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ABSTRACT\
. In this study variollS factors governing the intestinal a~sotptio" and

metabo~mof ~olynudear aromatic hYd~arbons (PAlb) were exant::d.

.In the r~t p~t, the. erCects of ga:aLrointestinal hqrmo~" a,nd( p~t-;eseetioD , •

intel!tinal" .J:lfaptive hypertrophy OD xeDobiotie-meta~li%iog enIYIJl~,
-. .,. .·1 . ....
:beD~~alpyrene hydroxylase :WPH) and UDP.glucuronyl trall5feru!t {UDP-G'I:~ "

~ere observed; Fasted r~ts were injected .with· either",aline, 250" jig/kg'·

p,8ntagyt;m, ~O' Ilg/kg ChO~eeYS~k~in~oet.(lli~~id~·(CCK.~P) or T~-..O.Dits/kg

'secretin:'dail~'.r~~, ,~hree' 'dl~s ~d ~e~"-~n, th~' .rou~th d~Y, '~icr~o;;f' J ~
p;epai'!'tions ~ere' ~ade r~ei~ .tbe',intt;'tinal ~uco.sa and 'us:d io'.'the ~ntl.me

• I • . . •

assays. PeDtag~trm. prOd~~~d a 236% in~re~e in BPH activity in colonic inuc:'osa

but t.be· rest of the ini'estinJ segm~nt.5 remained una.lr~ted: COK and secretin. . . I .. . .
di~ not.c~use any c;bange ~:BPH ·a.cti~ity in.tbe intestine. UDP~.GT activity in

ail par14 pC tiie ~it intestine wu unaHected by tlie bormonal treatment It 19

(onduded that under the presell.t experiment.i lIituatiou only peDtag4lltri~ bas ~

significant· err~ct on BPH activity in tbe colein:' I.. , I

". \ " . . .
Fasted rats we~e.·,killed4' wee~ after a. 7o-cm. resection o,r proxinia1.iutesti~e.

Remaining ileal se~en~ were, thicke•.e:p. 'and increased in diameter. Tne mea.~

"iIIou~ height in Jhe remnant ileum ;';"'ul77% and ·l30.%-.grel;t.er 'than th~ villoui

height In the controFlltu;m"and Jejunum, resp~ctIVlly. ,T.he total;proteiu' content

1
· in the remnant ileum abo increalled.. UDP.GTac~i~ity p~r 4-,o,r ~rote!l!..how~d

- .',' a statis.ticall:r lIign~ricant ~op in the remn'ant 'iiear mucol& b'ut the ePR &et~vity .

..•. : ..._--.... '"-".".,,-_.~._"." ..~,

.... , ·1· ,



';'.

c~lls bav~ dimiDisbed UDp·GT activity, ·1.be uncbanged BPH activity remains

une~'pla~(9.,

lJ! t.be secoQd hal! of..this study, factors innueli.c~g the bioavailability or

PAIlS frp~. tbe iDtestipa1 content. were observed.

~ . . , ' , .
~;: ..~a:tS with b.illvY and !iuodeQ-al rlStulae ·~ere· administered. radiolab~~lIed

hy,drocarb?1lS..... 21&-.d~~tby).naphthaiene, phe;Danthrene, .1.~2·

d~~th.Ylbeliz~th~aj:ene;'anihracene·.and beDzo(a)py~ene' - d~olved in -/q.rn>9.iI"'

only: or co~~ oU' w~th;. ~C?genous, bUe,' ~ubseq~i!,D~ 24-liourbililU'Y. .and urin.air

excreticin of raaiol~bel wd ·moniiored. to assess th~ emeien~y of absorption ';"ith

and withou~' bU~...The fOllO'YiDg...v~ues fo~ absorption without' bile (as a % or_.

'abiorption '!Uh liile) we~e ob~aiped : 2,6-~MN.Q1.6%, phenan!hrene-Q6.7%,

~",ee.Iie-10,8%,.1,~-DMBA~.4%·and B?-22.9%. The values ror'ant~racene,.

'1i-12-DMBA-and..BP-were'8igDifieantlY-less-than-l00%-butAbe-v~eHor-;-2;~I)MI"i

and 'phenanthrene were lot.' ~ince 'the water solubility of tb~i~ffirral lSo~e"'''-·~-"-~.. ." ,- ~ ..
pb:en&Dth~ene .aDd antbracene are 1.2Q m~fL' &D'd 0.013 mgr( resped~v~IY, it·.is

pro~sed'.bere tha~ ror tbese PAlls, a'Wa~e~ solubility ~r approximately 1m tban 1
" ' " . . .

m~~, makes t~e ~reHJi.ca' of ~~odeD.al ~~~.• prerequisite'ror efficient abwrption.

,In. conti,nu~tion or the;stl:ldies.~ith -~~ P~. it,Was esta~li3hed in,the, last

part o~ thiS !study_that tbe, bioav~-:~ilUy of 2,6-0MN rrom the intestinaJ. content

wu ~ot, atr~ci bt'the' aature of t~e .d~tary ~~~iCle (liPid.~; n9.~·~Pid veh'icie)

, ~d co~comitant ~a~ d,igestloa aDd. absorptio~. j':byl t~.e_~~~~"'fleta~olites or .

