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.ABSTRACT\

In this study variops factors governing the intestinal absorption and

bolism of p aromatic hydrocarbons (PAHs) were exanfined.
In the first part, the.effects of gasbrointestinal b and post-resest
. ¢ '
mtutmnl Japlwe hypertroph on bi bolizi enzymes,

. benxo(a)pyrene hydroxylase (BPH) and UDP-glnenmnyl trmferase (UDP- GT)- |

\
were observed. . Fasted rats were injected ~with either ~saline, 250" pg/kg

pentagastrin, 20° sg/kg cholecystckinin-octnpepﬁde'(CCK-OP) or 75 unjh/kg

Isecretm dnly for, three days nnd eifled ‘on the fourth day Microsomal”

prepnnnon! were msde frnLn the’ intestinal mucosa and ‘used in’the engyme
lsuys Pentngmrm pmduced 2238% i increase in BPH nctmly in colonic imucosa
but the rest of the \ntatm&& segments remn.med unmeeted CGK and secretm

dld not cause any change in’ BPH nctwny in the intestine. UDP -GT lctmty in

all parts of the Tat intestine was unnﬂected by the hormonal trutment It is
concluded that under the present experimental situation only pentngnstrm has a

slgmﬁunt effect on BPH :ctmty in the colon :

Fasted rats were killed 4 weeks aftera 70-cm resection of proximal lntestme
Remammg ileal ug'ments were thwkeggd ‘and incressed in diameter. The mean

villous height in he remnlnl ileum was 177% and 130% -greater than the villous

height in the controlileum ‘and jejunum, mbe‘ctively. The total protein content

in the remnant ileum also incre’a.sed: UDP-GT activity per mig-of protein | showed

s statistically significant drop in the remuant ileal mucosa but the BPH activity,

- remained unchanged. Itis proposed that th;s presumably less mature hyPerplutic
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colls have diminished U'DP-GT setivity. “The uachanged BPH activity remains

llnexplnuud e . :
ln the second half of this smdy, Tactors mﬂuencmg the bxexvallabxhty of

PAHs ffom the intestinal content were observed.

hydrocubom - 2.‘ dimethylnsphthaléne, ~  phenanth T2
dimethylb b : snth “and benzof - dissolved in "cornoil”

only or corn oll with' exozenous bile. S\Ihseqneut 24-hour bxlmry nnd unnnry

bel was pitored 10 assess !he efficiency of absorption with

and without bile. *'The following values for absorption without bile (as a % of
. Wy 5

‘absorption with bile) were obtained : 2,6-DMN-91.8%, phenanfhrene-96.7%,

inth)qcene10.8%; 7,1_1—DMBA-43‘4'% and BP-22.9%. The values for anthracene,

Rah wnth bzlhry and duadennl ﬁ.stulue were admmutered radmlabelled '

72,12.DMBA-and BPwere sigaificantly-less-than-100%-but the velues-for 2,6-DMN-
: ;

and phenanthrene were Fot. Since_the water solubility of ﬂ;’ef
ﬁhemnthrena and anthracene are 1.20 mg/L and 0.073 mg/L respectively, it.is
proppsed"l-mn that fér these PAHs, a water solubility of nppr;:ximately less than 1

for efficient

mg/L, makes the preseiice of duodenal bil

In cbntiﬁun‘tion of the studies with the PAHs, it was established in the last

part of this. 'nndf that the bioavailability o! 2 6-DMN 'l'rom the intestinal content

"was not affected by the nature of the dletary velncla (lipid or non-hpld vehicle)

and concommnt tal digestion and. lb!ol'])h

. o‘/dsy, the b ﬂy_-metabohtes of
. 2,6-DMN dergo’ l.n_ efficient enterohepatic cir ion.

