as anti spasmodignd—the—eotherith some of themas anti microbial and

antifungaf'®*'). Biological activity of Schiff's due tdhe presence of substitutes N-

benzyldine derivativevhich-requires this type of compoursigood biological activity due
to some then-group which—ighat represent thecere—of-Schiff busescore such
as:salicylidene aniline and its derivatives, and thst lis very useful as antimicrobial,
fungi static agents and exhibit antitubercular\aigti'®. There are many Schif base
molecules thatare useful in life such agRhodopip-which curtaired from the eombine
combination ofitamin A with macroprotein (opsin}ir-In addition Schiff's bases have
medical property-propertiesuch as diuretic and cordiotonic, and these comgoun
werederivativederivativedrom furfuraf*®. Cholinesterase is found in all excitable tissues
whetherin thenerve or muscle, centtar peripheral, cholinergic or adrenergic, motor or
sensory, in most erythrocyte and in placental #gsiasmachelinesteras€holinesterase
is mostly found much more widely in the central and peripheesvous system, imest

Materials and M ethods:

Materials:

Acetylcholinesterase activity was assayed by Ellnathod"®. The principle of
the method is the measurement of thete—efproduction rate of thiocholine as
acetylthiocholindgs-washydrolyzed. This was accomplished by the continueastion of
the thiol with 5,5-dithio-bis-2-nitrobenzoic aci®TNB) to producehe-yellow color of
5-thio-2-nitrobenzoic acid. The rate of color protion iswasneasured at 430nm.

All compounds studied were prepared as followiBygrefluxing the mixture of
£6.9gm_}5-ethyl-5-phenyl barbiutric acid with {10gnj}{,bromoethyle acetatefor
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(6hours Y*81the The product wasthen vaporized under vacuum pressure utitié
appearance of white crystal (ester), thémgm }Hrom-ester was treated wif2.5gn) of
aqueous hydrazine and refluxing the mixture doother{6hours}-a-gairto produce
hydrazine derivativethen—0.5gm} of it—the mixture was theefluxing-refluxedwith
{0.3gn} of aldehydes and ketons {&5ml Eethano} for {4hour.}the-The mixture was

- {Comment [u3]: What is suitable solvent? J

Blood sampling:
Five ml of blood wasiewneddrawrfrom the same subject by vein directly after

the-clotting, in centrifuge at 3000rpm for 10mbhke-The serum sample waghen

separated and used immediately as a source of @enzym

Methods:
1) IAchE activity was determined in human serum gigiie method of Ellmanetalas - - { comment [u4]: Typo error + AchE change
b~ to AChE. Thank you.
follows: “{ comment [u5]: Please check the
formatting.

{50uL}-of DTNB solution (0.001M) is added #2.25m}) of sodium phosphate
buffer solution PHpH=7.3,0.2M), thend0ut)-of serum-isaddedby 1QuL of serum is
mixed well and{2ml}-of the mixture is transferred to a measuring céting) after
thatsthen-Then {34ul} of acetyl thiocholineiodide (ASChl 0.06M) is addége-The

changs in absorbency is measured before and after addmgubstrate &430nn} for

£3min). The enzyme activity is calculated thg-concentration iu mole of the substrate
hydrolyzed to each (ml) of samgla {3min) and expressed -&smole/3mir/ml}. ]

2) A stockconcentratiorsolution (0.01M)eencentration—dbr each compourglin table
(1) is-has beeprepared and then different concentratig¢i0?10% 10108 _and 10
1%M)of each compoundrewereprepared by dilutingt with dimethyl sulfoxide (DMSO)
as solvent. ChE activity is measured in human sexsifiollows:

{50uL} of DTNB solution (0.001M)is added #2.25m} of sodium phosphate
buffer solution PHpH= 7.3,0.2M), 0.25ml of inhibitois-was mixed with 2ml of the
same buffer, the10ul) of serum is added, mixed well ag@mb-of the mixtureis
wadransferred to a measuring cell (1cm), tigduly of {AChI (0.06M)is-wasadded, the



changs in absorbency is measured after adding the subsata430nm for 3min The
inhibition percentagds-wagalculated by comparing the activityetweenwith and

without inhibitorargdunder the same conditions according to the equation

%Inhibition =100 - x100_the activity in the preserof inhibitor

__ -7 Comment [u6]: Please rewrite the
equation, it is not clear.

3) A constant concentration of inhibitors (fl,adlopL) (higher and loweresoneentration
of —inhibitors(10°M is—wa®xcluded in the—thisstudy due to precipitation during
experimenfis-were beingsed with different concentrations of substrat®Z00.04, 0.06,
0.08M) to study the type of inhibition. Thed#dferentconcentrationsrewereprepared
frem-usinghe stock solution (0.1M)f AChl. The enzyme activitiswagletermined with
and without therhibitiensinhibitorsusing the lineweaver —Burk equation by ploting 1/V

vs. 1/[sf*®.The following values wer¢hen calculatedas follows* 1) Kj, , 2)Apparent

Vmax(Vmapp , 3) Apparent kn(Kmapp , 4) type of inhibition.