. 2,6-DMN ,~erlO an, ern~ient eDtero~epat,ie cit{ulati~n." . ,

'/- I ..J. . .
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Chapter 1

INTRODUCTION

1.1. ~kgroundInformation
I" .

1.1.1. Pol1~uc:learAromatlc HYdro~arbona(PARs).

AD, envirQnmental chemical b&!i! tor cancer ·w&! rti'st proposed in 1715 when

pott.attri~uted the formation "of maliguant huma~, tUf!!0urs to prolonged contact

with carbon soot. The perception of ca.Il.cer as a disease ,primarily related to'the
. . ~"'-"-

environment has been progressively strengthened in the last· few decades. This

radical c.hange h~ encouraged mcr.easing attention to the nature of the

env~nmental .in~uencell. Of all such ~nvironmental agenb implicated, chemicals

have been receiving profound attention as-.carCinogens. Chemical carcinogens

. -
constitute a ·Iarg~up of naturally occuniiik and man·made compouD~s of

divers~ molecular structure, tliat are ubiquitous in human environment (Higgin-son

and Muir•. HI13). Ever,since benzo(a)pyrene lOP) was recognized ~ a :~cinogeli.

.at tbe be~nning 0'( tlW century the presence oC it and other PAIls i.n tbe

environment has received continuous attention, Many PARs p.ave beeD shown to

.: be· carcinoge~lc by e~tensive ~xperiments on animals (IARC, 1913; Miller and

MilIer,1974), PARs.can be defined as organic compounds containing two or more

benz~Dic ring structures (Fig. 1.1) ~hich mayor may not have substituted groups

----attacbed to' one or, more rings, PAHs are tormed whenever organic substances afe
.,--",

'~ . '.



eXp05!!d to bigb temperatures. In tbis process, call~d ·pyrolysis-, the aromatic

products tbat are formed are more stable tban their precursors. This stability

renders them' as p~rsistant environmental pollutants whicb have accumulated in

the food chain thr~ughout the world. T~ date ~bo~t ~undred PAMs bave

been identified in the'environment and in human food (Tilgner and Daun, 1969;

US EPA, 10751.

. )ect evi~en~e for tbe c:arcino~eDic:erfect of these c.ompounds in .man 'i~_
ainly coofio~d.to the association o~malignancy with occupational ex~u~e t.o

.' \ -'
them... ln tbis reSpect, soot, coal, ta~. pitch and some ~ineral oliS ho.ve'all been
.' .'

round ~ contain high levels or PAMs and people exposed'to such produ~ts iQ their

.. '. ~cupation often hav:e an increased incidence ~'r cancer (Sy.'allo~,1976). Smoki'ng

rlSh or meat increases the PAHs ~oDteni in them {Gray and Morton, IOSJ)."alld

some groups of world population who consume such food regularly have a greater

incidt1l~e of cancer of the gastrointestiDal tract (NRC, 1(82). Conta,m"ina~ion of

nature.by PARs is Widespread as a result of the .buge production volume an<1

varied sources, -Apiong, the majo'r sources o( ~AHs are the incomplete. combustion

of wood, coal an~"petroleu'!l and tt.-'~~iIIag'e of raw or ~efin.ed petroleum. Man-

made emission of P~--{measured BP, injected into the atmosphere) in the US
___. -. \: . . ,I .

alone was estimated ,to be 132~~~ per year (US NAS, 1972).

l\-t

The possible'IQ~~~~of P1s.CoDtamination ,of human ~oOd are numerous

(Howard and Fazio, I06~\TilgDe·,-;d DaQ, 1969;. Lo ,and S,andi, 1978). Such

contamination can occur from the metboqs of preparation, such ~ curing meat·

and (isb by smoke (Oray and Morton, 1(81), and from pyrolyais onat in charcoal·

\
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Figure: 1.1

Strudure \ot some polynuclear ~matle: hydroclU'_bona

~d in this .tad,..
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broiled meat (Lijinaky and Shubik, 1064). PAIh derived to a large exteut from

vehicle and iJidustrial exhaut are deposited from the atmosphere on leafy

v~etablet "OWtI iD urban r~oDS. thus contributing to the diet~ load or this

clau oC.lubatances (1.0 and Sudi, l018;'"Sbabad, l'iJBOj. About ten percent. of SP ,

~ deteeted in lettuce, !"~ and tomatoes can b~ removed by cold· Water rinsing, &!l,
indication that i~ was originally deposited exte~apy, PAJ!s derived from

tobacco IIJ.!oki 'and air pollutioD CaD. ~ be trapped in the respiratory'tract and

gain access to the intestine when rlSpira~ry ~re~ions are swallowed..Aside Crom

thej.aour,c~- already ~eDtioned, the most CO~OD -~urc'e 10(. P:AH;"~ -r~d titll •. .
potential food cont&minanta of petroleum origin .(HaenDi, 10M). PAHs are

lm~rtaDt components of etude. oil and petroleum p~i:i~ts l<?luk &Qd.