—

tructural isomers e
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Chapter 1
INTRODUCTION

1.1. Background Information

1.1.1. Polynuclear Aromatic Hy bons (PAHs)

An environmental chemical basis for cancer ‘was first proposed in 1775 when

Pott attributed the ion of mali humsn tun‘louls to prolonged contact

with curbon soot. The perceptwn of cancer as a dueua primarily related ta the

has been progressively strengthened in the last few decades. 'rms'

radical changs has encouraged incressing attention to the mnature of the

environmental inﬂuencm. Of all such envi | agents i

have been receiving profound attention as carcinog Chemical inog

e
constitute a lnrgrgrlfup of nnturally occ\urﬁk and man-made compounds of

dwunf that are ubiquil in human
and Mulr, 1673). Ever.since benzo(a)pyrene (BP) was recognized as a carcinogen
.at the beginning of this century the presence of it and other PAHs in the

: environment has received continuous attention. Many PAHs have beeti shown to

'We’cucinoge_nlc by extensive éxperiments on animals (IARC, 1973; B‘/ﬂller and
Miller, 174). PAHS can be defined as organic compounds containing two or more

benzenic ring structures (Fig. 1.1) which may or may not have substituted groups

’ —‘——utnhed to one or.more rings. PAHs are formed whenever organic substances are

§ ~
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exposed to high temperatures. In this process, called *pyrolysis®, the aromatic
products that are formed are more stable than their precursors. This stability

renders them as persi: nvirontr 1 p i which have d in

the food chain throughout the world. To date about one hundred PAH: have
been identified in the environment and in human food (Tilgner and Daun, 1969;

US EPA, 1975).

thect evidence for the -arcinogenic effect of these nd:

in man is

ainly con[inéd to the iati F- if with

al exposure Lo
them .In this respect, soot, coal, tar, pllch and some mineral oils Taveall been
Iouml to contmn high levels of PAHs and people exposed to such pmducls in their
9ccupatlon often have an increased }ncldence of cancer (Swallow,lws). Smokmg '
fish or meat increases the PAHs content in them (Gray énd Morton, W&’l)jnn‘d
some groups of world population who consume such food regularly have a greater
incidente of cancer of tl;e gastroinlestix;nl tract (NRC, 1982). Contavm.innlion of
nature.by PAHs is widespread as a result of the huge production volume and,
varied sources. * Among the major sources of PAHs are the incomplete.combustion
of wood, coal and i)etrolem;n and | e‘spillng‘e of raw or refined petroleum. Man-
made emission of f\’AH/.s {measured L BP, injected into the atmosphere) in the us
alone was estimated to be 1320 wnh per year (US NAS 1972).

The possibl

of human food are numerous
(Howard and Fazio, 1oa¢‘Tilgﬁe} and Dao, 1969;. Lo and Sandi, 1978). Such
contamination can occur from the methods of preparation, such as curing meat ~

and fish by smoke (Gray and Morton, 1981), and from pyrolysis of fat in charcoal-

) § \ § ‘. .
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Figure : 1.1

of some poly

ugd in this study.
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broiled mest (Lijinsky and Shubik, 19684). PAHs derived to a large extent from
vehicle and industrial exhaust are deposited from the atmosphere on leafy
vegetables grown in urban regions, thus contributing to the dietary load of this
class of.substances (Lo and Sandi, 19787 Shabsd, 1050). About ten percent of BP
detected in lettuce, leeks and tomatoes can be removed by cold. water rinsing, an

indication that it was originally deposited axterm.lly ” PAI-‘I: derived from

' tobacco lmoke Alld air pollution can slso be trapped in the ruplneory tract and

g n access 00 the intestine when respiratory mutmnx are swallowed Aside from

the sources nlxeudy mentmned tbe most common source lof PAHs 'in food are *
potential food contaminants af patmleum origin (Hnnm, 1088) PAHs are
‘important components of cnlde oil and petroleum producu [cluk and
Brown,1077). In this znugy hungry world, oﬂ-:hore drilling, tanker ucldenu and
various other man-made and n-tura.l duuters lead to extensive pollution ul' the
marine environment with petroleum products and 'crude oll. Investigation of these

products have shown that many marine animals concentrate and metabolize

PAHs , including hthals ol hihal and -~.‘.-> Lthal
(Anderson, Neff, Cox, Tatem and: Highwater, 1974b; Dunn and' Stich, 1975;

VAnnui and’ Malins, 1977). _Since sea food eonstitum a major share of human

& food around thu world, this may prove to be.a s!gmr icant route of entry of PAH;

into the human gutromtemml system ’} o+

Xenobiotics undergo several ‘types of mejabolic reactions in the organism.

