CHAPTER I

GENERAL REVIEW OF THE LITERATURE

INTRODUCTION

Pepper is one of thé“eldes ar/@ rtant member of the

flavoring agent %

spices, and is still )
It was used by the .afi®ieft Greeks and was highly valued by the
Romans. The search { £ de -.‘_ India was to some
p— - per which, during
the Middle Ages, J‘ rrta.nce in Western
Europe. It is sti ; : Sivel a condiment and
flavoring for all types 1A :: ‘ 'for preserving and
pickling, and in the ketchups, brandy,

etc. (Pruthi, .e, black pepper

fi

and white pepper, ob : ma.nd seeds of Piper

nigrum, black pepper, con31st1ng of the dried ground fruits
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seeds. The ency of pepper is due to the pres e in the

st @ RIS I s

plperme, which is present to the extent of 4.5-8% (Govindarajan,
1977).
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0 CH=CH—CH=CH—C—

Piperine, the
Piperaceae family, the omposition C 3y 7H; 903N, molecular

weight 285.16, ripe fruit (white

r) - (hewis,3977). ‘It

brasilliensis (Lewis ik rolyzed to piperidine

and piperic acid (Gla.sby, 1976). Plperme is a neutral or feebly

i, ) AW S e i

soluble in aldbhol and when pu‘re is colorless, and wlthout taste
an Wﬁ%ﬁﬂﬁﬂ%ﬂﬁ’] By nienm
Linn. ) long pepper (Piper longum Linn.) are commonly used in

many regions of the world (Govidarajan, 1977).

Pepper is an aromatic carminative stimulant, and is also
supposed to possess febrifuge properties. 1Its action as a
stimulant is more especially evident on the mucous membranes of

the rectum and urinary organs (Bose, 1928) . Externally applied,



it is rubefacient. It is regarded as a useful remedy in
haemorrhoidal affections, and in relaxed conditions of the rectum
attended with prolapsus, it is also sometimes employed as a
substitute for cubebs in gonorrhoea. It is likewise given in
combination with aperients to facilitate its action and prevent
griping. As a masticatory, \“ ly applied as a gargle,

pepper has been found a, paralysis of the

tongue, and in other =z throat. The use

of piperine in high strong sensation
of heat which incre and of severe
pain without inflamms ), . erine also has
respiratory stimulapt z ORI T 7 reperties in various
laboratory animals (KulShpestha | ), 1971; Singh et. al.
1973)). The central selt OF n of ‘piperine was ascertained

‘-‘;"7— i ..i' =1
to be in the brain stem. -rfﬁ’h‘flg:-‘gf ' ed as an insecticide

and antihelminticl Henta—lermate = J945; Harville,

1948; Harville et. g 19

and Tanimura, 1966; S‘t’ 1977; Su and ndengam, 1980)
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PHARMACOLOGY O}I PIPERINE

ARSI UANANNAL. ...

Dequte its long use,

, 1983; Matsubara

on the biological activity of piperine and the crude extract from
plants (Toh et. al., 1955; Neogi et. al., 1972; Lee et. al.,
1984). Piperine is considered to be the active principle of
various Piper species which are commonly used for a condiment and
employed in folklore medicine for treatment of asthma,

bronchitis, pyrexia, insomnia and abdominal disorders (Atal et.
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al. 1975; Perry, 1980; Chopra and Chopra, 1955; Kirtikar and
Basu, 1944). Piperine was recently found to possess central
nervous system (CNS) depressant properties (Woo et. al., 1979;
Pei, 1983). Pharmacological studies have indicated that piperine

and several of its derivatives protect rats and mice against

various kinds of experimental co sions, including those
induced by maximal ele ' / l, picrotoxin and
strychnine and potenti sgdatn—-—ﬁ!ect of depressant
agents (Pei, 1979, 1983;+Pei an e; 198 Woo et. al., 1979).