BrOwn,l077)~ ~,this.energy.hungry world, orr.!h~~e dr~g, tank~r accideJ!.t.s and

v~ious otber man-made and 'natural disasters le~ -to jJ:t~nsive pollution or" the

marine environment '\Yith petroleum products and .~rude oi{ In~estigation of these

products have ahown that many marine animals concentrate and metabolize

PAHa .' includ~g nap~thalene, metbylnaphthalene and d~etby~apbtbalene

.(Anderson, Nerr, Cox, Tatem and Hig.hw&ter; 1974b; DunJ;l and' Stich, 1075;

Varuui and'MaliDs, 1077). _SiDce Aa rood constitutes' a major share or human

. rood around the world, this uiay prove to be,a slgnificaIlt route 01 entry 01 PAIh
. ~'. , -' , .

into t~ human gut!ointestiul sys~m. t;

Xenoblotlcs .undeJ:go seve!al'types 01 me bolie reactions'in the organism.

These include oxida~ive, reductive and hydrolytle" liODS (summarised as 'Phase

1 reactiouj .. weU as synth:tic or cODJ~satioD;' tiODS (su.~arised ~ ~~.ase n
ructions). Most ~base I reactions in,.olve an en~me 'system which catalyzes

; '.
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oxidative and reductive reactions a~~ often introduces a free Iiydroxyl gr~up ,nto

the xenobiotic molecule. These enzyme systems -require NADPH, 'molecular.

oxygen and an electron transport system c0ll:Sisti~g of NADPH ~ytochrome C

reductase, lipid, and a carbon·monoxide binding pigment senerally known as

cytochro~e- P-450. This requirement of the system for NADPH hnd oxygen

classifies them in the mixed tunction oxidase (MFO) category (Mason, 1957).,

T~e ,produl:ts of phase I reaction usually undergo ,phase ,0 reactions in ~b~c~

'they' are conjugated ,with hydrophilic. residues' ,~uch" as glucuronic a~id' or." , :
9ulphatl!S. yonjugation wii~ glucutonic acid, catalY,zed by the"m,icr03Omal'UoP-,:';'

~I~curonyl.transterase (,UDP~~T; GT'EC 2.4:1.17) is quantitati~elY th~' most,

important, phase 0. reaction of drug metabolism (Smitb-ana Williams, 1066).

The most common pathways in PAlls metabolism are t,he oxidative and

syntbetic reacti~Ds.' :rhe-oxidative reactions usually result in the tormation of a - -----
J..

po~ar oxygenated, group .on tbe substrate molecule. Tbis can be t~e site for a

subs~uent synthetic reaction producing. ~ater soluble entities (Williams, and

Millburn, 1075-). The end products ot such reactioll5 are usually non-toxic wlI.ter­

soluble 'illhstances' which are readily excreted Ul the urine or bi~', ,However the

oxidation _may occasionally lead to an' activation of the cOl]lpound ~ bigbly

reactive ultunate cir,cino,~jl., with incr~as,d toxicit~ as -a conseque,nce (~iIIer and

~iIler, 1074; DiGiovanni, and Juchau, 1980;. Gelroin, 1080;' Sims, 108Qi Levin,

Wood, Chang, 1tt~, ~roisy-DelcYI Yagi, Jedna~; <?O_np~y',198~~.

Farber (19821' in an extensive review o( chemical carc.inogenesis stated tbat



the fate oh chemical carcinogen aIId its ultimate cytotoxicity may depend largely ~"j'tt'

upOn the balance bet~een activation ~d inactivation) the tissues. ,Since, the

gutrointestin&1 trlct is exposed, to a variety of ~AIh and possesses the enzyme

systems to metabolize them.,-the 'modifying factors on tb,e activity of th~e

enzymes may b"t important' in the lenes~ and availabj1ity of t~e ulti~te

carcinogens. '_ ,,'J

siJice. the p~im&:'J_io'~U! -or 'this'- st~dy:' is on inte!tj,nal- ab~rption and

metabolism :of.P"ARs, it.is aPf,~opriate'-,to summarise flrst J the curreD~ vi~ws ~n

PARs abS9rption and r;aet~bo~~.

1.1.2. AbllOrptlOD':ot'Polynuel\ear AroD:latle HydJ'oe.~bona (PARs)~

~ The mammalian diet '~nti.in9, in -small amqunt, a wlde spectrum of

hydrocar60u. including the' P~. The POSSible'sour\~o~ PARs cont~mination ~

.ofhuman foOd have been ~lrDtfoned'bdore. ':' . .

It is established that absorption of trace lipids-such as s~erOls and fat.~luble

vitarniu depends u~on concomitant digestion a.n.~ absorption oC Cai and bile salts

are obligatory .iJ:l this"process (Holl':Dder, lQ8I). ~t is t.hought th~ the lipophilic

.PAHs wiD wo be h'andled in· similar, Ca.shio~. The absorption or PARs: an~

organochlorine' compounds ftom a lipid. vehicle has been repeatedly affirmed,

(Daniel. Prat and Prichard, Ig67: Wilson, Ziprin and C~ark, tIg82j. Dao (lg6g)

showed that th~ al)sorption of ~methylcbo,lanthrene(3-Mq) in rats, whe,n g:i,ven'in

an: aqueous suspension, is only six percent of the extent achi,!ved when ~ed in .

sesame oil.