These include oxidative, reducﬁva and hydmlyﬂc réactions (sunmunsed as th
1 ruutiolu) as well as synthetic or conjugation regétions (lummmsad a8 Phue ﬂ
reactions). Most phase I reactions involve an enzyme ‘system which e'ntnlyzu



s amerowe

oxidative and reductive reactions and often introduces a free bydroxyl group ints.

the xenobiotic molecule. These enzyme systems require NADPH, /moleculnl:

* oxygen and an electron transport system consisting of NADPH cytochrome ¢

lipid, and s carbo ide binding pigment generally known as

‘ cytochrorx-xé P-450. This requirement of the system for NADPH and oxygen

élmiﬁu‘them in the mixed function oxidase (MFO) category (Mason, 1957).

The produgts of phase I reaction usually nxl’ﬂergo phase II reactions in y«hicb

“they aré conjugated -with hydrophilic . residues such as_glucuronic acid- or

Iphates. Conjugation with gl ic acid, catalyzed by the'mi 1 UDP-s

glucuronyl transferase (UDPTGT; GT EC 2.4.1.17) is quantitatively !h,e‘mosl

important phase II reaction of drug metabolism (Smith~83d Williams, 1066).

The most common path in PAHs bolism are the oxidative and

synthetic reactions.’ The oxidative reactions usually result in the formation of a

s p
polar oxygenated group on the substrate molecule. This can be the site for a
subsequent synthetic reaction producing water soluble entities (Williams. and
Millburn, 1975). The end products of such reactions are usually non-toxic water-

soluble substances which are readily excreted in’ the urine or bil:. However the

o s

may ionally lead to an ivation of the com d to highly
reactive ultimate cir_cinow;, with incr;ue\d toxicity as'a consequence (L_’liller and
Miller, 1074; DiGiovanni and Juchau, 1880; Gellzoin, 1980; Sims, 1980; Levin,

s ¥
Wood, Chang, Ittah, pmi:y-Delcy, Yagi, Jerina. An)d Conpgy, 1980).

Farber (1082) in an extensive review of chemical carcinogenesis stated that



the fate of a chemical carcinogen and its ultimate cytotoxicity may depend largely
upon the balance between activation and inactivation j the tissues. Since, the
gastrointestinal trct is exposed to a variety of PAHS and possesses the enzyme
systems to metabolize them,—the ‘modifying factors on the activity of these
enzymes may be important in the genesis and availability of f.h,e_ultima‘te
carcinogens. X ’ v B '7’ (N

- ) : ’

Sinice  the primary_focus “of ‘this ‘studyis on intestinal absorption and

metabolism 'ofA PAHS, it is npproprinté to summarise first, the current views on
X v 3

PAHs absorption and metnboli;;n. |

1.1.2. Absorption/of Polysucls Hydrocarbons (PAHs).

" The mammalian diet éonhins, in ‘small amount, a wide spectrum of
hydroelrbons, including the PAHs. The punble smuies of PAHs contamination

of human food have been m,emned before. s

It is established that absorption of trace lipids such s sterols and fat-soluble
vitamins depends upon concomitant digation and absorption of fat and bile salts
are nb‘ligltory in !his"proeus (Hollander, 1981). Itis thought that the lipophilic
PAHs will also be handled in.sivmilnl:, fashion. I'l‘he absorption of PAHs and

. organochlorine’ compounds from a lipid. vehicle has been repeatedly affirmed
(Daniel, Prat and Prichard, 1967; Wilson, Ziprin and Cguk:ugsz). Dao (1969)
showed that the nbsorp'tion of 3-methylcholanthrene (3-MC) in rats, when given'in
an’ aqueous snapensio-n, is only six percent of the extent achieved when fed in

sesame oil.

o=



" Because lipid absorption is a passive process (Sallee and: Dietschy, 1073}, a
sulficient concentration gradient must exist across the mucosa. However, prior go
g Tiiecsa’ the jids e o AUréss UirGiRY three difficent layers; The
largest being the *unstirred v;j:;ﬂ.ayer'. This‘layer is about 200 to 500 ym in
width (Westergaard and Dietschy, 1974) and its barrier function js greatest for

hydrophobic molecules (Thomson and Dielschy, 1981).