In addition, it was ide CNS depressant

al., 1984). ing faik] re’ medi ne of many Asian

been used in 1ndlgenou;¥§ arations for inducing
,..l" ,-" %
o

menstruation and ut;:&'minatlon of early : v | (Chandhoke et.

al., 1978; Piyach® ently, it was

reported that piperine inhibited impltation Dproduced abortion

e BUE Amﬂﬁw Emz“z‘:::tz
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Kholkute et. al., 19

In some experiments, if has been found that repeated
administration of pharmacologically effective doses of piperine
caused a significant induction of hepatic mixed function oxidase
system (Shin and Woo, 1980, 1981, 1984, 1985). On the other

hand, it was described that addition of long pepper to vasaka

015331
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leaves (Adhatoda vasica) increased the antiasthmatic properties

of the latter (Atal et. al., 1981). It had been observed that
long pepper or piperine enhanced the bioavailability of test
drugs in experimental animals (Atal et. al., 1980). Moreover,

recent study has also shown the in vivo and in vitro effect of

piperine on the hepatic drug-n izing enzyme and demonstrated

N
that piperine is a pot% ) inhibitor of drug
metabolism (Atal et. ES)J Qﬂy, it was found

o liver mitochondrial

that piperine possesse

bioenergetics (Reanmo

TOXICOLOGY OF PIPERM

progressively incr ed from running, r o convulsion and

:ri;::l:asﬂ;e brvng;a f'd : ﬁ(ﬂ mjm;szz
AN RN

types of qleurotox101 respiratory paralysis. e report on
the acute toxicity of piperine was carried out in mice, rats, and
dogs with intraperitoneal and intragastric LDgy values ranged
from 21.5 to 59.6 mg/kg body wt. Recent study had reported the
intravenous LDSO value of 15.1 mg/kg body wt for mice and noted

that the intragastric lethal dose was relatively high
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(Piyachaturawat et. al., 1983). The daily intake of piperine in
adult Indian population, as estimated from the curry powder
consumption, was approximately 17 mg/kg body wt (Srinivasan and
Satyanarayana, 1981). However, there has been no evident report
of piperine toxicity in human Preliminary in vitro study had
also demonstrated certain degree of cytotoxicity of piperine to,
at least, neuronal cells 1{\‘ 7 /e (Unchern and Fukuda,
unpublished observatlon) %ﬁag ju‘té‘deresting that many i:)f

_—-II pepper, contain

our traditional spices

compounds with remar
MONOAMINE OXIDASES ,

Monoamine oxidas btein of the outer

mitochondrial membrane exist in at least
two functionally and st rms, MAO-A and MAO-B
(Tipton, 1967; Borges and - ﬁ’gong;a 1972; Student and Edwards,

582; Chau and

ung et. al., 1982;

-
1977 ; Schnaitma?‘\ — &1 98
Hackenbrock, 1975; H
Pearce and Roth, 19d§4 Sandler and Youdim, 1972). They

sniey AT B ) e e

and biogenic dmines throughoxé.t the body. Two types of MAO
=i H SRR NAR Y. =
substrate and sensitivity to inhibitors (Ekstedt, 1976). Type A
activity preferentially deaminates serotonin (5-HT),
norepinephrine (NE) and is more sensitive than type B actiyity to
inhibition by clorgyline (Garrick and Murphy, 1982; Fowler et.
al., 1980, 1982). Type B activity preferentially deaminates B-

phenylethylamine and benzylamine and is more sensitive than type
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.A activity to inhibition by deprenyl (Fuller, 1972 ; Murphy,
1978). Dopamine and tryptamine are metabolized by both forms of
the enzyme. Furthermore, pargyline _and l-deprenyl are so potent
as inhibitors for the two forms of MAO. Pargyline binds

specifically and irreversibly to the flavin adenine dinucleotide

(FAD) cofactor of MAO, and ) cofactor is covalently bound,
in turn, to the MAO apoenzy and Callingham, 1980).
Inactivation of moﬁ with ﬁgible MAO inhibitors
leads to elevation - Ye\ i

(Tipton and Mantle,
regulatory role has
antidepressant activity o

A .’A

e

for a number of ﬁsons, iy tﬁ
| i ind

as/ drugs has been

amines, the usefulness of

limited. The integst in bo its ahibitors, however,

has been maintained th h the yeafs. The reasons for this are:
first, our Qwuﬂ mﬂm wﬂgrﬂgiched by its
purificati 7 C . i ion; ﬁ:ﬁm in vivo
tests avﬁﬁ:bﬁ t’.ﬁtﬁj ip ms with
different substrate specificity and iniu'.bitor sensitivity; third,
the development of selective inhibitors with an activity for each
enzyme form have raised the hopes of developing new compounds

with greater therapeutic usefulness; and finally, a better

understanding has emerged of the molecular mechanism of



interaction of MAO inhibitors with the enzyme active site (Oguchi

et. al., 1982; Mantle et. al., 1976; Harris and Cooper, 1982).