.C
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Bet'ause lipid :lbsorptlon is tI. passive proces! (Sallee and·Die.tschy. 101-3).. a

surril.'it'nl C'ont'entration gradient must,exist across th!'! mucosa. lIowever, prior t/J
. .

rea('hing the mueos& the lipids have to·dirruse through three dHrerent layers. the

largest 6eing the .unstir~e~~~~Yer•. This layer is about 200 to 500 ",m in

~idth IWe~tergaard and Dietsch)', 10741 and its barrier function js greatest for

hydrophobic molecules (Thomson and Diebchy, H~811.

---

/

. . I
Micell;u solubilization appears necessary fat' passively absorbed nhtrient

.Iipids ..~ t""lipids .and might~. , ;~",qUi'it.\ro,:AH. ,bsorptioo. Sio" th.,

micelles are rea~i1y wate., soluble, they dirr~se .through the \lnstirted WD.ter layer

car"tying ai~.rig' the -products':oUipid digesti<:m as ~ell as the trAce lipid and the

... PARs;. Micelles dissociate near the enterocyte ·~embrane, ao· aetion probably

favoured by an acid ~icr~climate"(Shi£u, 10SI), and latty acids, monoglycj!tides,

.tr.ace lipids, as .~el1 as lipophilic xenobioti'cs su.~h as PAHs ate absorbed in"to the

. '
lipid phase or the brush border. The solubilization or the PAH! in tbe mixed 'bile-

silt Jmicell~ or in the bilayer veSicles, whi<;h are ro·rmed in the presence or low,

concC!otration or bile-salts,'pro~idcsa ·liydrocarbon con,tinuum', as suggested by

,Patton (IOSl), which allows o?n-pola~ molecules to move Irom a non-dispersible

oil phase tQ it. phase dispersible i!1 an aqueous medium and yet remain con'stanlly"

in association w.i~b a,hYdroph'obic microenvironment. McMahon and Thom!lOn

(I070j'(showed tb~~t While a polar lipid, oleie. acid, .was ab!lOrbed tlearly. as well

rrom an emulsion as tr,om a bUe. salt. micellar selniioD I uptake or· tb~ non-polar,. .
·.lipid Cl"toeophe.rol rrom the emulsion in.t,o, the iDt~tinal TJ'tucosa 'wnS lower than

that rrdl'n a mie.elJar ,solution. This in~icates the importance or miceliar

spltibilization for non-polar lipid~.
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·.
PAlU dissolve rtadily in mind bile-.al~ "lipid micelles (Laber aDd

'B.rrowma~:..: 1983). Non-polar JOla~\~ike PAHa ~re morl; readily kllub~liz:ed
when ~Iar lipids arl! present and m.ixed micelles rather tban pure bile salt

mieellell .re.rorme~ (Carey and Small, HI70).. Savary and Cotllltantin (1067) found

the hydroear~D bexadeclnl! to undergo rniceli., solubilbation, which was greater

in mixed tban in pure micelles.

So~~~.!~e micella.r~iOD 0(' PAlls-may have a ~egative effect 011

·their' absorptioD: This may occur if a. !ipophilic', substance h~•. b~. ,i,tselC a

;easonable '~ater sOlubility. 'I\.'s insertion in micelles may i.b~D: d~r"ease its .

the'r~ynamic" aciivity as compar.ed, f.9 a mOD~tnofecular"solutioD ~Q. thus delay

its absorption (Amidon, Higuchi and Ho, HI82).

, ,

The nature of uptake, of hydrocarbons. at ~be e.oterocyte membrane is.. an

area of uncertainty. The aqueous solubility o( m.onoglycerides and (atty' acids is'

low but It is conceivable that these substanceS undergo. monomolecular uptake. '
Irom aqueous solution close to the membrane as proposed by Dietschy and his

'colleagues (Thompson and Did5chy, 1981). Hydrocarbons bave a much lower

water !IOlubility than the latty acids ao4 the monoglycerides. 11 they are taken up

lrom a monomolecular $Oluti~D, tbeir eonce.ntration in ihis llOlution must be very 1

low indeed. Is it possible that bydrop~obic forces caus\! intimate contact between

particles of the hydrocarbon and the enterocyte membrane 7

The intestine is n~t only a~' organ or absorption but also a secretory organ.