Micellar solnblhzauon appears nfcessary l’or passively absorbed nfitrient =

lipids and trace |lplds nnd might R)e a prereqmsne\ for PAH absorption. Since the

micelles are readlly water soluble, they diffuse lhrpugh the unstirred water layer

carrying alorig the i:mducts of lipid diges‘tiqn as }yvell' as the trace lipid and the
PAHs: Micelles dissociate near the y nemb an’ action probably

favoured by an acid ;nicrl;climate 'tShi{u, 1981), and fatty acids, monoglycerides,

_trace lipids, as well as lipophilic xenobiotics such as PAHs are absorbed into the

. 3 ~
lipid phase of the brush border. The solubilization of the PAHs in the mixed bile-

5 ¥ R i
sdlt micelles or in the bilayer vesicles, which are formed in the presence of low,

concentration of bile-salts, pro\}ides a *lhydrocarb i , as d by

-Patton (1981), which allows non-polar molecules to move from a non-dispersible
.

oil phase to a phase dispersible in an aqueous medium and yet remain constantly

ophobic microenvil and Thomson

in iation with a.hy
(1070)(showed thait while a polar lipid, oleic acid, was absorbed hearly as well
from an emulsion as from a bile salt micellar sﬁlntiun, uptake of the non-polar

. 1]
lipid ostocopherol from' the emulsion into the intestinal mucosa was lower than

that frém a micellar solution. This indicates the importance of micellar

" solubilization for non-polar li'pid.sA

. i
¢

N
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PAHs dissolve readily in vmxed bile-salt llpxd micelles (Laher and
Barrowman, 1983). Non-polar solntu }lke PAHs are morq readily tolublhzed
when golu“lipidu are present and mlxed micelles rather than pure bile salt
micelles are formed (Carey and Small, 10:10]._ Savary and Constantin (1987) found
the hydrocarbon hexadecane to undergo micellar solubilization, which was greater

in mixed than in pure micelles.
" -~

Somelinj\g the micellar sn)hxb’ilizyibn of PAHs may have a negative effect on

‘their sbsorption. This may occur if a lipophilic. substance has, -by. itsell a

reasonable  water solubility. ‘Ils insertion in micelles may then ~decrease its
therniodynamic uiivicy as compared to a monomolecular solution and thus delay

its absorption (Amidon, Higuchi and Ho, 1982).

The nature of uptake. of hyd b _ﬂt the y ’ is-an

area of uncertainty. The aqueous solubility of monoglycerides and fatty acids is

b Teeul

low but it is conceivable that these

undergo_ uptake
from aqueous solution close to the membmne as proposed by Dietschy snd his
‘colleagues (Thcmpson and Dietschy, 1981). Hydrocarbons have a mich lower

water solubility than the fatty acids and the monoglycerides. If they are taken up

from a monomolecular solution, their concentration in this solution must be very
'

" low indeed. Is it possible that hydrophobic forces cause intimate contact between

particles of the hydrocarbon and the y b ?

The intestine is not orily an organ of absorption but also a secretory organ.

Hydrophilic organic compom;ds of differing . chemical structure are actively




. 10
secreted into the intestinal lumen. Heavy metsl ions and highly lipophilic
xenobiotics are also delivered in to the gut lumen (Bungay, Dedrilck and Mtthew‘,
1681; Richter, Fichtl and VS)chn{er, 1982).  Faccal elimination of.lipophi-lic

ics can be d by oral admini ion of paraffins (Richter et al.,
1082) or cholestyramin

inyl
y yl -benzene cop

| groups (Guzelium, 1982), and has been used in

quaternary
attempts to detoxify human beings (Guzelium, 1982). ,,‘ = - :
The' inal ab i ) of three i i PAHs, BP, 3MC, and 7,12-

DMBA, has rece)vgsi.;arneular sttem.mn (Bock Glnusbruch and Winne, 1019 .