The mechanism and kinetics of the interaction between the
inhibitors and MAO has been studied by a wvariety of methods,
employing . radioactively labelled inhibitors, such as covalent

binding of the inhibitor to enzyme bas been demonstrated with

of the enzyme activiw
Synthesis of Mohoa/n/

degree of inhibition

2)-

mammalian tissues
¢ riboflavin in the

diet (Sagara and Ito, ;4 Fiptonl 4 5% Rats fed a diet

liver and other tlssues, : 7 : :eduction parallels the
_,-:,,x.,x & .

lowering of tlss,t,ﬂ content of bound flavins.

Riboflavin-defici ‘rats had les: ch free flavins

B o v
as their controls, J.he la.rgest decrease bei accounted for by

the loss of WS nce to the
rela.tionship for 1s very ike le intermediate in
RCh fﬁﬁ?i"ﬁ‘ﬂﬂ”ﬂ'ﬁ’l"ﬂﬂ'ﬁ”’lﬁﬁ"‘” .

these flqun esters in the brain, but their content in that organ

is much more resistant to dietary insult than that in the liver.

Riboflavin deficiency has long been known to increase the

sensitivity of MAO to inhibitors (Smith and Reid, 1978). The

oxidation of the MAO-B substrate phenylethylamine by the liver

become more sensitive to clorgyline in the course of riboflavin
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deficiency. FAD also serves as coenzyme for a number of acyl-
coenzyme A dehydrogenases, and the withdrawal of the vitamin from
the diet leads to very rapid chanées in fat metabolism. As early
as 1 day after weanling rats are given a riboflavin-deficient

diet to consume, their tissues display a decline in the rate of

oxidation of palmitoyl-L-carnitir of hexanoate. Later on in
!

the course of the def 101% #ﬂortant changes in the

lipid composition of?ﬁﬁchm microsomes. The

loss of MAO-A and MAO-B._afi 35 during e course of vitamin

deprivation, the B-f at more slowly than the
MAO-A. This differ B - ary to changes in the

composition of the lipid i . fich the‘eng y ‘ is embedded.

Hormones als ‘ of MAO

activity (Gabay et. studied
endocrine influence is ﬂﬁhw*’ﬂ}é 0i i special

riboflavin def101encﬂ et of the thyroid

state on liver MAO, mgch of whlch been devoted to trying to
e e G B RFIGRG e
animals seems lower the heptlc MAO t1v1ty. ' unusual

AR AR AR HEA N

incorpora%ion of 14C—lza.beled riboflavin into covalently bound
flavins of rat liver and brain. Actually, thyroid administration
results in an increase of MAO of skeletal muscle, another organ

whose mitochondria contain MAO in the outer membrane.



FAD occurs in MAO in two forms. Several investigators
have found dissociable FAD in brain MAO but rat and bovine liver
MAO contain the covalently bound form (Houslay and Tipton, 1973,
1974). The first step in the formation of FAD in either case is
the phosphorylation of riboflavin to form FMN. The flavokinase

unless the vitamin is

catalyzing this reaction is sensi ve to riboflavin deficiency,
and it decreases in act1v1

supplied. FMN then e dinucleotide FAD.