" Hydrophilic organic

.J
,.~ ...

chemical structure are actively
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secreted into the intestiD&l lumen. Heavy metal ions and bilhly lipophilic

xl!nohiotica are also delivered in to the gut lumen (Bungay, Dedrick a.od ~.tbew·,

10SI; RichLer, Fichtl and Schafer, HI82). F.~a1 elimiDa~otl of ,lipophilic

xenobiotics .~~~ be au~~~ed by oral administration of paraffins (lticbter eL aI.,

1'1182) or eholestyr8mi.D~:~a styrene-divinyl .benzene copolymer cO.D,taininl

quate.fnary ammoDi~m functional groups (Guzelium, l082j, and bas been used in

attempts to detoxify human beings (Guzelium, 1982). '"
,The intestinal ~b50rptio.n of thr~~ carcinogeDi~ P~s, BPt J.MC, and 1,1~­

DMBA, has receiv.sd..~aT-tieUlar attention (Bock, C2:lausbrucband Winne, 1079;.
I", ••

Daniel eL ai, HJ67j Grubbs .~d MOOD, 1073; I;.aher; Rigier, Vetter, ~.ltro"';man ~Bd

PatLon, 1084). W~en fed in nutrient lipids, they are absorbed and Ilt least in part

~ transported as· solutes in chytomicrons .in lympb (Daniel et ~1~1).... However,

recent studies suggest that the portal venous route may be of great quantitative

imp/?rtante in the transport of tbese com.pounds from tbe int~tine to the tissues

(BoCk et at, 1070; Laber and Barrowman, 1083; Laber et al., IOS4), mai.nly in the

form of metabolites produced in the enterocytes. Astudy of BP absorption from, '

tbe rat jejunum in situ has Shown that 40% of tbe i~stilled material is recovered

in portal venous blood mainly in the form· of metabolites, I. considerable

proportion being glucuronide conjugates (Bock et al., 1070).

In tbe second half 01 this study the absorption and excretion of a bumber of

PARs were oburved in Jat models...The compo~ndl, cbOOlen we;~ 2,6-

dimetbylnaphtbalene (2,~DMN),. anthracene, phenanthrene, 7,12.

dimethylbenzanthracene .(7, 12-mmA) and' he~Yfen~BPI. All these



compound.

11

Jquite eommoD in our eovironmenl. 2,&-DMN is .. major

cOD.tituent o( erude oil and petroleum'product.. The acute tcJi'icity of whol~ air'is

often d,irectly.relate.d to the concentration' 01 Dapbtbaleoe and il.8 det:~ntive.:" in

oil (Anderson""et at, 1074..).. 2,6-DMN ~ also used in dye..oo, several other

. l~partaDt . Indu ~~es. ,Although the comtrlercia.!- importance ol-~aeeDe and I
phenantbreoe is Dot very high.• even tben these are (ound in dye, plasti~. pesticide

'and sever~lo~be~ ,industri"es: T~e wi4espr~a.d pollution of the enyironm~Dt_by B~ ,

has been stated before. The jmport~Dceof bil~' in tbe absorption of som!! of tbe
"\ . . " .,

PAH-from' the "i,ntestine is:well kno~D, (Laber and- Barrowma~, 1083). In our

:tudy,.we observed the ~ole 01 bile in. th~ bi~av~ilability of the above:::6mp.oU~dS.. - .." .', ' .

in a series of experim.ent:s, Since . tb~ num~~r: of aromatic. ringsitl these

compounds increase from two to five and they, also have different degree of w.ater

--- solubility, we speculated that the role or bile may be dirferen~ in each ease. With

2,6-DMN, we took our studies a ·rew steps r\lttbe~ observing· the bio~v,ailability of

this compound, "{hen administe,red in a .non·lipid vehicle and when botb bile and

pancreatic se~retions are absenl from'the duode~um. D~e to the' i~portance of

ente~ohepa.tic ~rc~lation or tbe metabolites whicb may be more toXic than' the \

parent compound, -we also observed the enterobepatic circulation of~ tpe

metabolites or 2,6-DMN.

\

".'

I,

"
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• Ll.3. lDte.tlnal XIlDo,:\lotlO' Miltabol"m

The gutroint~tiDll sYltem is e~pOled. to a ~eat . variety of lipophilic

xe!'l0biotib. of which PAIb are a aipificant traction. Until reeently it. ·wO:-­
tbought tbat the rate of intestinal mUCOlIa in xenobio'tic dis~itioD was Iimiled to--.," .. ' - -
abS«!rption", only. Th,' possible iole of .the inteStine in tbe-, metabolism ~r.

ienobioties. was rirst repotted by ':Jerter and Wak~Dlan (ISg,G) wbo'rou~d tbaHlre

~pithe1ium of the sma'liDtest.i~~' is- highly- ~rredive ~in removing phe,noL Forty

yeats later' Miteo:i (1039) was able to show ,that the i.Dtestine p~sses,:, a:

re'rri~rkable role in.:the·.elitninatioD of pb~nol in .t~e form ol·conjugates. 'From--,tb,at':

bumble begin.Di,nK, extensive research -bas, b~eD. dODe iil ,this li.el~1·',and tbe

. xenob.iotic :me'tabolizieg activity of tbe intestin&L.mui:os~ is n<?~ well 4ocume?~ed: '

in m.ent years,' deve!opmeni o'r sensitive analytical metbodol~gy bas rev~aled th~t1

xenobiot\cs. interact ';"ith intestinal m~cosal tndopl~m!c reticulljm during .'lb.e •

absorptive process (Wattenb:erg, 1970,107'1,)(172;, Chhabra, 1970; Hartia,la, 1073;

f.:.ake, HOPkinS~'Chakrabarti' Bridges and Parke, ~97~; C~habra, Pahl,fn~out,
1074). Altbo' h it· bAS IQng' been ~tablisb~b'at liver is tbe main site for'

, , ri., r b" IF '. G'II'-metabohc .degr ..~~~.o xeno (otiC! out, 1062; Conney, 1067; I ..ett~, ~971i.