. Daniel et al, 1967; Grubbs and Moon, 1973; Laher; ngler Vetter, Bmowmnn ;nd

Patton, 1984). When fed in nulnent lipids, they are :bsorbad and n least in part

transported as. solutes in chyl’ommrons in lymph (Daniel et n‘.luﬁo'l), However,

recent studies suggest that the portal venous route may be of great quantitative
imponan}e in the transport of these cornp‘onnds from the intéstine to the tissues
(Bock et al., 1979; Laher and Barrowman, 1983; Laher et al., 1984), mainly in the

form of P in the ytes. A study of BP absorption from
/

the rat jejunum in situ has shown that 40% of the instilled material is recovered
in portal venous blood mainly in the form “of metabolites, a considerable
proportion being glucuronide conjugates (Bock et al., 1979). \ :

_ In the second half of this study the absorption and excretion of a humber of

, PAHs were observed in gat models.. . The cumpo;mds choosen  were 2,6-

dimethylnaphthalene (26-DMN), ~ anthracene, phenanthrene, 712-

dimethylbenzanthracene (7,12-DMBA) and' bento{sjpyrene(BP).  All these

/



*  compounds are )quite common in our environment. 2,6-DMN is a major
constituent of crude oil and petroleurn products. The acute téxicity of whole ol is

. " often directly related to the fon' of naphthalene and its derivatives in -

oil '(Andersonreé al., 1674a).. 2,6-DMN is also used in dye -and several other
‘mpurmn indugtries. Although the mercial imp: of ; and /

\
phennnthtene is not very high, even then these are found in dye, plastic, pesticide

‘and several ogher industries. The widespread pollution of the en_vnonment by BP .

Ins been stated before. The importuce of bile in the ohsorption of some of the

PAH from' the mmhne is:well lmownl (ther and' Bumwmnn, 1983) In our

o d

- study, we observed the role of b)le in the

ili Y, of the above
in & series of expenments Smce the mlmher of aromatic rings in these

'.,‘ compounds increase from lwo to five and they also hnve dlﬂerent degree of water
~~—"" solubility, we speculated that the role of bile may be dlﬂennt in each case. With

2,6-DMN, we took our studies a [ew steps further observing the bnonvmhblhty oI‘

8 *, this d, when admini: . dina lipid vehicle nnd when both bilé and
pancreatic secretions are absent from the duod Y Due to the ’ P of
rohepatic cir 7» i cf the bolite whlch may be more toxic than the

parent compound we nlso observed the enterohepatlc circulation of- the

metabolites of 2,6-DMN.
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ERER: 1021 Xenobl Metaholl

~
The gastrointestinal system is exposed to a great “variety of lipophilic

xenobioties, of which PAHs are a significant fraction. Until recently it vwlsf‘

thought that the role of intestinal mucosa in was 1im_iz:d'w
absarption, oaly. The possible fole of thé intestine in the: metabolism o
Xenobiotics was first repotted b’y Herter and Wakeman (1809) wi:o‘found.thukthe
epnhelmm of the small intestine’ is- highly- effective in removing phenol Forty '
yem later’ Marenzi (1939) was able to show thnt the mtestme posseses &
remarkable role in ‘the-elimination of phcuol in gxe form of conjngates. From that’
humble beginning, extensive research has:been dome in this field, and the

xenobiotic metabolizimg activity of the i | mucosa is now well d

In recent years, devel ¢ of sensitive has revealed that

xenobiotics. interact with intestinal mucosal endoplasmic reticulym during_fhe
absorptive process (Wattenberg, 1970, 1971,"1072; Chhabra, 1979; Hnrtin]n, 1973;

Lake, Hopkins, Chakrabarti, Bridges and Parke, l(ﬂ 4 Chhal;u, Pohl Qnﬁout,

1074] Ahhu h n has lgng been étnbluhed that liver is the main site I'nr
metnbuhc degr ation. of xenobiotics 1Fout 1082; Conney, 1987; Glllette. 1011

“Remmer, 1972; M i 1971), the ibution made by the intestine is nqt h

be ignored. True, the rate-of most enzymatic.reactions in the intestine are Iower
than those in (%xe liver by‘ahnost 15 to 50 pe'rcent (Chﬂnbn md‘Fout, 1976).