Unlike the flavokinas yrophosphorylase)

increases in acti iciency. The

synthesis of MAO FAD requires

transformation of postulate two
further enzymes for these would be a
FAD hydroxylase catal modified FAD and

a suitable functional

...'. ymeo

have a metal

|
cofactor. M;L activity as a

result of sunﬁ wﬂﬁrw W?tﬂmﬂ 7tually be a

second-order efffect, derived from an iron requlrement at the

e SEUARA G4 T) IR P By

binding of FAD is a conjugase; this would catalyze the formation

Indeed, t‘e lowering f hepatic

of the thiocether link of modified FAD with the peptide chain of
the apoenzyme (apo-MAO-SH, apo-MAO). The apoenzyme contains the
sequence: serine-glycine-glycine-cysteine-tyrosine and it is
through the sulhydryl group of cysteine residue that the modified

FAD is bound, i.e. as a thioether. This conjugation reaction is

S

-

mmxmnnw nmnu)nuu) ni’ I

'W mn \mmu)ﬂ') YIFJ'Iﬁll
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analogous to the laboratory synthesis of 8-(S-cysteinyl)
riboflavin, in which the amino acid is reacted with the 8-bromo
derivative of the vitamin. How this is achieved in the case of
MAO is ﬁot yet known, but a beginning has been made with another
yellow enzyme 6-hydroxy-D-nicotine oxidase, found in Arthrobacter
oxidans. The FAD is covalently

residue, and this b1nd1n._ ﬂ'eved in vitro with

polysomes prepared é ba. The covalent

R
incorporation of fla(" tef moohondrlal outer

membranes is block by ' Adming strat Lon CYCloheximide to

here through a histidyl-N-

rats; the inhibition

formation of one i ifigd fprotein of | the r mitochondrial

MAO is irreversibly b Q-’ of compounds
(Falles, 1992: rgfé and 1)1?] Historically,
phenylhydrazine was thé £irst of thesesinhibitors. The hydrazines

B s

the covalently bound FAD. A ha—hydroubutyn01c acid is an
exceptlog we;lﬁ\ﬂﬂbim 1&/-] gDm %Jlala ﬂrpounds
are t.automerlc with acetylenics and, although both inhibit MAO
irreversibly, the later do so by forming a N-5-flavocyanine,
whereas the allenics do not; the reason for this is not known.
There are two types of inhibitory process to be distinguished: a
slowly developing, temperature-sensitive inhibition, and a rapid,

temperature-insensitive one; in the case of phenylhydrazine both



have been shown to be involved oxidative process. The inhibition
proceeds initially by anaerobic reduction of the flavin, with
dehydrogenation of the phenylhydrazine to phenyldiazene
(phenyldiimide) . The phenyldiazene is then the immediate

1]

inhibitor, adding to the reoxidised flavin.

. # nhibitors, pargyline and
hi 1ly, whereas clorgyline

. S onspec1flc binding of

In regard to the aee

deprenyl are bound to i

combines in excess (

clorgyline can al \concentratlons of

pargyline, but at inhibitor only the
MAO subunit is ’ : ' : ds to a single
electrophoretic ban: & =11 en: me contains 1 mol of
| 5,000 daltons, and the
. flavoenzymes tested.
This spe01f101ty is also_";é}ﬁq 1 = _vi Pargyline binding

is prevented b : :i tranylcypromine,

0

Structure-aétivit relatli.ﬂshlps among the propragyl
derivatives mg m ﬂ']ﬂ licity of the
molec h re i vex‘y high cérelatlon bétween the
inhibi m\iﬂi ; arﬂ\oblc1ty.

The aromatic portion of the molecule is the least specific in

iproniazid and m

endowing inhibitory potency; the length of the chain extending
from the aromatic nucleus to the N atom is more important. This
relationship signifies that the ability of the inhibitor to

disolve in and penetrate the lipid around the enzyme may be an
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important factor determining its efficacy. The mobility of the
inhibitor in the lipid mesh of the membrane may lie at the basis

of selectivity for the different forms of the enzyme.

Adduct formation with the so-called suicide inhibitors is
not reversible and, as already discussed, the covalent linkage of

modified FAD to the cyst esidue of MAO is probably

hydrolized in metabolist t new molecules of the

enzyme must be res ited ones removed from

the mitochondrial TERbranee{Tipt \'!E, 1977).

The st of the acetylenic

inhibitors show the mitochondrial
membrane for MAO inhji o/ This \-\ been demonstrated in
regard to MAO activi ' ot ;:,_ pids from mitochondrial
preparations results y all MAO-A activity, but
little of MAO-B. Thg = ified lipids may restore
8 izymle to the lipid-

xl

activity or fl
A
depleted mitochoﬁr al r sreperties of MAO are

different after extfactlon, presunably as the result of altered

ot 4 PP B ARG e

distinct fr that in the me?brane (Tlpton and Youdlm, 1976).