-Remmer, 1972; MUDering, 197~J, tbe contribution m~de by t~e' intestine ~ DQt to

be igno,red. True, !h~ ratc::'Or most enzymatic. reactions in the intestine are lo.wer·

tban those in the Ii~er b~. almost IS to SO' ~trcent (Cb~.bra ~d F~ut. l~I5),
~. '.'

.However, this low rate or metabolism in' ~he intestine does Dot rule 'out tbe
" 0 '.

impor~aDce ~r this tissue in xeD?biotic 'metat:H>liam ~in~.e the' flurrl'Ce area of the

int~tine and tbe du~ati~n. or a rorelgn' chemicll1 reaideDce, ,in ',t may be a

determining ractor in the contribution of the intestine to the.overail meta~lism

.'.0 or xenobiotie. in animals &Dd human•.

...
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Thert are two dille"rent aylltema of'intestin.al metabolism of xenobioties. The

fiut.ia·I~~t~d iD.. tbeFi~allum.en aod catalY,z.ed by microor~anisms (Scheline,- ­

19'13). The ot~er is located in the intes~Da.r mucosa. ~d is catalyzed by- the

e,nzyme JYlt~nu of the enteroey"ies.. It haJ become increasingly apparent tbat

intestinal commensal microorga~isms are capable of a variety of reactions

in'Yolving the ie'tio~lotics resulting in the alte.ration of the activity and "toxicity of

th~e. ~9.mpo':lIids .(Renwick ~nd D~ '1916; Batzinger, Bueding, R~ddy and

. Weisbti~ger,).g78).

,~I'II~ live'~ is the major .org.~.!' ~Ii.e·re the p~ase t IlDd'ph~e,~ readions..2L

ximobio~ic"'metab~j;~ take .ptace~But'like the, 'bepat<:l(:y't~~ the eDterOCyt~'ate .'

~1s6'cap~tile of .perror~in~both·phases of biotransformation, or xenobiotics. :The

'r~quired enzyme syste~ ar.e-{oc:aliz·t!d in the en4oplas'm.ic reticulum, which proves

-\.. the erriciency oJ nature because tb,e 'non-polar .'substances like the 'xenobiotics

'.' '.' . ~
.\7'.tral!,arO'~dlh, "tienl.m i. th!,,'11

The intestinal ci~hrome ~.450 content and the rates of most, phase I

reactions are abOut 15 -. to ~o pe,rc·e.!1t..E~low tb~. ,corr~po~'ding hepatic values

ICh~abr.~ and Fout! 19?61. 'Some, phase iI reactions, such as glucur~nidation by,.

'UDP-GT hav.e been reported'to be bigher, in the intestine tban,'in the liver.

. S~~dies or. ,the distribution or xenobiotic metaboli;ing' enzymes along the

~-;'_eDtire h!Dgth::bi~~test.ine'sho.wthai ~he ~tivity of these e~%ymes is highest in the
, , " "." " " .

"pi~xjm part' 0 .".!..i~testiDe and. progr~iv.eIY' declines towards 'the' distal eo"d ~

(H~cl\r ~l076; 1070j 'Koster, Frankhuij~~~-SierevOgel"'':nd Noordhoek,' UJ85)....

.,
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Cbb~bra and Fout (1076) fc;nmd maximum a(tivlty in the proximal 76 em of t~e

rabbit intestine. The rat and the mouse also show similar distribution p~Uern!l in

the intestinal xenobiotic metabolizing enzymes (Wattenberg: Leong and Strand,

1962). A study on' i.b~ distribution ~r these enzymes among mucOlIal cell

populations an~ along the vilious-CCpt u:i!J, showeatbat poorly difr~rentiated', .

acfi'velY dividing crypt c~lls P~~. only mintle activity, .whereas l~~ highly

specialized, mature villous tip cells ex~ibit much greater activity f.Hoensch, Woo,

. Ramo anfSchmid, 1976; Hoensch, Hutt and Harlman, 1979).

(
"In eXpetim~~ animals it h.a,s been sb~wDthat' the ,xenobiotic meh.bolizing

moriooxygenase ,ty or the s~all intestine ca~ he arrected ~Y several

c~ndrti~ns that either elevate' or reduce its acti"ity·(Hoens~.h and"Hartman, 1981).
1 •

In a number of e~eellent re"iew!p, s~veral workers have sbown ,,:arious modifying

'.' factors a~t o~ intes~inal xenobioti~ ,metabolism (Watteoberg, 1972; Vesell, Lang,;

.' White, P~aoan~.i.-':.Ii1lClemens, Liu and Johnson, 107,6; Nebert and Felton, 1076;

Neb'ert and Gelboio, 10~eosch, Steinb.ardt," Weiss, Maier and Malcbow, 1084;

Wiliiams, 107a; Seoford 'a~d Btidges, 1083; Campbell and Hayes, 1974; Clayson,
. • . J

1075; Jori, 'Salle and Santini, t971). Age, sex, s,pee~1 ,g~netics, diet, nutrition,

. I
environment and .-many other f~ctors -bave been sbown' to modify intestinal

.~etabolism of xenobiotics.