However, this low rate of mg‘knbolism in the intestine does not rule ‘out the

" importance of this tissue in xenobiotic ‘metabolism ;inqe the surface area of the
_intestine and the duration of a foreign’ chemical residence, in it sy be a

deunﬁining factor in the contribution of the intestine to the .overall meub_qlilm
+ of xenobiotics in animals and humans. '
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'fhere are two different systems of ‘i 1 bolism of b The
ﬁm_ip logated in the/'p" | lumen and lyzed by mi i (Qehaling ™

1973). Tl;e other is located in the intestinal mucosa and is catalyzed by the
enzyme systems of the enterocytes. It bas become increasingly apparent that

are capable of a variety of reactions

involving the Xenobiotics resulting in the alteration of the activity and ‘toxicity of
!hesa componnds (Renwick und Drasar, 1976; Bstzmger, Bueding, Réddy and

. Welsburger 1078) . 5

Tﬁé liver is the major organ where the phase 1 and ‘phase II reactions of

xenobiotic vvinetnb;.fisn'; take place. But like the hepawcyteaz the entgrocyte:"are G =

' alsé capable of performing ‘i)oth"phum of bidtransformation of xenobiotics. ‘The

'rcquired enzyme systems ‘{ alized in the endoplasmi icul whmh proves

the efficiency of nature because the pol: b like the biotics

concentrate around the reticulum in th

‘The intestinal cy‘u.:ghrome ?.450 ‘content and the rates of most, phase I

reactions are about 15 to 50 perc’égtvg‘elow th‘E_ corresponding hepatic values .
- (Chhiabra and Fout, 1976). ‘S&me. phase 1I reactions, sﬁ;h as g]ucnrt;nidation by .
' UoP-GT n{ave been reported to be higher in the intestine than in the liver.

Studles of the distribution of xenobioti bolizi ‘enzymcs along the
L~ <_entire le gth nl ntutme show that the unmy of these enzymu is highest in zhe
Kot cor pfbxirh@e -intestine and pmgtsslvely declm&s towards ‘the distal end

gel ‘and Noordh ,1935).




u

Chh;;bn and Fout (1976) found maximum activity in the proximal 76 cm of the
1

rabbit intestine. The rat and the mouse also show similar distribution patterns in

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

. 1962). A study on’ the distribution of these enzymes among mucosal cell

populations and along the Villou&-'pt axis, showed that poorly difrqrentiaﬁﬁ.
ncﬁve]y dividing crypt cells p9§§e§s,only minwle activity, whereas the highly
: «

specialized, mature villous tip cells exhibit much greater activity (Hoensch, Woo,

* Raffin an¥ Schmid, 1976; Hoensch, Hutt and Hartman, 1978).

“n experimenthl animals it has been shown-that the xenobiotic metabolizing

mon’ooxyéennse x:e}mty of the émsll intestine can be affected by several

. conditions that either elevate or reduce its sctivity'(Hoensch and Hartman, 1981).

Ina number of excellent rev:ews, several workers have shown various modifying

& facl,ors act on intestinal xenabmtlc metabohsm (Wattenberg, 1072; Vesell, Lang,

.. White, Passananti, Hill Clemens, Liu and Johnson, 1976; Nebert and Felton, 1976;

Nebert and Gelboin, l%ﬂﬁoensch, Steinhardt, Weiss, Maier and Malchow, 1984;
Williams, 1978; Benford and Bridges, 1083; Campbell and l:lnyes, 1974; Clnyson,/
1975; Jori, ‘Salle and Saumu, 1911) Age, sex, spec)ul ;eneucs, diet, nutrition,

environment and many other factors have been shown to modify intestinal

‘metabolism of xenobiotics. ¢ ' o

‘The monooxygenase achvlty was found to differ in different age groups of
animals. Working with rnbbnt mtest.me, Tredger . (1970) and his colleagues could
detett, little or no activity during’ the. first week after birth. They monitored a .