ARIANN I URNINYIA Y
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Lipids and MAO Function.

Some investigators have speculated that the lipids play a
role in determining substrate and inhibitor specificity of MAO,
in particular the A and B types of activity. There was some
expectation that if there were a differential role of lipids in

the two types of kineticaaly activity this might become

Both MAO-A and MAO-B agtivities are influenced by lipid
phase transitions = the 5 . .or o not characterize
either type specifi€a e and Ge 1981). A particular
type of MAO deaminafes/varic : »_"3 ! ‘ different energies
of activation for ez S ‘ :'.:,, and conversely that

the energy of actiwvati d Twith Yo given substrate is

determining the energy : 't this property does not

distinguish MAO-A f]:"pm MAO-B.

- Fo%uaMAmwaﬂﬂi
8 BT R o

specﬁ‘acrcy and inhibitor sensitivity arose from studies of
temperature and pH stabilities and inhibitor sensitivity towards
different amine substrates (Borges and D’Iorio, 1972). It was
shown that at least two deaminating systems exist in rat liver
and brain mitochondrial preparations. Validation of these

findings, however, had to await further evidence from
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electrophoretic studies with solubilized partially purified
oxidase preparations and use of selective inhibitors (Tipton and
Youdim, 1976). The electrophoretic studies complicated the
situation in that up to five bands of MAO activity could be

separated. The suggestion' has been made that these

electrophoretically separable  forms of the enzyme may be
/) edure used and not true

isoenzymes and that ] attachment of MAO to
mitochondrial membran: ipid ' tures which influence its
physicochemical pro ng apparent that the
immediate lipid enviTo ertain influences on
enzyme properties hether the 1lipid
envifonment plays  a e multiplicity and
substrate specificit and remains to be

resolved.

The Concept of e IX in Appendix)

The devegpmenﬁ c;f . Che rrevsib].g selective inhibitor
clorgyline "ﬁ 5’ icide" propragyl-containing
inactivatox@(glas ‘ﬁtﬂaﬁ ﬁﬂﬁﬂ io types of MAO
actiyity, cin-mi v 4 ﬁ f sources
including the bra mmzﬁ, Bﬂnﬂll \ ﬂ., 1982).

With 5-HT as substrate, much lower clorgyline concentrations were
required to inactivate MAO than with benzylamine as substrate.
When tyramine was used as the substrate and rat brain as enzyme
source, half the activity was inhibited at concentrations of

clorgyline capable of inhibiting 5-HT deamination fully. Tipton
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(1975) formulated the concept of two MAOs, type A being active
towards 5-HT and selectively inactivated by clorgyline and type B
being relatively resistant to inactivation by clorgyline and
showing higher affinity towards benzylamine than to 5-HT.

Tyramine and dopamine were considered substrates for both forms.

Subsequently, another propragy "suicide" inhibitor, deprenyl,

was described (Fuller, \Q_‘ v #&ctlvely inhibits the type

B enzyme.

Selective ubstrates have been

used to determing and the substrate

specificity of the elative proportlons of
the two forms u.,, tissues and species.
Some tissues such a d human platelet have

‘nl-‘- . r
been shown to contain aim _exelusively the B type, whereas

human placenta f:ontalr{i _@ AT The livers and brains
of rats and humgan contain both Torms—in ferent relative
proportions, and 'ins more than 80%

type A. The human ra1n contains a.bout 80% type B.

s BN mﬂm NEANT
0 F P TR T IR B o o

absolu‘:e. Thus, the enzyme from a tissue known to contain
exclusively type A or type B has been shown to deaminate the B-
type or A-type substrates, respectively, ( Fowler and Tipton, 1981)

albeit relative poorly. The enzyme from tissues such as rat
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. liver, which contains both forms, oxidizes avidly a variety of
amines now classified either as type-A or type-B substrates

(Ekstedt, 1976).

In this experiment, the attempt had been made to develop the

assay method for monoamine oxidase activity by using oxygen

ped assay, then, had been use

, r1ne on the enzymatic

rain mitochondrial

consumption technique.
to study the in vitro e
activity of MAO

preparations.
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