The monooxygenase activity ,,:,as found lo dirrer in different ag~ groups of

animals". ~?~king with rabbit. intestine, Tredger,(l976).and his colleagUe! could
..,

detet:t little or no e.cti"ity during' the, first week after birth. They monitored a .

"adual increase -.in·~acti"ity during the next three- weeks which by 30 to 40 days



exceeded the -normal adult levels. .By the 15th. pos~partum day the activity

uttled to normal adult level!. Lucier (1077) and his colleagues found a similar

variation "in the UDp·GT activity in the,small intestine of guinea pigs and rabbits.

Sex hormones. appear to be important in the activity of mixed fuadioD

C?lidaae in ·rat liver, higher activity being ddeded in male liver! (ebhabra and

---Fout, 10~8), but no such dirrer~nce has been found in the intestine 'ICbhab~a and".

Fout, 1076).

A rhythmic diurnal varia~ion in the activity of 'intestinal microsomal

xenobiotic meta~olizi~g enzymes has been reported by Chhabra and Fout (HI7~).

They found two peak activities in both rat and rabbi}. one in the early mo.ming

and the'second in the late afternoon.

Diet plays,a very important J:ole in the regulatioD of these en·zymes.. In fad,

it has been 5uggeste4 that the act~vity may largely or entirely be an errect of

exoJenous loducers iD the diet (Wattenbeq, 1071). Starvation dec~~~eslintestinal

aryl aromatic hydrocarbon hydroxylase (AJrn) activity in rats (Wattenberg et a!.,

~962). Rats maintained on 5e!pi-pu.r~e~ diet sh'owed a decrease in AHH activity,

which again in~rea5ed when various vegetables were added to tb~ semi-purified

diet. (Wattenberg, IOn). Nutrients ess.e"ntial for. the st~uctural' integrity of

microsomal membrane, sucb .8!l choleste~ol" an~ for the molecular structure of

c)'toebroll;le P-450, such as iron, have been 'found to pla'y important roles in .the

;ontinued lctivity or tbese enzymes. Dietary iron (Huensch et al., 1078) and the
. '.. '.' (

quantity and .quality of dietary rat (Wattenberg et aI., lQ62) innuences th~ AHH.--

/



,.
activity in rat, intestine. Dietar.y !i~id~ !e~m to play .V!!'i- little r~le in UDPoCT\

activity but a low-P'fio diet increases if.! activity IMaNleios aDd L.itinan, 1075)..

Xeoobi!>tics themselves are very potent iDducers of the xenobiotic·

metabolizing enzymes.. PAHs are particularly noteworthy in this respect. In a

Dumber or stCldi~, pretreatment or the animals with PAlls resu~ted in a mlWive

induction or AffiI activity in the intestine (Gelbo!D and Blackburn; 106"; Nebert,
and Gelboio, UI60). A similar--inducement of UDp·GT activity in the rat small

- , '
intestine bas been ,:ported (Aitio, Vaioio and Hanuinto, 1972).

. Gastrointestinal hormones b~, a wide range 'or trophiC i.c~ions ..on-\~e

digestive system (JohnsoD, 1016). Recently, it has-been shown that· pretreatment

>~~rai.s with the g.astro"intesti';!al ho~mones, pentagastrin, cholecys'tokinin leeK)

~d. secretin, causes an increase in the hydroxylation of xenohiotics is tbe cOI~~iC

~sa (Fang and Strobel, 1081). In "the first part of this study aD attempt has

beeD made La reproduce the ~ork or Fang and Strobel in rat colonic muc~a and

at th~ same time the ~frect of these "hormones 011 drug metabolism in tbe rat small

intestine h8$ been observed.

It is well establish.ed that, followirig.-proxirilal small bp"wel resection, the

residual small intestine undergoes morphological and functional adaptive changes

(Dowling and Booth, 1087~.. An increase. in the YiiIou.! height an.d in the sile or

the crypt cell compartment bas been obs~ved wittiout changes in the individual
.,

mucosal cell size. "Alter proximal resection the remaining ileum alBo 8bows an

incrused capacity to transport gllK'ose and amino acids (Dowling _and "~tb,
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lQ61) .when expressed per unit. length 01 tbe in~estiDe.. Similarly, the activies ~ ._

lOme brulb4border' membrane-associated hydrolytic enzymes have been observed

to ,be increaaed (McCarthy and Kim, .1973) .alter. resedion. With the above

b.ckground informatioD, an attempt WAll made tp observe tbe changes in tbe

xeoobiotic ~;etaboli!lm capacity 01 the residual· adapted ileum, follpwing ~assive

proximal rese~tion or the !mall intestine.