.o

gradual increase in‘activity during the next three weeks which by 30 to 40 days
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exceeded the pormal adult levels. By the 75th. post-partum day the activity
settled to normal adult lévels. Lucier (1977) 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 function

oxidase in -rat liver, higher activity being detected in male livers ((jhhnbra and

-~~~ Fout, 1978), but no such difference has been found in the intestine (Chhabr‘a and -,

Fout, 1976). -

A rhythmic diurnal variation in the activity of intestinal microsomal

xenobiotic metabolizing enzymes has been reported by Chhabra and Fout (1978).

- They found two peak activities in both rat and tabbit, one in the early morning

and the second in the late afternoon.
s

Diet plays a very important role in the regulation of these enzymes._In fact,
it has been suggsted that the activity may largely or entirely be an effect of
exogenous mducers in the diet (Wattenberg, 1971). Starvation decreisa intestinal
aryl aromatic hydrocarbon hydroxylase (AHH) activity in rats (Wattenberg et al
1082) Rats mlmumed on seml—p\mﬁed diet showed a dzcreue in AHH activity,

which again increased when various vegetables were added to thé semi-purified

diet (Wltteuber’g, 1071).  Nutrients essential for the stiuctural integrity of

such as chol 1, and for the molecular structure of
cytochrome P-450, such as iron, have been found t6 play important roles in the
contm\led ‘ctmcy of these enzymes. Dietary iron (Hoensch et al., 1976) nnd the

quantity and qnnhty of dietary fat (Wnltenberg et al,, 1062) influences the AHH

."
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activity in rat.intestine. Dietary lipids seem to play very little role in UDP~GT\

activity but a low-prt\nin diet increases its activity (Marselos and Laitinan, 1975).

Xenobiotics themselves are very potent inducers of the xenobiotic
metabolizing enzymes. - PAHs are particularly noteworthy in this respect. In a
number of stddies, pretreatment of the animals with PAHs resulted in a massive
induction of AHH activity in the intestine (Gelboin and Blackburn, 1964; Nebert
and Gelboin, 1969). Asimilar,inducel‘nent of UDP-GT activity in the rat small

intestine has been rept;ned (Aitio, Vainio and Hanninen, 1972).

Gastrointestinal hormones hdye a wide range of Trophi¢ dctions on-the

digestive system (Johnson, 1976)." Recently, it has been shown that: pretreatment

—gLr:ts with the g i inal h in, chol kinin (CCK)
and secretin, causes an increase in the hydrox;'lation of xenobiotics in the colonic
gt’nsa (Fang and Strobel, 1081). In‘the first part of this study an attempt has
been made to reproduce the work of Fang and Strobel in rat colonic mucosa and

at the same time the effect of these hormones on drug metabolism in the rat small

intestine has been observed.

It is well established that, following. proximal small bowel resection, the

residual small intestine hological and functional adaptive changes -

(Dowling and Baoth, 1%7),. An increase in the villous height and in the size of

the crypt cell compartment has been observed without changes in the individual
y .

mucosal cell size. .After proximal resection the remaining ileum also shows an

increased capacity to lunspoﬂ glucose and amino acids (Dowling _and 'Booth,



1967) when expressed per unit length of the intestine., Similarly, the activies .g_‘! B
some brush-border’ membrlne-lﬁocilted hydrolytic enzymes have been observed
"’.l” increased (McCarthy and Kim, 1973) after resection. With the above
background information, an attempt was made 0? observe the changes in the
xenobiotic mJetnboIism capacity of the residual adapted ileum, failpwing massive

proximal resection of the small intestine.

.
’Ijo observe the effects of the above mentioned factors on xenobiotic
metabolism, both phase I and phase II reactions were studied. Benzopyrene .
Hydmxylnse (BPH), a much shldxed and well descnhed mlcrosomnl enzyme with
BP as substrnte was taken as a repnsenlntlve of phase I reaction agd
Glucuronyl transl‘erase (UDP—GT) with l-nsphthol as suhstmte represented th

phase II reactions.