Results and Discussion:

An AChE inhibitor is a chemical that inhibitse-cholinesterase enzyme from
breaking down acetylcholingndincreasing botlthelevel and duration of action of the
acetylcholineneurotransmitteacetylcholiné ),

AChE activity in present studyashas beeassayed in the absence and presence
of new Phenobarbital derivatives under differenbsttate concentrations. A series of
compounds in tab{é)-is-weradesigned to investigate the effects of these newat&ves
of Phenobarbital om vitro AChE activityin-vitro.

Before each set of inhibition experimem®&re conductedthe Km and Vmax
were determined by using four different concentrai of acetyl thiocholineiodide (0.02,
0.04, 0.06, 0.08)M as in figure (1).

The effect of four concentratiorg-oneach inhibitors (A,B,Gnd;D) in ASChE
activity is illustrated in figure (2).

We paida little attention to compound C, whighewsshowedinclear inhibition



to enzyme activity in figui®)}—as a result ofurcompleteincomplete dissolving
dissolvendf these compound in DMSO. Frothe above figureswe noticel that the

changs of AChE activity with [I] is-wasvery wide-significanin /A &andB and-adt - f Comment [u7]: Please check the

formatting (& or and).

increased from concentration 46 10%°in contrast, shows little inhibition in D but from
concentration 18%o 10%.The Michaelis — Menten constantrf and maximal Velocity
(Vmax of AChE with different concentratigrof substrate with inhibitor A,Band D)}
were determined from plots in figure (3), and amnmarized in table (2):

It is-wasvery clear from this presentation thagkvas higher in the presence of
Phenobarbital derivatives. This indicates thataffimity of ASCh (substrategleacreases
deacreaséd the presence of each inhibitors for both concentrati@g, 10*4Mm).

The biochemical tests revealed that all compgunavecause good inhibitory
effects on enzyme activitin table {3).The normal value ofhe-enzyme activityrange
rangindetween(1.5 — 2. Fumol/3min/ml.

FhatThismears thathegreater inhibition of A&and iswaslemonstrated at
concentratiof10*Mandin compound D &L0°M} as shown in figure (4):

#s-It has beeabserved that the substitutedth—of2-nitrobenzil (A) and 4-
hydroxy benzyl (B) and 3-nitro benzyl (D) derivass of Phenobarbital compound
exhibits the main cause of inhibition and differgatsition of NQ@ group in A&and,
which also show that the inhibitory effestof D inversely to A. Irthe same lingthere
arewere alsother studies thatrereferreferringo the inhibitory effect of some classes of
compounds on enzyme activity such as phenindionganophosphat€d, —and
carbamatd8® tacriné”?, andprophirt®.

Study Type of Inhibition:
The second part of this studpelude-is todetermine the type of inhibition
andkinetic parameters fKapp, Vmapp, and K ) at different concentrations of substrate
and under the same conditions by using LinweavekBguationand-one—plottedhs
shown in figureg5 and);-table{4.)-
The results demonstrated that (AdhdD) exhibit different type of inhibition at
concentrationg10*, and[10™%. |Unlike the situation of irreversible inhibitiohgwever - {Comment [u8]: Please add the unit. M7

the bindingis-wasweek-weak and the enzyme activitis-has beerestored when the



inhibitor dissociates from the enzyme inhibitor gdex. The hydrolysis of acetylcholine
by the acetylcholinesterase involves initial attatkhydroxyl group of the amino acid
serine residugto form covalent borgl with the carbonyl carbon of acetylcholine and
the attractive-attractiorof the-acetylcholine cationicheadsthat headintp the enzyme
anionic site, which leads to the formation of atwtglinesterase-acetyl choline
complex(ES)afferwardsAffer thatthe acetylgrougs-wascatalytically transferred to a

serine residughatpresent at the esteratic site while choline mokesulvadost and later

the hydrolysis takess place to produce acetic acid and regenerated ef?yme
In order to understand the action of A@dD as inhibitors to cholinesterase

enzyme, the following proposed mechargsmshave beestudied :

. a) Molecular interactions between the atomasn;O of the Phenobarbital moieties
with the active site.

. b) The Phenobarbital compounds containing maietief substitution N-
benzylidinederivatives.Froed et &°., suggestsuggested tikeory of non
competitive inhibition based on the binding of initor to the acetyl enzyme and
the-free—enzymavas provento becorrect by demonstrating that inhibition ion
increass the steady-stade concentration of acetyl enzyreegyradicted by the
theoryby-Incontrast, the traditional theostatedthat the inhibitorbind-that is
bondedo the enzyme-substrate complex and free enzymas prediets
predictedhat the amount of acetyl enzyme will be drasticadiduced when the
inhibition is high A third theory involving allthesethree types of binding
remains possible.

Conclusion:The presentstudy concludes that aromatic Phendhrderivatives
showed an inhibitory effect on AChE with differdppes of inhibition.