I
'I.'o observe tbe errecls of the a~ve ~eDtioned 'actors 'on xeDohiotic

metabolism, both, pb&!!e' I and phase 0 r.eaction. were siudied. Benzopyrene_

Jlydroxyl~e (SPH), a much~tudie~ and well desc!ibed microso~al enzy~e with

BP as su'bstrai~ was takeD'~ a Mlpr.esentati,ve of,phase ,I readioD a~~

Glucuroay) transferase (UDP4G1J with I-naphthol /IS.substrate represented the t
phase n reactions. \ ._"-_", .,

1.2. Objectives

}: To observe ,the efUct of pentagastrin, choJecystokin!n .octap'eptide (eCK·

OP), and secretin o~ the. activity of benzo(a)pyrene hydroy:yJase (BPR) and UDP­

I

/

glucuronyJ tran-!lferase(upP·CT) in rat small and large intesti.ne. ,
"

,.~.

2. To perform reseCtion anastomosi-!l in t~e small ·intestine of the rat and :

observe the adaptive hypertrophy i the lJeal remnant alter a period or ~ days;

and compare the aaatOmical hy,pertrophy ith changes, if any, _~ the activity ot

the microsom,a1 xenobiotic metabolizing enzyme systems, using BPH and u6P.CT.

u indicators.

3. To observe the tole of bile- iD the absorption and excreiion' of the

"!
I
i

I

I'

.J
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polynuclear aromatic bydrocarbons, 2~~di+etbYID.PbtbaJene (DMN),

phenanthrene, anthracene, 7.12-dimethylb~za~thraceDe IDMBA) and

benzo(a)pyrene (BP). For 2,6-DMN th!! experiments will include the study of the

. role of dietary vehicle in the bioavailahility of .this compound, the errec~ of

absence of both bile and pancreatic secretion" from the duodenum on its

absorption and finally the ente"{ohepatic circulation of tbe- metabolites of tbb

c!Jmpound.

,4.1.'o'correlate the water-solubility of a PAIl and i~ requiremeqt. for ~ile ./

during, intestinal absorption aD~' to' determine l,he efficiency of -the absorption

. process of tbe pAIls in 'the absence 9' dudenal bile.



1

Chapter .2-

~TERIALS AND METHODS

2.1. Ef'tecta of Gaatrointeatinal 'Hormones o~ Xenobiotic

Metabolillm in'Rat Intestlne_

,-M,ale Sprague-'Oawley rats, were purchased from Canadian Hybrid· Far~
. "

(No'va Scot~a, Canada) and were kept in the Animal care facilities until the day of

the l!xperihtent. .They were maintained at 740r and 55% bumidity i9 Sho~Box

,cases (solid pJastic reetanghlai box with a se~arate rod lid iDco~porating the

feeder) with'sl!ow dust bedding. They were allowed (ree access to food (Purina Rat

Chow, Ralston Purin Company) and tap w~ter until tbe day before' the

1!'xperi,ment.

2.1.2. Hormone treatment

Three chief gastrointestinal hormones, pentagastrin, choleeystokinin (CCK)'

and secretin were used in this study_The hormon~were obtain~ from'standard

suppliers and· were of ~he_highest- purity available. Pentagastrin was obtained

fro~ Ayerst CaD.ada (P~ptavlon; Pentagastrin injectioD, BP, 5 mg/2ml), secretin

(secretin, porcine; synthetic pentacil,rate salt; 3800 CI unitsjmg) and. "
chOlecystokinin oct~peptide (t~ol~ystokiniD fragments, amide sulphated) were

obtained from Sigma (MO,USA).

\



O.Q% NaC) solution.

\

2.

The hormones were administNed according to the doses proposed by r·ang

and Sitohel 11gS"). Pentagastrin was used 1!irectly from the Pepla~lon vials.
, ,

Pentagastrin treated n"ts received a single daily intraperitoneal injectipn of 250
. ,

JIg/kg or body _weight for three co.nsecutive days. The c~nlrol animals 'Aeivt'd

. ---
i

Secretin was disso.lved in O.Q<y NaCI solution containing' cys~

hydr.oc~loride, 1 mg/mJ, as a reducing agen~.- Secrelin.tre~ted rats received 'one'
, '.

da.i.lf s~bcutaneous inject'ion of 7,5 units/kg'Ofbody we~ght fot _three conseclitive

days. C~ntrol animal~ rece,j,ved subcutaneous saliD~solu·Lion.

Cholecyslo~in_iD .octape'p.tide was prepared as a concentrated stock sohilion

of O.5mglml in O.SN NaHC03 and diluted into OJ~%' NaCI solut.ion before use.

CCK·treated 'rats re~eived one dai!y su~cutaneous injection of 20pg/kg of body

weight for each of three days. Contmls again received saline solution like before.

All tbe hormones were administered to the animals OBCe daily between {l~\M,. .
and lOAM, us~ng an 1m! disposable syringe with D.S mm opedle. / The

intraperitOlieal injections were made in the lower abdomen on the right r-idl',

taking care not to puncture any abdominal orga~s. The subcutaneous injec;ions

were made either on the leU or ~n the rigbt nank. Every errort was made to

cause a m\J:limum of trauma to ~he.aninials.

The animals

preparation.

sacrificed on the rourtb morning ror microsomal

';r
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