1.2. Objectives

1: To observe the efféct of in, chol inil peptide (CCK-

OP), and secretin on the activity of benzo{a)pyrene hydroxylase (BPH) and UDP- -

i
glucuronyl transferase(UDP-GT) in rat small and large intestine. [

2. To perform resection anastorosis in the small intestine of the rat and : '

observe the adaptive hypertrophy il\\&ie/?remnnnt after a period of 30 days;

and compare the anatomical hypertrophy f¥ith changes, if any, in the activity of

the mi 1al bioti bolizing enzyme systems, using BPH and Uﬁ’-GT_
83 indicators.

3. To observe the role of bile in the absorption and excretion' of the




(]

. process of the PAHs in the absence of dudenal bile.

- . 18
polynuclear  aromatic  hyd: b 2,6 "{ ylnaphthal (DMN),
henanthrene,  anth 7,12-dimethylbenzanth (DMBA)  and

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

_role of dietary vehicle in the bioavailability of this compound, the effect of

absence of both bile and i reti from the duod on its
absorption and finally the h ic circulation of the” bolites of this
compound.

4. To correlate the water-solubility of a PAH and its requirement for bile

1 ab

during i

and to d ine the efficiency of tl;e absorption

p
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- Chapter 2-

MATERIALS AND METHODS

2.1. Effects of Gastrointestinal Horinones on Xenobiotic
! M, hali in ht " T

. ¥y .

. 2.0.1.Animals v s
' Male Sprag\le—lDawley n'.slwere purchased from Canadian Hybrid- Farms
(Nov;n Scotia, Cln‘ada) and were kept in l"ne Animal care facilities until the day of
the éxperil"nent. They- were mnintni‘ned at 74°F and 55% humidity in Shoe-Box
cases (solid plastic rectnnghllf box with a separate n;d lid incorporating the

feeder) with'saw dust bedding. They were allowed free access to food (Purina Rat

Chow, Ralston Purina Company) and tap water until the day before’ the
«

experiment.

2.1.2. Hormone treatment

Three chief i inal h in, chol inin (CCK) "

and secretin were used in this study. The hormones were obtained from\shnéard
suppli-ers and were of the_highest purity available. Pentagastrin was obtained
from Ayerst C-anlda (P"ephvlon; Pgntngnstrin injectior;. BP, 5 mg/2ml), secretin
(secretin, porcine; synthetic pentacitrate salt; 3800 Cl units/mg) and
hal Kini de (chal pis e

( Y amide

obtained from Sigma (MO,USA).

Iphated) were



4 : , T2

The h were admini: d ding to the doses proposed by Fang
and Strobel (1984). Pentagutrin was used directly from the Peplnvl;m vials.
Pentagasmn treated rats received a single daily intraperitoneal mjoelan of 250
ug/kg of body weight for three consecutive days. The co_ntrol nnlmnls v{cowed i

0.9% NaCl solution. e

i

Secretin was dissolved in 0.9% NaCl sohnion containing ' cysteine
hydmchlorlde. 1 mg/ml as a reducing agent. Secretm-treated rats recenved ‘one‘
daily s\lbcuuneous injection of 75 umts/kg of body welght for three consecutive

days. Control ammals received subcutaneous snlme solution.
. " : .

Cholecystokinin octapéptide was prepared as a concentrated stock solution
of 0.5mg/ml in 0.5N NaHCO, and diluted into 0.9% NaCl solution before use.
CCK-treated rats received one daily subcutaneous injection of 204g/kg of body

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

All the hormones were ndminisiéred to the animals once daily between 0{\.\/[
= 4 .
and 10AM, using an 1Iml disposable sy{ringe with 9.5 mm needle. / The

intraperitoneal injections were made in the lower abdomen on the right side,

taking care not to puncture any abdominal organs. The sub

were made either on the left or on the right flank. Every effort was made to

cause a minimum of trauma to the-animals.

. .
The animals were sacrificed on the fourth morning for microsomal

preparation. ‘
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